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GENERAL INDEX 


* Indicates Illustrated Articles. 


A 


Absorption of the earth’s atmosphere for 
light of different colors. By J. S. Dow, 
1021 

Acetylene light: 

Demerits of acetylene for lighting. By 
Horace Allen, 414 

Generation and use of acetylene. By 
Sit Cis. “Porbes: 205. li I Leeds; 
230 

Germany, Use in, 1042 

Great Britain, Use in, 257, 1042 

Havana, Use in, *047 


Incandescent burners, Behavior and il- 


luminating power of. By F. H. 
Leeds, 411 
Intensified incandescent units, 1042 
Inverted’ mcandescent burners, 230, 
1042 


Marine lighting. By O. F. Ostby, 477 
Plant growth under, 167 
Simplicity of production, 
Acetylene lighting progress in 
Hed Eliott: > 
Advertising, Attractive, *740 
Alcohol, Wood, Use of, 532 
Alloys, Increased current resistance of. By 
Be Be Cazirr 025 
Antivibrator for gas lamp, *972 
Arc: ; 
Electrolytic and metallic arc. 
dorm ladoft, S21, 612 
Transformation of electric power into 
tent. by Ce Pe Steinmetz,*870 
Arc lamps. (See Electric arc lamps; 
arc lamps; Mercury arc.) 
Architects and illuminating engineering, 
Zig IW soo. Keellogg. SS, 101 5 °731 
Argand burner, New standard, *258 
Astor hotel, Lighting of, *18 
Atmosphere, Absorption of, for light of 
different colors. By J. S. Dow, 1021 
Auxiliary apparatus for determining mean 
spherical and hemispherical  candle- 
power. By Berthold Monasch, 586, 700 


*167 
19005.) By. 


By Isa- 


Gas 


B 


Baird, Admiral George N., Biographical 
Sketchholse bys Gee Wal Pearce, *Ort, 
920, 1046 

Banking house, Illumination of. By A. E. 
Ernst) 400%. 'S. °B. Burrows, 673 

Belmont hotel, Lighting of, *499, *502 


Blenheim hotel, Hlumination of, *345 

Book review: Gas Lighting and Gas Fit- 
ting. By W. P. Gerhard, 609 

Boston, Public lighting in. By L. D. Gibbs, 
*709 


Bridges, Lighting of: 


Metropolitan, over the Seine, 698 
Vauxhall, London, *514 
British Society of Gas Industries, 843 
Butterick electric sign. By P. H. Jaehning, 


¢€ 


Calculation of illumination: 
Curves of uniform illumination. By 
EanGe Winive, 9333" .010 
Discussion. By V. R. Lansingh, 603 
Method of W. L. Smith, 980 
Street lighting, 586; By Hugo Kruss, 
895 2 
Candle-power: 
Auxiliary apparatus for determining 
mean spherical and hemispherical. 
By Berthold Monasch, 586, 700 
Candle-power efficiency vs. illuminat- 
ing efficiency of electric lamps. By 
George Loring, 10 
Intrinsic.“ brilliancies, mi, per 
inch, 710 
Measurement of mean spherical. By 
Eos Eeligowt. 715,732 
Candles, Early ingenious method of light- 
ing by, 169 


square 


‘Car lighting: 


Electric train lighting. By W. H. Rad- 
cliffe, 698 
Gas lighting in England, 256 
Notes, 1072 
Carcel sia Photometric investigations of. 
By Emil_liebenthal, 304; .C.. C.. Pat- 
erson, 1062 | 
Cartoons: 


Ball and chain design for fixtures, *330 

Cartoon as a technical illustration, 531, 
*590 

Cazin lamps, 356; By F. M. F..Cazin, *741. 


845, 925, 950 
Central station matters: 


Commercial Inspection Department for 
a central station, 180 
Illuminating engineering as an aid to 
selling current, 456 
Illuminating engineering as a means 


Z3T56" business, 15%, 163 
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Central station matters: (Continued) 
New lamps and new opportunities. By 
F. W. Wilcox, *590 
Organization and conduct of a new 
business department. By J. M. 
Robb, 463; W. R. Sweany, 598; 
CUINs Jackson, 604e6 oa NL. =ken- 
nedy, 305 
Outline lighting. 
well, 1071 
Questions of general policy, 170, 173 
Selling light by the kilowatt hour, 301 
(See also Commercial engineering of 
illumination. ) 
Cerofirm gas mantle. By C. R. Boehm, 938, 
*998 ; 1076 
Chicago, Public lighting in. By S. M.: 
Bushnell, *779; G. B. Johnson, *911 
Chicago federal building, Lighting of. By 
J. E. Woodwell, *336, *437, *663 
Chimneys, Influence of, upon the efficiency 
and performance of incandescent gas 
burners, 943 
Church lighting: 
Christian Science Church, Boston, *915, 
1046 
Concord, Mass., *980 
Early church illumination, *625 
INGtes- 4. by, Ewen Wieeks,-*315 > JiR: 
Cravath and V. R. Lansingh. 698 
Parkhurst’s church, *918 
Yarmouth Parish Church, Gas lighting 
in, *9QI 
City hall of Newark, N. J., Illumination of, 
*726 
Cleveland, Municipal lighting in, 1072 
Clouds, Measuring height of, 737; By S. A. 
Maxwell, 950 
Color of light as a factor in efficiency, 254 
Color phenomena in photometry. By J. S. 
Dow, 554 
Color vision, 927 
Colorado Springs and the rating of arc 
‘lamps, 1038 
Commercial engineering of illumination. 
By F. W. Wilcox, *590; Max Harris, 
601° Bert “Mason, 78277000; J Re 
Crouse, 1079 
Commercial rating of arc lamps, 1038 
Compressor for gas and air, Scott-Snell, 
*034 
Conductivity of various salts, 525 
Congressional Library, Lighting of read- 
ing room, *653, *666, 667, 669 
Cooper Hewitt lamp: 
Description of, 294 
Mercury vapor lighting. 
Vom Baur, *447 
Post-office illumination, *654 
Cooperative Electrical Development Asso- 
ciation, 97 355, 906, 907, 1079 


By Homer Honey- 


Loyiaen Cra eh 


Costs : 
Candle-hours of light, 300, 303, 304, 504 
Electric supply in London, 364 
Gas and electricity compared, 1043 
Gas lighting in Great Britain, 365 
Illumination costs, Reduction in, 457 
Illumination costs to the consumer in 
tiie Was. 44 
Labor cost and illuminating engineer- 
ing, 1037 
Light cost compared with the cost of 
wages, 368 
Proper maintenance as an item in de- 
termining the general efficiency of 
illuminating systems, 837 
Gurie, Prot,’ Death. ofmise 


D 


“Darkness and dividends,” 1082 
Daylight illumination: 
Discussion. «By O; He sBasquiny 7245 
823," 030; 4 1OL0 
Intensities of, according to Dr. Louis 
Bell, 836 
Definitions. By Ey LE. Eliott a46.<7 15,710, 
g5I 
Desk lighting: 
Adjustable fixture and reflector, *739 
Notes, 1773-By Je-R. Gravatinands V- 
R. -Lansingh, 200; 82589207, 
Tubular lamp, *739 
De Soria, Charles, Portrait ote 77 
Direct and indirect illumination, Relative 
merits of. By E. Schilling, 939, 992 
Distribution curves of various light sources, 
523, 524 
Distribution of illumination in the neigh- 
borhood of two lamps. By J. R. Ben- 
ton, 209 
Distribution of illumination with various 
globes and shades. By V. R. Lansingh, 
*376 
Don’ts in electric lighting, 947 
Dundy,. E. 'S., Portrait, of; 73 


Ae 


Eels, Electric, and the production of elec- 
tric current, 532 
Electric arc lamps: 
Alternating-current multiple and series 
lamps) "215, 216 
Blondel lamp, Photometric tests of, 291 
Commercial rating of, 1038 
Comparison with the flaming arc, for 
efficiency, 522 
Design, operation and maintenance. By 
R. H. Henderson, 212 
Direct-current multiple 
lamps, *214, *215 


and series 


ioe TEEOMINATING: ENGIN EER. 5 


Electric arc lamps: (Continued) 
Distribution of illumination of en- 
closed, open and flaming arc lamps. 
By L. B. Marks, 281 
Enclosed arc compared with luminous 
AEE; OL ; 
High efficiency small carbons, 125 
- Historical notes, 91 
Long flame arc lamps. 
Andrews, *309 
New lamp using secondary conductors 
in-. the-arce. “By = E. Stadelmann- 
Nehein, *416 
Penetrating properties of the arc light, 
492 
Photometric work, Lamp for, *168 
Photometric tests of various lamps and 
carbons, 291 
Photometry of, Rules for, 490 
Siemens -Halske alternating - current 
open-arc, Tests, 291 
Standardization of, 489 
Store lighting, 174, 177 
(See also Flaming arc lamps; Mag- 
netite (luminous) arc lamps.) 
Electric incandescent lamps: 
Assorting, according to age. 
Sharp, 402 
Cost of lamps, Reducing, 533 
Economy, Comparative, of different 
lamps. By C. R. Boehm, 574 
Flickering on alternating current, 886 
GEM metallized filament series, 5, 195, 
199, 201, 289, 297, 590 
High efficiency. Raising the standard 
of illumination, 835 
High efficiency series lamps for street 
lighting. : By F. W. Wilcox, 194, 
251 
Higher efficiency lamps—their value 
and effect on central station ser- 
vice, 207 
Historical notes. By 
1056 
Life. (See Life of incandescent lamps.) 
Manufacture of filaments, 403, 876, 
1058 
New forms of lan.ps. By C. R. Boehm, 
Kyte CW SUALD, (675400). oWin- 
burne, 1056 
Passing of the carbon filament lamp, 
356 
Rate earths and electric 
By M. C. Beebe, 403 
Renewal of lamps, 185, 307, 502 
Report by Electrical Testing Labora- 
tories, *357 
16 candle-power lamp. 
date? 632 


By Leonard 


Bys Ce i: 


J. Swinburne, 


illuminants. 


Is it out of 


Electric incandescent lamps: (Continued) 
Specifications : 
Standard, 1074 
Wattage tests, II5 
Street lighting: 
Candle power, Desirable, 200 
Chicago, on Michigan Ave., 238 
Los Angeles, Cal. By W. Under- 
wood and V2 R: ~Lansingh, 
*T88, 253,2200, 274 
Series lamp data. Volts and watts 
per lamp for various efficien- 
cies, 199 
Temperature measurements—and  se- 
lective radiation. By C. W. Waid- 
ner and G. K. Burgess, 786 
Tests of lamps. By L. B. Spinney, 889 
Transformation of electric power into 
light, By, GSP Steinmetz, 865 
Twenty-five cycle lighting, 211 
Variation of voltage, Effect of, on can- 
dle-power and efficiency. By J. T. 
Morris, 9890 | 
Waste, and suggested remedies. By 
Geo. Wilkinson, 112, 222, 233 
(See also special names of lamps.) 
Electric lighting: 
Combination of electricity with gas, 501 
Comparative cost of gas and electricity, 


1043 
Electricity : 
Collecting from the air in South Da- 
kota, 737 


Generating from eels, 532 
Electrolytic and metallic arc. 
adorn, 520, 8012 
Eliott; eee kortraitroine 30 
England, Electric lighting matters in, IIo, 
Til, 112, 222,6250,7450, 535, 034,’ 940, 
1042 f 
Eye and vision. 
Eye fatigue. 
factors. ) 


By Isador 


By Ee La Elliott, *815,;.9026- 
(See Hygiene; Physiological 


F 


Filament manufacture, 403, 876, 1058 
“Tire-fly” water dances in Berlin, *949 
Fixture design: 
Art Nouveau, *83, *245 
Beauty vs. utility, *58 
Crystal effects, French, *57 
Curves of uniform illumination, Appli- 
Gation ot, By 1b..C, White;:*042 
Design and location of lamps. By E. 
Tee Aalinskt,. 752 
Glass fixtures in Art Nouveau, *245 
Notes, 182, 183 
Simple studies. By E. C. White, *820 
Three-light adjustable pendant, *257 


Fixture installations: 
Chicago federal building, *340, *437 
Gourt’ House, Syracises iNew s,.2 005 
Early church lighting, *625 
Harrisburgh capitol building, *807 
Hotel Belmont, *502 
Indianapolis federal building, *150, *154 
Fixture location: 
Design and location of fixtures. By 
i ie Zahinskro752 
Location of lamps and illuminating ef- 


ficiency, “Bye bao, Mallar 743 
Residence lighting. By F. N. Olcott, 
754 


Fixtures in boxes to take home, 740 
Flames, Temperature of. By C. McPher- 
sony 1235. W. H. Ys Webber, 1067 

Flaming arc lamps: 

Absorption of globes, 107 

Candle-power characteristics of vari- 
OUSMEl amine wea hess aries VVe el) ZN" 
Ryan, 108 

Comparison of flaming, open and en- 
closed arcs, for street lighting. By 
Le BeMiarks;e2380 

Comparison of, with the enclosed arc, 
for actual light production, 522 

Construction and efficiency, 6, QI, 107 

Defects of the flame arc, 366 

Efficiency. Conductivity of various 
salts: “By IsadorsLadon.522 

Efficiency of, as compared with en- 
closed are VBy 1 L Se lliott701 

Pxecellovcarbon: lamp, ‘ests, 201 

Juno lamp,,.*227 

Magazine lamp, Oliver, *119 


Notes. By H. E. Clifford, 290 

Siemens lamp, Photometric tests of, 
292 

Weak. points of. By W.s1DJAS Ryan, 
108 

(See also Magnetite (luminous) arc 
lamps. ) 


Fluorescence and phosphorescence. 
L. Nichols, 677 

Fluorescence lamps. By C. R. Boehm, 572 

Foot-candle defined, *66 

Frauds, 232 ; 

Frosting, Effect of, upon life of lamps, 124 


Bye 


G 


Gas: 
Dangers of water gas, 534 
Long distance transmission of gas. By 
ASO} Martingescs 
Testing, Open bar photometer for, *537 
Tests of varying qualities of gas by 
Edward Allen of Liverpool, 840 
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Gas arc lamps: 
Photometric 
globes. 
Sale and installation of. 
son, 782 
Gas fitting and gas lighting. 
Gerhard, 699 
Gas illuminating engineering, 353 
Gas incandescent burners: 
Antivibrator, Special, *972 
Argand, New standard, *258 
Candle efficiency in relation to flame 
luminosity and calorific value, 479 
Car lighting in England, 256 
Chimneys, Influence of. Tests, *943 
Combined Welsbach and Nernst lamp, 


curves, with various 
By V. R. Lansingh, *385 
By Bert Ma- 


By Wie BP. 


229 
Compressed gas, Use of, 535 
Compressor, Automatic, Scott-Snell, 
*034 


Controllers on street lamps, 193 
Historical notes.. By aii aye aleithem: ae, 
562 . 

Hygienic effect of, 203, 325 
Illuminating power and lighting eff- 
ciency. By W. R. Herring, 478 
London street lighting. By C. W. 

Hastings, *459 
Maintenance of lamps, 975 
Photometric curves, with various 
globes. By V. R. Lansingh, *380 
Photometry. = By. Ty peliitteas) tc ena77, 
Railway station lighting, 967 
Self-intensified : 
Lucas lamp, 519 
Milne lamp, *538 
Scott-Snell system. By 
Hastings, *514 
Welsbach lamp, 519 
Street lighting: 
London lamps, *459 
Systems for street lighting. By F. 
V. Westermaier, 192, 268, 274 
Welsbach lamp compared with 
electric incandescent, 201, 202 
Gas incandescent burners, Inverted: 
Angle burner, *1031, 1032 
Byoug* 10318 410359) 1030 
Bland, *462, 844 
Bray reversible, *636 
Cowan, *637, 638 
Darwin, 1033 
Electroform, *1031, 1032 
Etna, *1045 
Evolution, defects and objections to. 
By Vi AGOR ettich, (87, “ou mronte san 
Drehschmidt, 120; George Helps, 424 
Godfrey burner, *636 
Hanwell’s wall bracket, *637, 638 
History of development. By C. W. 
Hastings, *1026 


Cr aN 
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Gas inc. burners, Inverted: (Continued) 
Horizontal burner, *1031, 1033 
Hygienic aspects, 325 
Ideal, *1032, -1033 
Illuminating power, Tests of. 

1033, 1034, 1036 

Lancaster, *636, 638 

Mellphin’s adapter, *636 

New Inverted, 1034, *1035, 1036 

Notes by bh. (L. Elliott.Ss. Dr Bell, 
107; Seymour Storrs, 481. 

Original burner, *1031 

Photometric curves, with various 
globes. By V. R. Lansingh, *384 

Present condition of gas lighting. By 
Drehschmidt, 687 

Star.” 1031. +1033; 41034 

Street lighting: 

Etna, *1045 

Stary “108T, ‘1034 

Street lighting. 
688 

Street lighting in Edinburgh. By 
W. R. Herring, 229 

Technical peculiarities. By H. Suss- 
man, QOI 

Types of lamps, *99, *1031 

Vesta lamp, 635, *636 

Wiederhold burner, 635, *637 

Gas incandescent mantles: 

Cerofirm mantle made from artificial 
silk. By C. R. Boehm, 938, *998; 
1076 

Composition of. for inverted lamps. By 
Got Shatrp,.103 

Bistoricae motes: byl. ja cLitle,Jr., 
562 

Manufacture of improved mantles. By 
Drehschmidt, 685; 938 

Manufacture of, with copper-cellulose. 
By W. Bruno, 494 

New impregnating fluid, 320 

Plaissetty soft mantle, 230, 461, 686, 999 

Radiation from. By J. Swinburne, 560 

Rating of, 328 

Standardization of. 
singh, 774 

Street lighting mantles, 192 

Testing mantles, 1049 

Welsbach, Notes, 179, 181 

Gas-jets: 

Aublant apparatus for lighting and ex- 
tinguishing, *419 

Automatic lighting and extinguishing 
devices, 193, 1003 

Norwich tumbler switch, *842 

Gas lighting: 

Combination of incandescént gas with 
electric light, 501 

Comparative cost of gas and electricity, 


1043 


Tables, 


By Drehschmidt, 


By VieR.- Lan 


Gas lighting: (Continued) 
Cost of, in Great Britain, 365 
Gas lighting and the principles of illu- 
mination. By V. R. Lansingh, *376 
Hygienic effect of. By A. P. Beards- 
ley, 203; 325 
Illuminating engineering with. gas, 353 
Improvements in, 631 
Notes on. By R..M. Searle, 174, 177 
Real illuminating power of gas. By 
H. L. Greville, 578 
Gas Logic: a new magazine, 1072 
Gas meter, Recording, 256 
Gases, Electroluminescence of. 
Steinmetz, 868 
Glass: 
New glass “opaque to ultra-violet 
light,” 534 é 
Obstruction of light by various kinds 
of glass, 537 
Ultra-violet glass for spectacles, 261 
Globes: 
Absorption of, with the flaming arc, 
107 
Efficiency of. By F. C. Prentice and 
J. S. Westerdale, 225 
Enclosed arc globes, 781 
Gas lighting. Distribution of illumina- 
tion with various globes. By V. R. 
Lansingh, *376 
Holophane, Effect of, upon life of 
lamps, 124 
“Novel,” *262 
Study of, for electric lights. 
Smith, *978 
Glow-lamp standards and photometry. By 
J. S. Dow, 704, 894 


Siem Ome 4 


By W. L. 


H 


Halls and corridors, Notes on lighting of, 
480 

Harrisburgh capitol building, Fixture in- 
stallation of, *807 

Hayanasaacity ot lights,.*947 

Heany incandescent lamp, 1081 

Hefner lamp investigations. By Emil Lie- 
benthal, 392; C. C. Paterson, 1062 

Helion filament incandescent lamp. By H. 
C. Parker and W. G. Clark, 937, *073 

Hippodrome, Illumination of. By E. L. 
Elliott, *71 

Holophane globes, Effect of, upon life of 
lamps, 124 

Hospital lighting: 
Electrical requirements. By W. Cross, 

797 
Hamburg. By A. Zandt, *795 
Willard Parker Hospital. By W. S. 
Kilmer, *922 

Hotel lighting: 

Astor, *18 
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Hotel Lighting: (Continued) 
Belmont, *499, *502 
Blenheim, Atlantic City, *345 
Hydrogen, Conductivity of the salts of, 525 
Hygiene: 
Eye fatigue, 178, 182 
Eyes, Effect of wood alcohol upon, 532 
Gas lighting, Hygienic effect of. By A. 
P. Beardsley, 203 
Hygienic illumination, 940 
Inverted gas lights, Hygienic aspects 
of, 325 
(See also Physiological factors.) 


I 


Illuminating Engineer: 
Aim and purpose of, 25 
Contributors, 356 
Removal of offices, 835 
Research and investigation work, 161, 
#357, 943 
Illuminating engineering: 
As an aid to central station business, 
456 
As a department of municipal govern- 
ment, 529, 633 
Limits of accuracy in, 937 
Opinions of the technical press, 28, 20, 
110, 223 
Relation of, to cost of labor, 1037 
Relative importance of, 734 
Illuminating Engineering Society: 
Aims and objects of the Society, 44 
Boston’ meetings, March 2oth, 106; 
Aprile rth, 1833) May =17ih 274; 
June 26th, 546 
Chicago meeting, May 7th, 279, 371 
Circular letters and replies, 31-34 
Constitution and by-laws, 39, 958 
First year of the Society, 942, 952 
Formation of the Society, 31, 34 
Growth of, in one year, 731 
Meeting of Jan. 1oth, 38 
Meeting of Feb. 13th, 42, 46 
Meeting of March 13th, 91, 95, 101, 103 
Meeting of April 13th, 170, 174, 176, 183 
Meeting of May 17th, 188, 192, 194, 268, 
274 
Meeting of June 8th, 263, 530 
Meeting of Oct. 22nd, 640, 645, 667 
Meeting of Nov., 748, 752, 754, 756 
Meeting of Dec. 14th, 848 
Meeting of Jan. 14th, 1907, 952. 
Meeting of Feb. 8th, 1907, 1047 
Membership, Distribution of, 954 
Illuminating engineers: 
Need of. By Leon Gaster, 224, 255 
Pioneer. By G. W. Pearce, *911, 920 
Training of, 454 
Troubles of the consulting engineer, 
1039 


Illumination: 
Actual results in illumination as com- 
pared with the results obtained 
from mathematical formulas, 14 
Curves of uniform illumination. By 
E. C. White, 333, 640 
Illuminating efficiency vs. candle-power 


efficiency of electric lamps. By 
George Loring, Io. 
Illumination and light. By C. P. Stein- 


metz, 848 

Illumination in small towns, Growth 
in interest in. By V. R. Lansingh, 
Q50. 

Present state of the science and art of 
illumination. By Li Be Marksya2, 
46, 56 

Principles of, from the standpoint of 
the gas engineer. By V. R. Lan- 
singh, *376 

Progress of illumination. 
liott3; 117; 527,<571 

Standard of, 798, 835 

(See also Intensity of illumination; 
Street lighting; and similar head- 
ings. ) 

Illuminometer : 
Definition of, 1041 
New comparative, 369 
Illuminometry and photometry, 458 
Incandescent lamps. (See Electric incan- 
descent lamps; Gas incandescent 
burners. ) 

Indianapolis federal building, Illumination 
of. By J. E. Woodwell, *140, *664 
Indirect and direct illumination, Relative 
merits of. By E. Schilling, 939, 992 
Indirect illumination, Peculiar case of. By 

ACOA Brast. 331 . 

Inspection of lamps, 180 
Intensity of illumination: 

Auxiliary apparatus for determining 
mean spherical and hemispherical 
intensity. By Berthold Monasch, 
586, 700 

Formula for determining, on a_hori- 

zontal surface, 60 

Table of cosine cubes for angles from 

Eo .tOe72 00 
Interior illumination: 


By Ei 


Calculation. Curves of uniform illu- 
mination. By E. C. White, 640 
Methods employed in dealing with 


practical problems. 
Woodwell, *645, 667 
Notes on. By Douglass Burnett, 170, 
170; 481 
Public rooms. By J. R. Cravath and 
Ve ReeLansingh. 402 


By sheers 
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Interior Illumination: (Continued) 
Shades and globes for electric lights, 
Study of. By W. L. Smith, *978 
Various types of lamps and practical 
hints. By S. B. Burrows, *671 
(See also Hotel lighting; Residence 
lighting; and similar headings.) 
Intrinsic brilliancies in candle-power per 
square inch, 719 
Inverted burners. (See Gas incandescent 
burners. ) 
Iridium lamp. By C. R. Boehm, 573; 1061 


K 


Kitson light, *965 
Kuzel lamp: 
Life of, 884 
Notes on, 876 
PRCSES OL giT 17 0575 
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Lamp posts: 
London streets, *459 
Los Angeles, Cal., *191 
Stwliouis,., Mo. 134 
Lansing. V. R. Portrait:of, *30 
Lead wool, 365 
Life of incandescent lamps: 
Frosting, and enclosing globes, Effect 
of, Tests by Cravath and Lansingh, 
124 
Improvement in life of, from 1885-1904, 
876, 881 
Life of lamps a factor in efficiency of 
illumination. By P. S. Miller, 17 
Light : 
Comparative efficiency of various 
sources of artificial light, 521, 535 
Glow-lamp standards. By J. S. Dow, 
704 
Laws.ot), By V. R.-Lansingh,-*376;, E. 
L. Elliott, *508 


Light sand illumination. By °C: P. 
Steinmetz, 848 

Location of light sources. By E. L. 
Elliott, 1012 

Mechanical equivalent of. By E. L. 


Nichols, 427 

Nature of. By E. L. Elliott, 444 

Pentane as a standard, 114, 392 

Quality of, 493 
Lighthouse lighting: 

History, 369 

Notes, 493 
Lighting gas-jets. 
“Lindsay gitl/*:*740 
Lithium, Conductivity of the salts of, 525 
Location of lamps. (See Fixture location) 
London, Cost of electric supply in, 364 
“London Correspondence,” 256, 363, *459, 

535, *634, *840, *1042 


(See Gas-jets.) 
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*® Years Progress in~ Hluniimation 


By -Bo 


The year 1905 has witnessed a 
greater general progress in the sci- 
ence and art of illumination than has 
taken place in any single year for 
more than a decade. While no revo- 
lutionary new discoveries have been 
made, there have been marked de- 
velopments and adaptations of previ- 
ously discovered principles, resulting 
in the commercial advent of improved 
forms of light-sources, which are 
likely to have a far-reaching effect in 
future illuminating practice. 

In the field of light production from 
electricity, both the incandescent and 


arc lamp have appeared in new forms, 


which are distinctly above the level on 
which lamps of this type have been 
running for a number of years, and 
much tor sa, times seemed to “be: the 
practical limit of their progress. In 
both cases the improvement is the re- 
Sule.ot a: return tor first principles,” 
so to speak. Thus, the tantalum and 
osmium lamps, which represent the 
highest efficiency in incandescent elec- 
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tric lighting at the present time, owe 
their superiority simply to the use of 
metallic wires for the incandescent 
body in place of carbon. Those fa- 
miliar with the history of the incan- 
descent lamp will recall that Edison 
spent two years working with various 
metallic wires in his first attempts to 
produce an incandescent lamp, be- 
fore abandoning them for the filament 
of pure carbon. Metallic tantalum in 
a state in which it could be drawn into 
wire was not at that time known to 
the scientific world. 

The tantalum lamp in its present 
form is a commercial possibility by 
reason of the discovery of a practical 
method of producing malleable tan- 
talum. 

The discovery of the fact that tan- 
talum is malleable in a pure state, and 
of the means of securing this condi- 
tion of purity are due to Dr. Bolton, 
the chemist of the well-known elec- 
trical works of Siemens & Halske, 
of Berlin, Germany. The metal is sci- 
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entifically classed among the “rare,” 
or “infusible metals,” for reasons 
which are self-evident. The process 
of purifying the metal depends upon 
the use of. the electric furnace; and 
thus the knowledge and development 
of one use of electricity makes possible 
improvements in its use in other fields. 
In constructing the tantalum lamp the 
wire is wound back and forth between 
two small reels with insulated arms, 
and enclosed in a glass bulb from 
which the air is exhausted. The 
lamp has two advantages over the 
carbon filament lamp; namely, a high- 
er efficiency, and a light more nearly 
white in color. At present the price 
of pure tantalum is so high as to make 
the lamps comparatively expensive. 
The German lamp sells for one dollar 
in Europe. Tests made on these lamps 
both in this country and abroad show 
that an efficiency of 2 watts per candle 
the lamp will give an average life of 
at least 700 hours. Considering the 
cost of current at 5c. per k. w. hour, 
and the lamp at $1.00, the saving in 
cost of current would represent a 
profit of over 150 per cent. on the in- 
vestment. 

The use of rare metals as filament 
material brings forth as a question of 
vital importance the possible supply of 
these metals. 

The fact may seem rather curious at 
the first thought that the supply of 
any given metal is largely determined 
by the demand, and this is true even 
in the case of rare metals which are 
found only in exceedingly small quan- 
tities and in few localities. Thus, 
when the Welsbach gas mantle was 
put.on the market, thorium oxide, 
which is the chief constituent of such 
mantles, was worth twenty dollars an 
ounce; it is now worth less than half 


of that per pound. The enormous in- 
crease in the use of platinum necessi- 
tated by the incandescent lamp has in- 
creased the supply to such an extent 
as to keep the price at nearly a level. 
It is not unlikely that the commercial 
demand for tantalum will lead-to the 
discovery of new sources and increase 
the production to such an extent as to 
materially reduce the present price, 
and thus in time cheapen the-cost of 
incandescent lamps using it as a fila- 
ment. 

The tantalum lamp has become a 
commercial success in Germany, where 
the demand is said to exceed the sup- 
ply, notwithstanding the high price. 
American manufacturers are experi- 
menting with its production, and the 
coming year will no doubt witness its. 
commercial debut in this country. 

Another well-known and wealthy 
German company has been experi- 
menting with a lamp of the same gen- 
eral principle, but using metallic osmi- 
um in place of tantalum. While they 
do not as yet seem to have met with 
the success that has attended the in- 
troduction of the tantalum lamp, it is 
nevertheless of such theoretical possi- 
bility that its commercial advent may 
be proclaimed at any time. 

Since the additional cost of the 
metal filament lamp is practically all 
due to the intrinsic value of the metal 
itself, the introduction of such lamps. 
will of necessity put the matter of 
“renewing” or “refilling” lamps on‘an 
entirely different basis from what it 
has occupied since the old days when 
from 40 to 80 cents worth of platinum 
was used in the construction of an in- 
candescent lamp. It is obvious that 
a burned out lamp containing 50 to 
75 cents worth of metal can no longer 
be relegated to the scrap heap. It 
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would seem logical that such a condi- 
tion must result in central stations 
generally adopting the plan of free re- 
newals, by which they will come into 
possession of burned-out lamps, and 
of some system of uniform rebates by 
the manufacturers for the return of 
burned-out lamps by individual users. 

After more than a decade of run- 
ning on a practically dead level as to 
quality and efficiency, the carbon fila- 
ment lamp has taken a new lease of 
life by reason of the developments 
made during the past year in the 
laboratories of the General Electric 
Company. In this case also the im- 
provement is rather to be character- 
ized as a development than an actual 
new discovery; and, as in the case of 
the tantalum lamp, the improvement 
is made possible by the action of that 
most remarkable of electrical agencies, 
the electric furnace. Briefly described, 
the improvement consists in subject- 
ing a treated filament, that is, a pure 
carbon filament which has received a 
deposit of graphitic carbon on its sur- 
face, to as high a temperature in the 
electric furnace as it will withstand 
without rupture. The action appar- 
ently is a semi-fusion of the graphitic 
carbon, which produces a_ distinct 
change in its physical characteristics, 
converting it from a more or less soft 
and friable substance into one having 
almost the qualities of a malleable 
metal, and also changing its electrical 
conductivity in an equally marked de- 
gree. In its ordinary state black car- 
bon and graphite has its electrical re- 
sistance lowered by raising its tem- 
perature, acting exactly the reverse of 
the metals in this respect, while the 
carbons after treatment in the electric 
furnace show a higher electrical resist- 
ance when heated to incandescence, 


and thus resemble the action of a 
metal. For these reasons the fila- 
ments are called by the manufacturers 
“metalized filaments,’—a name not al- 
together felicitous, as it suggests to 
the layman that metal enters into their 
composition or structure in some man- 
ner, which is not the case; they are 
practically pure carbon as before, the 
change produced in this special treat- 
ment being wholly physical. 

The increase in efficiency of such 
filaments, that is, their ability to with- 
stand a higher temperature without 
disintegration than the old forms of 
filament, is marked amounting to at 
least 20 per cent. gain over the old 
form of 3.1 watt lamp, which has been 
considered the practical limit of effici- 
ency heretofore. 

The manufacturers thus far are 
only putting out lamps with these fila- 
ments in the higher candle powers, 
from 40 to 100, and at an efficiency of 
21%4 watts per candle, rated on mean 
horizontal intensity. Tests of these 
lamps show that their useful life at 
this efficiency may be safely counted 
as 500 hours, in many cases exceeding 
this .bya2o. percent. [he filaments 
also have the further desirable prop- 
erty of blackening the bulbs by use 
much less than the common form of 
filament, so that there is a scarcely 
perceptible difference in the color of 
light produced from the beginning to 
the end of their life. The cost of pro- 
duction of such lamps, while neces- 
sarily slightly greater than the older 
forms, is not sufficient to enter into 
the commercial side of the question 
to any considerable ‘extent ; in fact, at 
the present market prices the cost of 
renewals will not exceed that of the 
3.1 watt type of the ordinary tncan- 
descent lamp. 
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In arc lighting, the use of the flam- 
ing arc has finally become established 
as an undoubted practical success. 
The general theory upon which the 
greater economy secured by this type 
of lamp depends rests upon old and 
well-known facts. First, the light- 
source is incandescent vapor; and in- 
candescence from a substance in the 
gaseous form is always secured at a 
higher efficiency than when produced 
from either solids or liquids. Second, 
the material which is vaporized is it- 
self a better radiator of light than 
amorphous, or black carbon. ‘These 
facts have been known to scientists 
for years, and were worked upon by 
electricians in the early days of the 
industry. It is all the more remark- 
able, therefore, that, after having been 
abandoned by the profession, the work 
was taken up by a novice in this par- 
ticular branch, and carried to a suc- 
cessful conclusion. Prof. Blondel, of 
Paris, one of the foremost authorities 
in the world on the subject of arc 
lamps, thus gracefully acknowledges 
the merits of Bremer’s work. 

“By a happy circumstance the lat- 
ter (Bremer), who was not an elec- 
trician, and unlike many contempo- 
raneous specialists, ignored the studies 
made and the results obtained previ- 
ously upon carbons of that nature, 
was not discouraged or halted by the 
inexact scientific prejudice as to the 
necessity of high temperatures. More- 
over, his researches, often ill-directed, 
were followed with remarkable per- 
severance and crowned with a legiti- 
mate success, notably, at the Expo- 
sition Of “Paris: ine tQ00;2. Eis ire 
opened a subject which had appeared 
to be closed, brought to light for- 
gotten work, and excited anew on the 
part of numerous seekers, including 


the author of this communication, a 
desire to increase the means of com- 
bating the alarming progress of gas 
lighting.” | 

In the mechanical construction of 
the lamps there is also a notable re- 
turn in one respect to the earliest form 
of arc, known as the Jablachkoff 
candle; that is, in placing the two 
carbons side by side, and at a slight 
inclination to each other, the arc being 
held in position by the use of an elec- 
tro magnet placed above. 

Several successful makes of flam- 
ing arc lamps are now being imported 
from Germany and England and of- 
fered for sale in this country; and the 
demand seems to exceed the supply. 
Lamps of this type are made to run 
on either direct or alternating current 
circuits; the direct current running 
at about 4o volts at the arc, and two 
in series of 110 volt circuits, or in any 
higher number on higher voltages, 
and ranging in candle powers from 
1600 to 4000. Careful tests both in 
England and in this country show that 
these lamps have at least six times 
the efficiency as light producers of the 
ordinary enclosed arc lamps now so 
generally in use, having a mean lower 
hemispherical efficiency of one-quarter 
watt per candle—a truly astounding 
performance! 

The only shortcoming seems to be 
the frequency of trimming required, 
seventeen hours being the longest life 
claimed for one setting of carbons. 
The carbons are also somewhat more 
expensive than the old form. 

The color of the light™is a decided 
improvement, at least for all cases of 
exterior lighting, for which these 
lamps are particularly adapted, over 
that of the old style arc, being of a 
golden yellowish hue instead of blue 
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or violet. Light of this color is far 
easier on the eyes and much less sub- 
ject to absorption by a foggy or 


smoky atmosphere, a point not to be 


neglected in the lighting of most city 
streets, as well as of mills and fac- 
tories. These two very desirable 
points, namely, higher efficiency and 
better quality of light, must eventually 
secure for lamps of this type a prac- 
tical monopoly of exterior lighting, 
and in many cases, of the lighting of 
large interiors. 

As the improved incandescent 
lamps, and also the Nernst, give 
when used with the proper accessor- 
ies, an efficiency practically equal to 
that of the enclosed arc as commonly 
used with opaline diffusing globes, 
with the additional advantage of abso- 
lute steadiness, and are for nearly all 
purposes more satisfactory in color 
than arcs, it seems likely that the pres- 
ent form of enclosed are lamp, which 
is the least efficient of all forms of arc 
light, must gradually give away before 
these improvements. 

The mercury vapor arc has become 
commercial in the sense of being regu- 
larly offered for sale, but in the sense 
_of being a factor to be reckoned with 
in illumination, it is not as-yet of ma- 
terial importance; and it seems hardly 
likely that it will ever become so, at 
least unless some method is discovered 
of improving the quality of the light 
without reducing its efficiency. 

A curious combination of the mer- 
cury arc and the ordinary carbon arc 
is claimed as a practical device by a 
German electrical company. The de- 
vice consists simply of an enclosed arc 
having a quanity of metallic mercury 
in the enclosing globe, the upper part 
of the enclosing globe being provided 
with a condensing arrangement to pre- 


vent the escape of mercury vapor from 
the lamp. ‘The heat of the arc be- 
tween the carbons instantly vaporizes 
sufficient mercury to fill the globe, and 
this vapor furnishes a path for the arc 
of less resistance than air, with the re- 
sult that a long luminous arc is pro- 
duced. It is claimed by the manufac- 
turers that a nearly white light is se- 
cured by the use of an amalgan con- 
sisting of a slight admixture of other 
metals with the mercury, and further- 
more that the consumption of the car- 
bons is so slow that the lamp will run 
at least 1000 hours with one trimming, 
while its efficiency as a light producer 
is practically equal to that of the 
Bremer arc. So far as we know, no 
authorative tests of this lamp have 
yet been made in this country. The 
theory, however, seems entirely plaus- 
ible; and as both the Bremer arc, the 
tantalum and osmium lamps, as well 
as the Nernst lamp, originated and be- 
carne commercial factors in Germany 
before appearing in this country, it 
will be well to keep an eye on this 
latest comer in the field of are lighting. 

Another line of experiments seek- 
ing to secure like results with some- 
what similar means, and which have 
been pursued with much care in the 
laboratories of the General Electric 
Company in this country, and by Prof. 
Blonde am trance, “are concerned 
with the use of some other solid than 
carbon as electrodes for the arc, the 
most successful combination being 
copper for the negative, and black ox- 
ide of iron for the positive electrode. 
This combination seems to possess re- 
markable properties both of endurance 
and light production. The laboratory 
results obtained with some of these 
lamps far outreach even the revolu- 
tionary results obtained by the Bremer 
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arc. Steinmetz succeeded in one case 
in producing an arc having sixteen 
times the efficiency of the ordinary en- 
closed arc. Both Steinmetz and Blon- 
del presented the general theory and 
results of their work in papers read be- 
fore the Electrical Congress of the St. 
Louis Exposition, and anyone inter- 
ested in this line of investigation will 
find these two papers invaluable. 

Lamps designed for the use of 
magnetic electrodes have been placed 
upon the market by the General Elec- 
tric Conmipany, cand, asin: the other 
cases mentioned, the demand far ex- 
ceeds the supply. 

In gas lighting, while there have 
been improvements in the construc- 
t10n--Of “burners; there seem? to shave 
been no innovations of any consider- 
able consequence. The incandescent 
mantle and burner seem to have been 
brought to the limit of perfection pos- 
sible with the present knowledge and 
supply “ol materials.-— [he -seso1 
chimneys provided with air holes near 
the bottom has become general on all 
high-class burners, as has also the use 
of a sufficiently long mixing chamber 
to insure nearly the theoretical con- 
ditions for perfect combustion. The 
final step in this direction consists in 
placing a globe outside the chimney 
which necessitates the air becoming 
heated in contact with the chimney 
before passing in to the combustion 
area about the mantle, thus furnishing 
a hot blast for the combustion. By 
the use of a Holophane globe the light 
is diffused and directed into the lower 
hemisphere, thus further increasing 
the practical useful efficiency of the 
lamp. This improvement is due to 
Geo. M. DeGinther, of Philadelphia. 

The manufacturers of incandescent 
gas burners and lamps have been try- 


ing assiduously for years to imitate 
electric lamps, their efforts in the past 
having been directed mostly toward 
the simulation of an electric arc lamp. 
The tendency now seems to be toward 
imitating the incandescent electric 
lamp. ‘To accomplish this the scheme 
of using the mantle in an inverted po- 
sition is resorted to; and it seems 
likely that the inverted incandescent 
gas lamp is to become a factor to be 
reckoned with in competition with 
electric lighting. The mechanical dif- 
ficulties of constructing such a burner 
are manifestly not easily overcome. 
To find a practical means of support- 
ing a mantle in an inverted position, 
and of mixing gas and air in a down- 
ward flow and burning the mixture 
without its “striking back,” or burn- 
ing at the mixer, have perplexed in- 
ventors in this line for years. That 
the difficulties have been so far over- 
come as to enable manufacturers to 
offer burners of this type to the public 
is evidence that the obstacles, if not 
perfectly overcome, are at least ap- 
proximately so. It is claimed that 
burners of this type, by reason of the 
pre-heating of the gas-and-air mixture 
before combustion, produce a flame of 
higher temperature, and consequently 
a higher efficiency of illumination, 
than it is possible to obtain with the 
old form of upright burner; while the 
freedom from shadow underneath, the 
more artistic form, and greater adapt- 
ability to installations where decor- 
ative appearance is important, give 
them additional claims to the attention 
of the illuminating engineer. 

The desire to assume virtues which 
one does not possess, to the neglect of 
those which they do possess, seems 
to apply to things as well as to man. 
Thus, the practice of placing an incan- 
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descent electric lamp in an upright 
position, and often even with a 
“candle-cup” under it, is a common 
method of perverting the virtues of 
the incandescent lamp in order to 
imitate the faults of the candle and 
gas flame; and the cluster of lights in 
the so-called “gas-arc’’ lamps, by 
which one of the strongest advan- 
tages of the gas light, namely, its ca- 
pability of sub-division into small 
units, is lost for the sake of imitating 
the worst feature of the arc, which is 
its generally abnormally high candle- 
power, and the striving to make an in- 
candescent gas lamp burn upside 
down, are luminous examples. 

The increase in the use of acetylene 
as a luminant is one of the remarkable 
features of the year. This growth is 
particularly phenomenal in the num- 
ber of plants installed for street light- 
Mee wet-excelient’ quality -of. the 
light produced, and the possibility of 
supplying even a house of modest di- 
mensions with this splendid light at 
a reasonable cost are adequate ex- 
planations of the remarkable growth 
of this industry. 

ii stiller case of exterior lighting, 
however, this remarkable expansion is 
not so clear, and the growth in this 
direction must be set down to a consid- 
erable extent to the energy and push 
of the manufacturers of carbide and 
generating apparatus. In making it 
possible for even the farm house to 
have gas light of the finest quality, 
and with no greater trouble than that 


involved in the use of an ordinary 
heating furnace, and at an expense 
not greatly exceeding that of oil lamps, 
acetylene has rendered a valuable and 
peculiarly distinctive service to illum- 
ination in general, covering as it does 
a field which could not be reached 
either by electricity or ordinary illu- 
minating gas. 

While the ways and means of pro- 
ducing light have thus shown remark- 
able progress during the year, the gen- 
eral awakening to the necessities of 
better practices in the utilization of 
light for purposes of illumination has 
been even more noteworthy. That the 
various elements entering into the 
problem of securing the best illumina- 
tion, with due consideration of both 
the economic and artistic questions in- 
volved, have become so diversified as 
to place the Science and Art of [llum- 
ination among the special branches of 
engineering, has become generally 
recognized, both in this country and 
in Europe. It is especially gratifying 
in this respect to note that this recog- 
nition comes as much from the large 
industries engaged in furnishing the 
means of producing light, as from the 
users of light. While there are un- 
doubtedly still many corporations that 
look askance of any means of cheap- 
ening the cost of light to the user, it 
may be fairly said that the largest and 
most influential corporations are 
among the foremost promoters of il- 
‘luminating engineering as a_ special 
branch of science. 
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Illuminating Efficiency vs. Candle-Power Efficiency 


of Electric Lamps 


By GEORGE LORING 


The proper method of rating an in- 
candescent electric lamp has been an 
open question during many years, and 
is still undecided. While the rating by 
mean horizontal candle-power has 
been accepted commercially by the ma- 
jority, there are many who have per- 
sistently maintained that this meas- 
urement as a method of rating was il- 
logical, inadequate and misleading. 
Even the measurement of mean sphert- 
cal candle-power which has been ad- 
vocated fails to recognize the all-im- 
portant point, namely, the illumination 
produced—illumination being briefly 
defined as “utilized light.” | 

With a view to determining the rela- 
tive illuminating values of lamps hav- 
ing different natural distributions, and 
thus putting the question to a practical 
issue, the writer has had made a series 
of tests, the full report of which, so 
far as they have been completed, is as 
follows :— | 

“The object of this test was to de- 
termine the watts of Shelby elliptical 
coil filament lamps when operated at 
the candle-power necessary to pro- 
duce, under stated conditions, upon a 
certain horizontal plane, an illumina- 
tion equal to that secured from oval 
filament lamp of the same nominal 
candle-power and efficiency. The test 
was conducted in accordance with in- 
structions of the Shelby Electric Com- 
pany. 


THE CONDITIONS OF TEST. 


“Fifty Shelby lamps and 50 oval 
filament lamps, rated as 16.c:p.,.23:1 


W.p.c., I10 volts were submitted by 
The Shelby Electric Company. These 
lamps seemed normal, and in all par- 
ticulars fairly representative of the 
two types. All were measured at their 
rated voltage. The mean horizontal. 
candle-power and watts of the oval 


filament lamps and the horizontal can- 


dle-power along the axis of the coiled 
filament, as well as the watts of the 
Shelby lamps were determined. 

“From each group of 50 lamps, the 
12 which would most closely approxi- 
mate their rated candle-power values 
when burning at I10 volts, were se- 
lected and were measured for mean 
spherical candle-power. As.a result of 
these determinations it was found that 
the average mean spherical candle- 
power and watts of the two groups of 
12 lamps were substantially identical. 
Details of these measurements are 
presented under “Results of Test’”’ in 
this report. 

“Comparable groups of lamps hav- 
ing been secured, a room was selected 
in which the measurements were to be 
made. This room is 16 feet long, I1 
feet wide and approximately 12% 
feet high. The ceiling and walls are 
of a light buff color, the ceiling con- 
struction being steel girder and brick 
arch. The room has one transparent 
window and two windows fitted with 
translucent glass. The first window 
is 6 feet 11 inches, and the other two 
are-5 feet 6.inches lish. <i heyiarerc: 
widths indicated in the attached 
sketch. The floor is paintedlight red. 

“Tn this room, as close to the ceiling 
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as was feasible, 12 lamps were placed 


in such positions as were thought 
likely to afford fairly uniform illumi- 
nation on a plane three feet above the 
floor, which was that selected for 
measurement. The height of the cen- 
ter of the filaments of these lamps was 
Q feet 2 inches above the plane investi- 
gated. Their positions in the hori- 
zontal plane are as indicated in the 
sketch previously referred to. All 
lamps were placed pendant; that is, 
with the tip downward. 

‘Eighteen stations were selected for 
measurement. ‘These were located as 
indicated in the sketch, 12 being at 
points directly beneath the lamps and 
six at points which correspond to the 
centers of squares formed by groups 
of four lamps. 

“The lamps were operated upon 
carefully regulated storage battery 
current. The voltage and watts were 
measured by Weston standard instru- 
ments whose errors had previously 
been determined. i 

“The measurements of the illumina- 


tion were made with the aid of the 


Weber photometer, an instrument es- 
pecially adapted to such work. This 
:nstrument had previously been very 
carefully tested and all considerable 
sources of error eliminated. A special 
white test plane was constructed 
which very clearly fulfilled the theo- 
retical requirements. Before and 
after each test the instrument was 
standardized by producing on the test 
plane a known illumination, using a 
standard lamp at a known distance. 
“Throughout the entire test care 
was taken to provide similar conditions 
for the lamps of the two types. The il- 
lumination upon the diffusing test 
plane was reduced slightly by the pres- 
ence of the operator and by the in- 


strument itself. In repeating the 
measurements for the second type of 
jamps, care was taken to have the po- 
sition of the instrument and its op- 
erator as nearly as possible coincide 
with the positions taken in the first 
test. 

“All measurements were made with 
the diffusing test plane horizontal. 

METHODS OF TEST. 

“The 12 oval filament lamps, selected 
as described previously, were placed 
in the sockets near the ceiling and 
were held: at iro volts. -The ‘total 
watts of the 12 lamps was noted and 
the illumination produced at each of 
the 18 stations in a horizontal plane 
three feet above the floor were meas- 
ured. The results of these measure- 
ments are shown under ‘Results of 
lest) | hese vlainps were. then -re- 
placed by Shelby lamps and the volt- 
age adjusted until approximately the 
same illumination was produced at the 
various stations where measurements 
were made. The lamps were first held 
at 108.0 volts. The illumination pro- 
duced at this voltage being found to 
be higher than that obtained with the 
ova. filament lamps, the voltage was 
reduced to 107.0 and the measure- 
ments were made at that voltage. The 
total watts of these lamps was ob- 
served. 

“The accuracy of settings as indi- 
cated by a repetition of the work at 
three stations (the entire process be- 
ing repeated) was found to be about 
one per cent. 

“The unit of intensity of illumina- 
tion used in this report is the illumina- 
ton produced by a source of one can- 
dle-power on a surface one foot distant 
from it, the rays falling perpendicu- 
larly on the surface. This has been 
called the foot-candle.”’ 
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Resutts oF MEASUREMENT OF ILLUMINA- 





TION. 
Station Oval Fil. Lamps Shelby Lamps 
No. at 110 Volts. at 107 Volts. 
I 1.62 Foot-candles 1.63 Foot-candles 
2 1.86 4 1.92 ¥ 
3 1.77 ‘6 1.75 66 
4 2.06 _ 2.10 ‘ 
5 2.04 e 2.09 « 
6 AR. “ 1.96 = 
z BBA 2.32 fe 
8 - 2.08 * 2.15 4: 
9 2.24 af 2.26 c 
10 23) i 2.34 a 
II 211 “i 1.98 ‘3 
12 2.40 ‘ 2137, . 
13 2.18 si 205 : 
14 2.29 os 2.14 . 
15 225 ° 2.15 “ 
16 1.86 1.81 xs 
17 2.16 at 2.07 zt 
18 2.02 “a 1.90 o 
Aver- 
age. 2.09 Foot-candles 2.06 Foot-candles 


Total watts consumed..... 610 571 
WWiattst per-slampuses a: saan 50.8 47.6 
ELECTRICAL TESTING LABORATORIES. 

(Sgd.) Preston S. MILLER. 
Approved by 

(Sed.) Clayton H. SHARP, 
Test Officer. 

1 Eakeosy tt Rey tee 
Nov. 27, 1905. 
Checked by E. F. 


Reducing the results to a percentage 
basis, sit appears staat thes soval 
anchored filament type of lamp re- 
quired seven per cent. more current 
than the Shelby type in order to pro- 
duce an equal illumination, and, at the 
same time, the difference in current 
caused the oval filament type of lamp 
to run at a higher temperature, which 


will produce a shorter life. According - 


to the best data obtainable, which has 
been gathered from a large number of 
tests, to determine this law, the rela- 
tive useful lives of the different style 
lamps, would be in the ratio of nine to 
five. If the lamps were run at equal 
efficiencies, there would be much 
greater gain in favor of the Shelby 


type of lamp in respect to total con- 
sumption of current, as the oval 
anchored filament lamp would re- 
quire sixteen per cent. more current 
to produce an equal illumination. 

It is to be noted in the results ob- 
tained that the walls and ceilings of 
the room in which these measurements 
were made were of a light tint, caus- 
ing a reflection probably above that 
produced under average conditions of 
illumination, which is proportionately 
advantageous to the oval filament 
lamps. Nevertheless, this reflection 
from the walls did not aid in the illu- 
minations to the extent that would be 
expected, which goes to prove that the 
reflecting efficiency of walls has un- 
doubtedly been overvalued. | 

It is often urged in regard to the 
advantages of a natural downward 
distribution, that it is better practice to 
construct a lamp regardless of its 
natural distribution and depend upon 
reflectors for directing light. This 
may be true in some cases. There are, 
however, many places where the use 
of accessories for redirecting the rays 
of light is impracticable, and in some 
instances objectionable under two gen- 
eral conditions: First—-when the 
presence of dust or smoke prevents 
the accessory from performing its 
work efficiently, and, second, when an 
accessory is incompatible with the 
decorative or architectural conditions 
involved. In the first instance may 
be mentioned mills, factories and other 
similar cases, where not only the pres- 
ence of dust would necessitate addi- 
tional labor in keeping the accessories 
clean, but where breakage would also 
be an item. Cases in which the lamps 
are inaccessible, as on high ceilings, 
where accessories could not be readily 
reached to be cleaned, would come in 
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the same category. It is often desir- 
able to use lamps studded in the ceil- 
ing, where a reflector or other acces- 
sory would be entirely out of harmony. 
In all these cases, therefore, the 
natural distribution of the lamp is of 


primary importance. Finally, it should 
not be forgotten that accessories for 
diffusing or directing rays of light are 
at least as advantageous to the Shelby 
type lamp as to the Oval Anchored 
Filament. 


A New Method of Show-Window Lighting 


By Pau. H. JAEHNING. 


A novel method of show-window 
lighting, which is a radical departure 
from conventional methods, is shown 
in the illustration below. The win- 
dows -are entirely of 
glass, as shown, and 
Mire a-Si-t € about & feet 
wide by 9 feet deep, with 
a height of about 8 feet 
from the bottom of the 
window to the glass top. 
About 12 inches below the 
ceiling of the window 
there is placed a false ceil- 
ing of ribbed glass sup- 
ported by a slight metal 
frame work. About this 
glass are installed sixteen 
5o-c._p. G. E. units, the 
bottom of the lamp com- 
ing within about 3 inches 
from the glass. The lamps 
are provided with Pagoda 
reflectors and are not 
frosted. The lamps are 
wired on 3 switches in 
each window so that one-third, two- 
thirds, or all may be used, as de- 
sired, 

The result of this method of illu- 
mination is a very completely diffused 





light throughout the entire space i: 
the window, with a noticeable ab- 
sence of shadows, and a light very 
much resembling sun light in bril- 


The window has excited very 
favorable comment among engineers 
who have seen it, who express the 
opinion that it is the ideal method of 
show-window illumination. 


liancy. 
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Actual Results 


in Illumination 


As Compared with the Results Obtained from Mathematical 


Formulas 


The basis of an engineering problem 
is always to be found in mathematical 
formule. The successful solution of 
the problem, however, requires both 
judgment and skill in the use of these 
formule. This necessary judgment 
and skill must be acquired by experi- 
ence, in order to determine wherein 
the practical conditions modify the 
purely theoretical. As illuminating en- 
gineering is the youngest of the spe- 
cialties, it is particudarly desirable that 
all data relating to the discrepancies 
between theory and practice be re- 
corded, so that the engineer may not 
be put to the necessity of experiments 


and possible information that others 


have gained. 

In starting to lay out a system of il- 
lumination, the fundamental fact to 
be determined is the intensity of illu- 


mination desired on some assumed 


plane or surface. This determination 
is wholly one of judgment. Having 
determined this, the kind of light- 
sources to be used, the accessories for 
directing and diffusing light, and the 
position of the units may then be de- 
termined. ‘The intensity of illumina- 
tion in foot-candles may be predeter- 
mined with a comparatively high de- 
gree of accuracy, with the exception 
of the factor of reflection from walls 
and ceiling. This factor is difficult to 
determine with accuracy by mere cal- 
culation, as it depends upon the co- 
efficient of reflection of the walls and 
ceiling, modified by the number and 
position of doors, windows, furniture, 


ete., and therefore contains a number 
of variables. The theoretical coeff- 
cient is obtained from the formula 
I 
Kise 





I—C 

in which C is the coefficient of reflec- 
tion of the walls. In the case of white 
plaster walls, which may have a theo- 
retical coefficient of reflection of .50 to 
75, it will be seen that the value of K 
becomes very considerable; thus if C 
= .50, the valne of K becomes equal 
to 2; that is the reflection from the 
walls would double the illumination. 
Actual measurements of illumination, 
however, by means of an illuminom- 
eter show a very much lower value for 
K than that given by the formula. 

A series of very interesting and val- 
uable experiments to determine both 
the actual value of K under given con- 
ditions, and the discrepancies between 
calculated and actual illumination 
have been carried out by Mr. O. M. 
Rau, Superintendent of the Electric 
Lighting Department of the Milwau- 
kee Electric Railway and Light Com- 
pany. This company has _ recently 
erected one of the most complete—in 
fact, probaby the most completely 
equipped office building and terminal 
station for a street railway that has 
ever been constructed, it being one of 
the very few buildings in which the il- 
lumination throughout has been 
treated as an engineering problem, and 
laid out not only in accordance with 
theoretical principles, but where the 
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theoretical principles have been untried 
in practice, experiments have been 
conducted to check up the actual re- 
sults. The following details are taken 
from the report made by Mr. Rau to 
his company: 

“The values of illumination, in the 
rooms shown in Figures 1, 2, 3, 4 and 
5, are compared in Table I with the 
theoretical values first determined. 
It will be seen, by referring to Table 
I, that these theoretical results are too 
high. This is due partly to the fact 
that K, the constant of reflection, was 
assumed too high, and partly to the 
fact that the distribution curves of the 
lamps were not used, neither was the 
angle of incidence of the light with the 
illuminated surface considered ; the il- 
lumination was computed by assuming 
the distribution of light to be uniform, 
without considering the angle of inci- 
dence of the light with the illuminated 
surface, and by assuming K to be 2.5. 
Consequently new theoretical values 
were computed for these rooms, taking 
into account these various factors. 
These results, shown in Table I as 
‘corrected theoretical’ foot-candles, 
compare much more favorable with 
the actual results. 


“The value of K used in calculating 
the “corrected theoretical’ values was 
obtained in the following way :—Room 
No. 343 was lined with tar paper and 
the illumination at several points was 
measured by means of the illuminom- 
eter; then the tar paper was removed 
and the illumination at the same points 
was again measured. The ratio of the 
illumination in the room with white 
walls to that in the room when lined 
with tar paper gave the actual value 
of K. K, obtained in this way, is 
probably smaller than it should be, due 
to the fact that the tar paper was not 
a jet black and was somewhat glossy. 
The result, however, must be nearly 
correct. 

“Tt is interesting to note, from Table 
II, that there appears to be a difference 
in the value of K in different parts of 
the room, due to irregularities of re- 
flection caused by doors, windows, etc. 
It will be noticed that K is small di- 
rectly under the East lamp because of 
the poor reflection from the door and 
windows in the East wall, while in the 
corners, where there are two adjacent 
white reflecting walls, it is higher. Fhe 
data, however, is not sufficient to de- 
termine this point definitely.” 


LABEE. I. 


SHOWING COMPARISON OF THEORETICAL VALUES OF ILLUMINATION AND VALUES AS 


Measurep By G. E. ILLUMINOMETER. 


Theoretical 
INO. of No. Rated foot-candles 
Room. Lamp. Cpe per report— 
Table 12. 
Max. Min. 
341 6 75 5.33 3.00 
342 4 50° 2.75 1.49 
343 5 50 3-55 1.95 
344 5 100 7.30 3.80 


Corrected Actual 
foot-candles. foot-candles 
Theoretical. as tested. 
Max. Min. Max. Min. 
205 1.46 3.20 2.52 
1.98 64 1.64 58 
2.10 .99 1.90 1.24 
4.84 1.76 4.72 2.74 


In room No. 342 Nernst lamps were used; in all other rooms G. E. high-efficiency units. 
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TABLE <-Lk 
SHOWING VALUE OF “K” As DERIVED FROM TESTS. 
Room 343. 
Foot- Foot- 
candles. candles. Remarks. 
Light. Dark. Ke 
1.39 1.82 170 In northeast corner—Good reflection walls. 
Under east lamp—Opposite door ane windows poor re- 
1.62 1.15 1.41 flection. 
Under south Middle lamp—Opposite door reflection not 
1.90 125 1.51 good. 
Midway between four lamps—Center of room. 
1.88 1.16 T0603 ‘Between south lamp and away from wall—Good re- 
1.86 1.20 1.55 flection. 
At south wall between lamps—Good reflection. 
1.54 1.01 1.52 Under northwest lamp—Opposite window, but other 
wall white. 
1.90 .99 1.93 In southwest corner—On reflecting wall. 
1.24 167 1.85 
AVerage:laneneet PO eed a re 1.64 
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In a paper on the “Engineering of 
Illumination,” read before the West- 
ern Society of Engineers, Mr. V. R. 
Lansingh cites an example of a church 
in which the illumination was prede- 
termined very carefully, taking into 
account the changes of distrbution ef- 
fected by the use of particular forms 
of globes, and the coefficient of dif- 
fusion. The results of the actual illu- 
mination obtained, measured by an il- 
luminometer, are surprisingly close to 
the calculations. Mr. Lansingh says: 

“An example of the precision which can 


be obtained is the illumination of a church 
by Prof. Smith. The illumination at 83 


points of the church, both on the balconies, 
on the main floor and under the balconies, 
was calculated beforehand and later meas- 
ured by an illuminometer. The mean per 
cent. between the measured and calculated 
values was 6.6, the maximum being 27.2 
and the minimum oo, the higher figures 
being due to certain lights which were “add- 
ed after the calculations were made. These 
results show what it is possible to do in the 
way of exact calculation of illumination. 
(Ho ea liathesroom .is-of any -consider- 
able size, this factor (k) becomes in many 
cases practically unity, while if the deco- 
rations are light, it may rise to 2 or 3 or 
even higher, depending on the conditions. 
It is, therefore, necessary to carefully con- 
sider this factor. In the case before men- 
tioned of the calculations of the church, 
this factor was 75 per cent., and the fact 
that the mean results only differed about 
6 per cent. from the calculations, shows 
how carefully this factor was determined.” 





The 


Life of Incandescent Electric 


Lamps 


As a Factor in Efficiency of Illumination 


By PRESTON S. > MAILEER 


In connection with the engineering 
of illumination every effort should be 
put forth to secure for the light- 
sources the longest life consistent with 
efficiency. 

Particular insistence must be placed 
upon this when incandescent electric 
lamps are used. Three factors in par- 
ticular must be considered. These are 
voltage regulation, condition of burn- 
ing, and size of lamps used. 

As affecting the voltage regulation 
the calibration of voltmeters used in 

establishing and maintaining the regu- 
lation is important. In order to ap- 
preciate this, one has only to remem- 
ber that a variation of one per cent. in 
the pressure at which the lamps are 
operated occasions a variation of about 
15 per cent. in the life of the lamps. 

Voltmeters of precision may be ob- 
tained in the market. The best of 
them, however, should be watched 
closely, while those which are not so 


good should always be regarded with 
suspicion. Laboratory standard in- 
struments which are not used as port- 
able instruments retain correct cali- 
bration for a long period. Neverthe- 
less in both standard and _ portable 
types the difficulty which is to be ap- 
prehended is a subtle, insidious change 
likely to escape detection and fraught 
with serious consequences.’ The best 
way of insuring the detection of such 
a change is to check the indications of 
the instrument systematically and 
periodically against a standard of 
known authenticity. For this purpose 
reference should be had preferably to 
the potentiometer and standard cell. 
These may be obtained in a variety of 
forms, ranging from the instrument 
of high precision and wide range, 
adapted for work in experimental 
laboratories, to the simple, portable 
instrument designed to check a volt- 
meter at a few points, with a fair de- 
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gree of accuracy. When a potenti- 
ometer is not available, one voltmeter 
should be set aside to serve as a stand- 
ard. To this all instruments in use 
should be compared periodically. By 
intercomparison, change in any one of 
the instruments may be detected. One 
may then feel sure of his instruments, 
where only approximate accuracy is 
desired, if he sends the standard in- 
strument to a laboratory to have its 
indications verified upon stated occa- 
sions and in every case where the com- 
parison with other instruments indi- 
cates a change. 

The second factor suggests one fault 
to be found with the practice of some 
illuminating engineers. It is a tend- 
ency to devote almost exclusive atten- 
tion to the placing of the light, and the 
appearance of the source and its ac- 
cessories. Neglect of care in provid- 
ing proper conditions for the sources 
of light has sometimes serious conse- 
quences. Frosting lamp bulbs, enclos- 
ing electric incandescent lamps in 


The Illumination of the Hotel 


globes of some types and placing them 
in positions where heat is likely to be 
confined, all tend to decrease their use- 
ful lives. 

A third point which should be re- 
membered is that in the selection of the 
unit to be used in a lighting installa- 
tion, the life of the lamps forms a con- 
sideration. In many instances, engi- 
neers determine the size of the lighting 
units by convenience in locating them 
and in the selection of accessories, 
without regard to differences in life 
values characteristic of the different 
size units. A 50-c.p. electric incan- 
descent lamp may have a life which is 
much shorter than that of a 16-c.p. 
lamp; but too often this consideration 
is entirely neglected. 

It is hoped that in the deliberations 
of the new Illuminating Engineering 
Society, emphasis may be laid upon 


-the necessity of these considerations 


and that much of value may be 
brought out in its papers and discus- 
sions bearing on this subject. 


Astor 


New York City 


From “The Central Station,’ November, 1905. 


There are usually several ways of doing 
a thing well, and an infinite number of ways 
of doing it badly. If left to chance, there- 
fore, it is nearly always done badly. A 
thing done well is prima facie evidence of 
study and care exercised in its doing. The 
illumination of the Hotel Astor is remark- 
ably done well; and the philosophical ob- 
servations just made apply with full force. 

To be explicit; it is doubtful if there is 
another building of any kind in this country 
in which the illumination has been so care- 
fully considered in all its phases as in this 
case. The building is one of the latest ad- 
ditions to New York’s mammoth and mag- 
nificent hotel structures. It fronts the en- 
tire block on Broadway between 44th and 


45th streets and is a parcel of the propérty 
belonging to our late countryman, Wm. 
Waldorf Astor. The exterior appearance ot 
the building speaks well for the general 
ability of the architects, Messrs. Clinton & 
Russell, as will be seen by a reference to 
the illustration. The interior is designed 
to meet every requirement of the modern 
hotel, including various dining rooms and 
cafés, ballroom, special assembly rooms, 
and probably the finest roof garden of the 
kind in the country. The problems in- 
volved in the illumination are 
therefore varied, and offer correspondingly 
great opportunities for either blunders or 
artistic effect. 

The original installation was designed on 


interior 
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a lavish scale, in accordance with the gen- 
eral high character of the building; but 
as so frequently occurs in such cases, when 
the building was put to its destined use, it 
was found that in many respects the illumi- 
nation was absolutely inadequate, and in 
practically all cases could be improved, 
either in regard to economy, or quality, or 
both.- The whole subject, therfore, became 
a matter of continuous thought and study 
on the part of Mr. F. A. Muschenheim, 
with the result that many changes have 
been made, and others are still to be car- 
ried out. In this work he has had the co- 
operation of Arthur A. Ernst, a competent 
illuminating engineer of this city. 

While the’ limits of this article will not 
permit of a general detailed description of 
all the illuminating appliances and methods 
used, an examination of some of the prin- 
cipal effects and defects will be instructive. 

The lobby is formed by two halls too feet 
long crossing at right angles. The main, 
or Broadway entrance, and the “Orangerie”’ 
form the terminals of one of these halls, 
while the ladies’ dining room. and the 
gentlemen’s café are at either end of the 
intersecting hallway. The ceilings are 20 
feet high, and laid out in heavy paneling 
with gilt finish. A gallery runs along the 
rear of the intersecting hallway. The light- 
ing of this lobby is by means of seven 
bowls of glass beadwork 36 inches in 
diameter, suspended 18 inches from the 
ceiling, and twenty 12-inch bead work 
spheres. There are also five Holophane 
bowls under the galleries. As bead work 
absorbs over half of the light, it was found 
that the original installation, consisting of 
twenty 16 c. p. lamps, in each of the bowls, 
did not give sufficient illumination. Mr. 
Muschenheim hit upon the ingenious de- 
vice of placing Pagoda reflectors inside of 
the bead work bowls, and in this way suc- 
ceeded in so increasing the illumination be- 
low, that he found it possible to replace the 
twenty 16 c. p. lamps with four of the 
new 50 cp. high efficiency lamps of the 
General Electric Co. Assuming the 50 c.p. 
lamps to use 125 watts, this change effects 
a saving of 4,340 watts in the seven fix- 
bures:. but owhat. is even. more to the 
point, the illumination is now entirely 
satisfactory. The 12-inch balls were sup- 
plied with 8 16 cp. lamps, also fitted with 


Pagoda reflectors. These have been re- 
placed with one 50 c.p. high efficiency lamp 
and reflector, which effected a saving of 
4,952 watts in the sixteen fixtures; making 
a total of 9,252 watts, or 12% horse-power 
saving in the lobby alone. 

The-ladies’ dining room, shown in the il- 
lustration, has the same height of ceiling 
and is a rectangular room 68 feet long and 
30 feet wide. This room was originally 
lighted with fourteen large bead work 
balls, attached directly to the ceiling. Each 
of these balls was supplied with eighteen 16 
c.p. lamps. While these were intended to 
furnish the general illumination of the 
room, side brackets carrying small incan- 
descents were provided for the sake of the 
decorative effect, and by increasing the 
number of light sources to add to the gen- 
eral cheerfulness of the room. To _ in- 
crease the illumination the same expedient 
was used in the lobby; the 16 c.p. lamps 
were replaced with six 31 cp. lamps in 
Pagoda reflectors. Recently, also, the bead 
work bowls have been removed from the 
ceiling and dropped about six feet by 
means of heavy chain supports. This is an 
undoubted improvement, as it increases the 
illumination upon the tables, and reduces 
the light on the ceiling. Mr. Muschenheim 
is firmly of the belief that ceilings in all 
cases should be kept perceptibly darker 
than the lower portions of the room; and 
the results of his experiments in this direc- 
tion certainly justify his belief. 

The gentlemen’s café (Hunting Room) 
at the opposite end of the hallway, has a 
novel and very pleasing arrangement .of the 
lamps. As shown in the illustration, there 
are twelve chandeliers constructed entirely 
of elk horns, at the various points of 
which 2-inch spherical frosted lamps of 8 
candle-power are provided, each chandelier 
supporting about 20. There are also 22 
side brackets carrying six frosted 16 cp. 
tubular lamps. The large number of lights, 
and the originality of the fixtures, which are 
in such harmony with the spirit of the place, 
produce a most satisfactory impression. 

In the rear, and opening directly into the 
lobby, is a dining room which is called the 
“Orangerie,’ a name which is somewHat 
inappropriate at the present time, as the 
original decoration of orange trees in full 
fruit has been entirely removed. The room, 
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however, is one of the most attractive 
dining rooms in the city, and the lighting 
most unique. It is impossible to give an 
idea of the general beauty of the room and 
its illumination by any written description. 
The ceiling of the central portion of the 
room is laid out in deep panels between 
the supporting pillars. Across each panel 
there are a number of small beams a short 
distance below the upper surface; these 
are in the form of a trough on the upper 
side, and in these troughs, which completely 
hide them from view, are placed 16 cp. 
lamps in Pagoda reflectors, the open end of 
the reflector being provided with a green 
tinted transparent screen. Thus a delicate 
green light is cast upon the ceiling above. 
The beams are also overspread with grape 
vines, giving to the whole the appearance of 
a magnificent grape arbor. From the main 
beam of the ceiling are suspended by drop 
cords a total of one hundred and forty-three 
16 c.p. lamps in Pagoda reflectors covered 
with grape leaves, so as to entirely hide 
both reflector and lamp. These furnish the 
illumination for the tables. At each end of 
the room the ceiling is raised into tunnel 
vaulting, which has cathedral glass set in 
the panels. Above the glass a number of 
Cooper-Hewitt mercury arcs are placed, 
which give a remarkable simulation of 
moonlight. A gallery runs entirely around 
the room. On one side of this gallery the 
walls are decorated with finely executed 
mural paintings, which are lighted by con- 
cealed Frink reflectors. The illumination 
of the gallery, which is also furnished with 
tables, is by 16c.p. lamps suspended on short 
cords and covered with wistaria blossoms. 
A small fountain with statuary faces the 
main entrance, and this is lighted with a 
Cooper-Hewitt lamp. The only visible light 
sources are a few 16 c.p. lamps colored a 


delicate rose tint, and covered with Pagoda 


reflectors, placed on side brackets. 
Occupying one corner of the first floor, 
and opening directly into the Orangerie, is 
a room intended originally as a billiard 
room, but now used as an extension of the 
café, and known as the Pompeian Room, 
from the style of the decorations. The 
room is fitted with five peculiar fixtures, 
which may be described as inverted um- 
brellas made of metal and heavy cathedral 
glass. They were dropped to reach within 


eight feet of the floor, and presumably were 
intended to light the billiard tables. Each 
was supplied with twenty 8 c.p. lamps, 
which, due to the peculiar construction of 
the fixtures, threw most of the light toward 
the ceiling, illuminating it very slightly. By 
substituting 4 32 c.p. Sunbeam lamps, which 
make of lamp is used exclusively through- 
out the entire hotel, with Pagoda reflectors, 
the conditions were reversed and the de- 
sired results obtained. The general illumi- 
nation of the room is completed by eighteen 
side brackets, and three opal bowls on a 
portion of the ceiling, that is lower than the 
main body of the room. The brackets are 
provided with two upright electric lamps 
and Holophane globes. 

In the buffet there were originally thirty- 
six 16 candle-power bare lamps, studded 
about a large panel in the ceiling. These 
have been replaced with 8 candle-power 
lamps and small Pagoda reflectors, with the 
result that the illumination on the bar is 
much better than before. There are also 
about the room eight 5 light brackets fitted 
with 8 candle-power frosted spherical 
lamps, and three frosted glass bowls each 
supplied with four 16 candle-power lamps 
on a portion of the ceiling that is lower. 

In the basement, reached by a _ broad 
stairway from either end of the lobby, is 
the American Indian Grill Room. This 
room is 22 x 100 feet, with a low vaulted 
ceiling. In the original installation, lan- 
terns, or balls, made up of smoked mica 
set in an iron frame work, were attached to 
the intersecting points of the vaulting, 
each containing eight 16 candle-power 
lamps; but even with this excess of light 
the absorption of the smoked mica was so 
great that the tables were in comparative 
darkness. These have been replaced with 
a small neat iron fixture having 
pendant 8-candle-power lamps with small 
Pagoda reflectors. The result is an illumi- 
nation that is practically perfect for the 
purpose, being perfectly uniform, and the 
sparkle of the light in the reflector adding 
a cheerfulness to the room that can be ob- 
tained in no other way. When the lanterns 
were removed, it was found that the insula- 
tion on the wiring was charred and brittle, 
in some cases to such an extent as to make 
short circuits, due to the excessive heat 
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from the numerous lamps. 


RHERY 9 


see: 


48d washing 





‘JOoJ 
-Ja [eIoues 9Y} poAoidul AT[ersojJeW sey 
YOIYM “SUI[IID oY} WO1, Joo~ XIs sureyd Aq 
pepuedsns useq oAey soroyds peoq oy], 


‘WOOU ONINIG SHIGVT AHL 





‘SOWOp 9} UI sseys 
94} aAOqe pure ‘SdAvIT YIM PdtIaAOd S10} 
“Oofet Jopun poosejd sutoq ‘mora worz 
Uspply AjoIUs IIe saoINOs-jYSI] tT, 


THE ILLUMINATING ENGINEER. 


 SINADNVAO,, AHL 


22 


THE ILLUMINATING ENGINEER. 23 


Above the landing of the stairway lead- 
ing to this room, there is a handsome wall 
painting. This was originally lighted with 
two 16-c.p. lamps in a mirror-lined trough 
reflector, such as is frequently used for 
such purposes. This has been replaced with 
a single 16-c.p. lamp in a Pagoda reflector 
‘with cardboard shade, and the illumination 
of the picture is perfect. This shows how 
carefully every detail in the lighting has 
been examined and improved where pos- 
sible. 

In the hallways leading to this room 
there were originally 10 and 12-inch frost- 
ed globes containing five 16-c.p. lamps; 
these are now supplied with one 75-c.p. 
high efficiency lamp, which gives much bet- 
ter results. 

The ball and banquet room is on the 
eighth floor, and is 75 x 55 feet, with high 
ceiling. The decorations are in light tints 
and gilt. The illumination is by means. of 
eight chandeliers, or rather large bowls of 
bead glass work, with a festoon of bead 
glass above them, and suspended from the 
ceiling to within ten feet of the floor. Each 
of these chandeliers is provided with 
thirty-two I6-c.p. incandescent lamps dis- 
tributed in the bowl and within the fes- 
tooned bead work above. Within the win- 
dow casing at the side, a number of lamps 
are also installed which light the curtains 
and thus add greatly to the appearance of 
brilliancy to the room. These lamps are 
entirely out of sight. 

At the other end of the main hallway on 
this floof are a number of private dining or 
assembly rooms, finished in different char- 
acteristic forms of decoration. The largest 
of these is called “College Hall,” the wall 
decorations representing various scenes in 
the game of football. The illumination was 
originally by bead: work bowls containing 
twenty 16-c.p. lamps; but these have been 
reduced to twelve lamps with Pagoda re- 
flectors. | 

The hallways leading to the rooms have 
been the subject of special care on Mr. 
Muschenheim’s part. As the doors are 
provided with transoms, great care has 
been taken to prevent light from entering 
the rooms. The lighting is by means of 
side brackets furnished with two pendant 
lights. In order to reduce the light in the 
rooms, the lamps were first cut down from 


16 to 8-c.p., and finally the brackets have 
been supplied with Pagoda reflectors, hav- 
ing paper shades on the outside, so as to 
entirely cut off the upward light. By this 
means the floor of the hallways is lighted 
sufficiently to make passage through them 
easy, while practically all direct light is cut 
off from the ceilings and thus prevented 
from entering the rooms. 

The rooms themselves are the best light- 
ed we have ever seen in a,hotel. Their 
average is I1 x 19 feet. The general illu- 
by a three-light chandelier 
placed very near the ceiling, the three lamps. 
being fitted with Pagoda reflectors, as. 
shown in the illustration. This gives a 
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practically uniform illumination through- 
out the entire room; and to provide special 
illumination a two-light bracket, also fitted 
with reflectors, is placed above the dresser, 
and table lamps for writing and reading. 
One of these table lamps is fitted with a 
Hylo lamp which can be used as a night 
lamp for those accustomed to a faint light 


in their room during the night. 
The top of the building is used during 


the summer as a roof garden, being fitted 
out in the style of an Italian garden. The 
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artificial light here has purposely been kept 
very dim, so as not to obscure the magnifi- 
cent view of the city, the river and the 
Palisades beyond, which affords a pano- 
rama of unsurpassed beauty. This remark- 
able garden jis furnished with an abun- 
dance of growing shrubbery, banks of blos- 
soming plants, and cascades of running 
water. The top of the building is outlined 
with a double row of large globes on pedes- 
tals, as shown in the illustration of the 
building. A similar row of pedestal lights 
is also placed along the inner edge of the 
sidewalk. Where these originally con- 
tained eight 16-c.p. lamps they are now 
supplied with one 75-c.p. high efficiency 
unit, with far better illuminating results. 
The frosted globes have also been replaced 
with opaline, which does not collect dust 
and show soil like the ground glass. 
Taken altogether, this building furnishes 
perhaps the best example of the practical 
advantage of handling illumination as an 
engineering problem. The primary object 
in the changes was to improve the illumi- 
nation, which in many cases was so unsatis- 
factory as to make a change imperative; 
but it is especially worthy of remark that in 
every change made, not only has the illumi- 
nation been brought up to a satisfactory 
condition, but a material saving in electric 


current has been effected at the same time. 
While this saving in current may not show 
so plainly in the running expenses as it 
would were the current being purchased by 
meter, nevertheless the reduction through- 
out the building when all changes have 
been made, will be so large as to readily 
make itself felt in the coal bills. 

The. question-“also, -arises,—in case asa 
building, presumably constructed in accord- 
ance with the most advanced modern ideas 
and with the best of equipment and con- 
struction, proves a failure in so important 
a respect as artificial illuminations, as to 
where the responsibility is to be placed. 
Evidently not with the electrical engineers, 
for the means of generating the current and 
of supplying it where required, seem to be 
entirely satisfactory. The fault must then 
be laid to the doors of either the architects, 
or the decorators—if the decoration was 
given as a separate contract. The simple 
cost of the changes that have already been 
made, to say nothing of the economies that 
will be continuous hereafter, would amount 
to a very respectable fee for a consulting 
illuminating engineer. Thus, what Steven- 
son said of the mechanical engineer will 
hold equally true of the illuminating en- 
gineer: “The services of a competent en- 
ginecr are not an expense, but an economy.” 
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FOREWORD 


In presenting the first issue of a 
new publication to the public, it is fit- 
ting that its general aim and purpose 
should be briefly set forth. 

THe ILLUMINATING ENGINEER will 
be primarily a Technical Journal. 
There is a well-defined difference be- 
tween the Technical Journal and the 
Trade Journal. The former is a medi- 
um for disseminating scientific knowl- 
edge and technical data, and aims to 
keep its readers posted on the discov- 
eries and advancement in knowledge in 
the particular field which it covers; 
while the latter seeks to present to its 
readers useful information relative to 
the practical and commercial sides of 
the particular art or craft with which it 
deals. We say that this publication 
will be primarily a technical journal, 
as we believe that there is an actual 
need and demand for a greater gen- 
eral knowledge of the scientific prin- 
ciples involved in the use of light for 
purposes of illumination; at the same 
time the economics of the subject will 
by no means be neglected. The title 


is intended to recognize and empha- 
size the fact that the science and art 
of illumination deserves to be ranked 
among the special branches of engi- 
neering, and engineering in any 
branch requires consideration of both 
the scientific and economic aspects of 
the problems involved. 

Along with food, clothing, and 
heat, artificial light is one of the com- 
modities which every civilized human 
being uses every day; and the degree 
of civilization of a nation or people 
is fairly indicated by the extent to 
which artificial lighting is used. It is 
a remarkable fact that, while the pro- 
duction of artificial light receives at- 
tention commensurate with its im- 
portance, and has several periodicals 
devoted exclusively to its various 
branches, there is not at the present 
time, to our knowledge, a single pub- 
lication devoted to the use of artificial 
light, or illumination. 

The means of producing light from 
various sources, such as electricity, 
illuminating gas, etc., wili receive a 
due amount of attention, as will also 
improvements in accessories and ap- 
paratus for distributing and diffusing 
light after it is produced. All prog- 
ress in this field in the way of new 
methods or devices will be recorded 
and diffused without prejudice or 
partiality. The Illuminating Engineer 
need not necessarily concern himself 
with the production of electricity, gas 
or other luminants, but must be fa- 
miliar with the means of converting 
these luminants into light, and the 
utilization of the light produced for 
purposes of illumination. 

The money expenditures involved 
in the production and use of light are 
enormous; and it is safe to say that 
in no other department of modern 
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commerce is there so much expended 
with so little knowledge of the best 
methods of obtaining the desired re- 
sults. In the vast majority of cases, 
the expenditure is made without accu- 
rate knowledge or due consideration 
of the scientific principles involved, or 
the results which measure the actual 
return for the money expended. It 
“he who makes two blades of grass 
grow where only one grew before, is 
worthy to be considered a benefactor 
to his race,” then also he who devises 
means whereby a result which pre- 
viously required an expenditure of 
two dollars can be obtained for one, or 
even for one dollar aad ninety-nine 
cents, is likewise worthy of respect. 
In the use of light, wastefulness of 
means and inadequacy of results are 
the rule, not the exception; a condi- 
tion due solely to ignorance and lack 
of appreciation of the vast strides that 
have been made in both the means of 
producing and utilizing light, and the 
diversity of conditions involved. To 
work toward removing the causes of 
this unseemly condition constitutes 
the sum total of our aims. 

One of the special features of this 
publication will be the study of indi- 
vidual problems, showing the practi- 
cal application of the technical and 
scientific principles of the subject, with 
the due consideration of the economics 
of the problem. 

Illumination is an art as well as a 
science. The production of artificial 
light necessitates mechanical devices 
and fixtures which must be exposed to 
view to a greater or less extent. They 
therefore become proper objects for 
the application of applied or decora- 
tive art, and thus must engage the at- 
tention of the architect and interior 
decorator. Cases in which the decora- 


tive consideration of the lighting have 
resulted in distorting the real objects 
to be sought, which are primarily 
utilitarian, are so frequent as to need 
no. special examples. The artistic 
side of the subject will, therefore, re- 
ceive its due attention in our columns. 

The use of artificial light is for the 
purpose of enabling us to see objects. 
Seeing involves the use of the organs 
of vision. To secure the most satis- 
factory results a knowledge and con- 
sideration of the action and care of 
the eyes; in fact, this forms the real 
basis of illumination as a science. It 
will be our purpose to set forth these 
principles in accurate language, 
stripped as far as possible of all tech- 
nical terms that are unfamiliar to the 
average reader. All of these points 
might be treated in a single volume 
rather than in a serial publication, 
were it not for the fact that, in com- 
mon with other fields of scientific ac- 
tivity, continual progress and im- 
provement is being made in both the 
means of producing and of utilizing 
artificial light. Furthermore, new 
conditions and problems are continu- 
ally arising, the consideration of which 
in their proper season can be accom- 
plished only by a publication appearing 
at frequent intervals. 

In conclusion, it is believed that a 
publication of this scope is justified, 
not for the reason that there may be a 
chance for it to secure a _ sufficient 
amount of patronage to make it finan- 
cially profitable, but because there is 
an actual demand for the particular 
information which it will seek to give. 





The American people are undoubt- 
edly the most liberal spenders in the 
world, and the cheapening of any one 
particular commodity results either in 
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the purchase of a greater amount of 
the same commodity, or of other com- 
modities. This is forcefully exempli- 
fied in the case of light. Where our 
grandfathers contented themselves 
with the light of a single tallow dip, 
we of to-day require a dozen gas or 
electric lamps. It is furthermore a 
truth so patent as to be practically 
axiomatic, that the dealer who gives 
the greatest satisfaction to his custom- 
ers will, in the long run, reap the 
greatest profits. There 1s no one 
method of producing light that has a 
monopoly at the present time. The 
user of electric lights who purchases 
his current from a central station has 


always the alternative of generating 


his own current, or even of using 
illuminating gas in place of electric 
light; while conversely, the regular 
user of gas light can either turn to 
electricity, or establish his own gas 
works in the shape of an acetylene 
generating plant. It is therefore an un- 
safe and untenable position for any 
lighting industry to attempt to sup- 
press or discourage improvements in 
illumination, even though they may ap- 
parently, and possibly even actually for 
the sine being, reduce: the receipts 
from consumers. 

The most cursory glance over the 
history of the lighting industry will 
show that methods of reducing the 
cost, or improving the quality of light, 
instead of diminishing the income of 
lighting companies, have invariably in- 
creased it by increasing the general use 
of light. A single example will illus- 
trate: When the incandescent electric 
lamp, as a successful commercial ar- 
ticle, was first announced by Edison, it 
created nearly a panic in the stocks of 
gas companies throughout the world. 
While the average selling price of gas 


bas been reduced to practically half 
of what it was at that time, and while 
the use of electric lighting, particular- 
lv by means of the incandescent lamp, 
has become one of the great industries 
of the country, the production of 
illuminating gas has at the same time 
been steadily on the increase, and 
profits continue to be satisfactory to 
tle companies. 





The instinct which impels one to 
attempt to suppress a new specialist 
in the arts and sciences is probably a 
special manifestation of the general 
truth that “‘self-preservation is the first 
law of nature.” The appearance of 
the illuminating engineer as a new 
specialist among the already numerous 
specialists of the present time, brings 
this tendency to light. The electrical 
engineer, now so numerous and com- 
mon as to arouse no more comment 
on account of his calling than the civil 
engineer, is nevertheless, of very re- 
cent origin; the first electrical engineer 
must still be a comparatively young 
Man; bute this 1s 2a: rapidvage, and 
there are those to-day calling them- 
selves electrical engineers that assume 
that, by virtue of their title, they have 
a monopoly on electricity and all its 
works, and therefore resent the illum- 
inating engineer as a trespasser on 
their particular preserves. Happily, 
however, the number of such is few, 
and will diminish to the vanishing 
point within a short time. 

In the architectural profession, while 
the same condition exists as to the as- 
sumption of monopoly on nearly all de- 
partments of human knowledge, the 
recognition of illuminating engineer- 
ing is by no means general. It is only 
fair to state, however, that by the very 
nature of an architect’s work, he re- 
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quires a very great diversity of infor- 
mation and skill, and also, for the same 
reason, the claims upon his attention 
from the various industries represented 
in supplying the innumerable elements 
that make up a modern building, are 
greater probably than in any other 
profession, and hence his failure to 
give to the subject of illumination the 
attention which the illuminating engi- 
neer deems necessary can be more 
readily condoned. In this respect also 
itis. pleasant to. note avery great 
change, even within the past year, and 
at the same rate of progress it will be 
but a few years before the illuminating 
engineer will be so generally recog- 
nized by the architect as a consulting 
specialist as is the electrical engineer, 
or construction engineer, at the pres- 
ent time. 


While there has been for a com- 
paratively long time, at least since the 
introduction of the electric lamp, a 
more or less general recognition of the 
crudities and absurdities in the prac- 
tice of illumination, and desultory 
groping after better methods, it was 
not until the past year that these tend- 
encies crystalized into a positive de- 
mand for Illuminating Engineering as 
a distinct branch of applied science. 
As the technical press may be assumed 
to fairly represent the conditions in the 
engineering field, the following ex- 
tracts from editorials will be of inter- 
est as bearing on this subject: 


ILLUMINATING ENGINEERING 


From “The Electrical Review.” 


Attention has been called several times 
to the new art of illuminating engineering. 
The art, however, is not new, but it is only 
of late that its importance has been recog- 
nized. Heretofore when a building was 
to be lighted the work was generally dele- 


ENGINEER. 


gated to some one who had made a specialty 
of running electrical wires or gas pipes, 
rather than one who had made a study of 
illumination and the best way to get it. 

There is a system of illumination best 
adapted for every particular room, and 
there are few occasions in which it would 
not be advisable to get the advice of some 
one who has made a specialty of lighting 
before carrying out the work. To many the 
lighting of their homes may seem too 
trifling a matter for expert advice. Viewed 
perhaps from the standpoint of the first 
expenditure this might be admissable, but 
every one should remember that economy 
in service is just as important as first cost; 
and more important than either is a satis- 
factory result, for upon it depends not only 
the comfort of those who frequent the 
rooms, but even their health. 

There are doubtless many who do not 
know that there are men who have made a 
specialty of this work, but there are more 
who do not realize how far this art has been 
carried. To-day the illuminating engineer 
studies not only the best degree of lighting 
required for every room, bearing in mind 
for what intended, but he studies the best 
method of getting it; he is familiar witt 
the characteristics of the different illumi- 
nants, and can say which will give the most 
saitsfactory results in any case. And this 
is true not only with regard to the degree 
of illumination desired, and the direction 
in which it shall come, but also of the qual- 
ity of the light. The illuminating engineer 
is to-day prepared to meet all such re- 
quirements and to advise as to the best 
method of lighting streets and buildings, in 
each case giving due consideration to the 
particular conditions which prevail. This 
class of work should appeal particularly to 
the electrical supply companies and to 
architects: to the first because it assists 
them materially in giving satisfactory ser- 
vice; to the latter because of the aid 
which it brings to them in their work. Poor 
lighting frequently upsets the most careful 
work of the designer of the building. 

The position of the illuminating engi- 
neer would seem to be pretty well assured, 
and one may hope that as his value is 
recognized and his services more and more 
employed that the result will be plainly 
noticeable. 


e 
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WANTED; A NEW SPECIALIST 


From “The Electrical Review” (London). 

To-day is the age of specialization, and 
electrical engineering has fallen into line 
with other callings. It is impossible for 
any one man to cover intelligently the whole 
subject of electricity supply, and hence the 
need for specialization and appeal to the 
authority of the consulting engineer has 
arisen. It is, however, a curious circum- 
stance that, whereas the methods of genera- 
tion and distribution have been parceled 
out into special subjects, the actual object 
of the process—illumination of premises— 
is often left either to the decorator, the 
architect, the fittings manufacturer, or the 
non-technical owner of premises. The 
borough electrical engineer and his assist- 
ant sometimes offer well-meant advice, but, 
being more intimately connected with the 
heavier branches, they have not sufficiently 
studied the subject of illumination to be 
ranked as specialists. There is now a 
field for a specialized illuminating engineer 
whose consideration should be directed to 
such points as the following: The position, 
grouping, shading and reflecting of lights; 
the installation of circuits to obtain the 
maximum number of lamp-hours per equip- 
ment; the esthetic arrangement of the light- 
ing in public buildings, such as art galleries, 
theaters, and churches, and economies con- 
nected with the selection and renewal of 
incandescent and other types of lamps. 

That such an engineer is required, can 
be seen by noting the defects in lighting 
found at present in public and private in- 
stallations. Lamps are hung so as to be 
unavoidable by the eye, and are hence most 
irritating; at the other extreme we have 
lamps so densely shaded that the bulk of 
the light paid for is wasted. The grading 
of illumination is improperly carried out. 
The same candle-power per unit area is 
found in the library, the dining-room, and 
the billiard-room. Probably much of the 
opposition to the Wright demand system 
is due to the presence of the large excess 
of lamps over those continuously neces- 
sary, in installations equipped by persons 
unacquainted with the elementary prin- 
ciples of economical and effective illumina- 
tion. The benefit conferred both on the 
consumer and the supply authority by his 
labors would be immense. 


A SUGGESTION FOR INCREASING 
CENTRAL STATION BUSINESS 
From “The Central Station.” 

The Central Station should back up the 
work begun by the periodical by the 
services of a Department of Illuminating 
Engineering, in charge of a competent spe- 
cialist. We emphasize the word “compe- 
tent” advisedly; the work is sufficiently im- 
portant, if undertaken at all, to be well 
done, and to do the work well requires not 
only a certain amount of technical knowl- 
edge and skill which have been acquired by 
study, but a considerable degree of artistic 
taste and originality, which cannot be ac- 
quired by mere study, but must be natural 
talent. It is safe to say that there is not 
one installation of lighting out of ten that 
could not be materially improved by a 
little study on the part of such a specialist; 
and it should be his business to unob- 
trusively study the particular needs of the 
patrons and give them every assistance pos- 
sible by way of suggestions and calcula- 
tions. “A pleased customer is the best 
advertisement”; there is no doubt about 
that; and it should be the general aim of 
the engineer to see that the patrons are 
pleased with their illumination. It is not 
sufficient that they simply do not make 
complaints. Americans are not much given 
to complaining; it is quicker and less 
troublesome to simply discard absolutely 
that which is unsatisfactory. A specialist 
of the sort mentioned, keeping continuously 
in touch with the consumers, would render 
a complaint department useless; or perhaps 
we should rather say that this department 

should be put entirely in his charge. 

There are innumerable ways in which 
electric lighting can be made more at- 
tractive and economical, from the simplest 
case of a light in a dwelling house, to the 
most elaborate system in a public building. 
The consumer has neither the time, nor 
the skill, nor the inclination, to study out 
these matters; in fact, he has a fair right 
to look to the company which is taking his 
money, for all possible assistance in this 
line. We believe that the establishing of 
such a department in connection with the 
central station would show a large divi- 
dend on the investment, and a quicker re- 
turn as an advertising expense than could 
be obtained in any other way. 
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The Illuminating Engineering Society 





MR. LOUIS B. MARKS, PRESIDENT. 


The most significant sign of the 
times, bearing upon the recognition of 
illumination as an engineering prob- 
lem, is the formation of the Illuminat- 
ing Engineering Society, which was 
consumated on the toth of January 
this city. The following record of the 
inception and growth of this move- 
ment affords ample proof of its popu- 
larity. The general readiness, amount- 
ing in most cases to actual enthus- 


Siasing eon, the part. of the lead- 
ing representatives of the various 
interests concerned with problems 


of illumination, furnishes proof that 
this movement falls in an auspicious 
tune, and asstires for the Society a 





rapid growth to such a position of im- 
portance as will place it among the old 
established technical societies of this 
country. 

A general report of the three meet- 
ings held, together with the constitu- 
tion and by-laws, adopted, follows: 


The following circular letter was sent 
out to about thirty people known to be in- 
terested in the subject of illumination: 


227 FULTON STREET. 
New Yorx, December 13, 1905. 


Dear Sir:— 

It has been proposed to form. a Society 
of Illuminating Engineers, composed of 
those people who are especially interested 
in the question of light and its distribution. 
For this purpose, the undersigned have 
asked a number of those most prominently 
interested in such questions to meet at the 
Hotel Astor, 44th street and Broadway, this 
city, on Thursday evening, December 21, at 
6:30 o’clock, to talk over the formation of 
such a society and to discuss: whatever is 
necessary to accomplish this purpose. We 
trust you will be able to attend this meeting 
and would ask that you kindly let Mr. L. 
B. Marks, 202 Broadway, New York City, 
know beforehand so that arrangements for 
an informal dinner may be made. The 
price of this dinner will be $1.00 each. 

Trusting that we may have the pleas- 
ure of meeting you at that time, we are, 

Very truly yours, 
L. B. Marks, 
E. LEAVENWoRTH ELLIOTT, 
VAN RENSSELLAER LANSINGH. 


P.S.—The dinner will be purely informal 
and business suits will be in order. 


In response to this call twenty-five of 
the recipients assembled at the appointed 
time and place. 

The meeting was called to order by Mr. 
V. R. Lansingh, who nominated Mr. L. B. 
Marks for temporary chairman. This nom- 
ination was variously seconded, and Mr. 
Marks was unanimously elected. 

Mr. E. L. Elliott was nominated for tem- 
porary secretary; seconded and carried 
unanimously. 


32 THE ILLUMINATING (ENGINEER, 


After a few preliminary remarks by the 
chairman, the following letters were read: 


Department of Physics, Cornell University. 
Ithaca, N. Y., Dec. 16, 1905. 
Mr iB Marks, 
No. 220 Broadway, New York. 

Dear Mr, Marks :—Your letter of Decem- 
ber 14th, inviting me to meet those inter- 
ested in the organization of a society of 
the Illumination Engineers at dinner in 
New York, on December 21st, was duly re- 
ceived. [I am very sorry to be unable to 
accept, for I am in hearty sympathy with 
the idea of having such a_ society. 
I believe that it will serve to ad- 
vance our knowledge of a much neglected 
branch. I have unfortunately promised to 
do between now and Christmas more than 
I can hope to accomplish with the use of 
every day and some of the nights. Kindly 
express my regrets, and my interest in the 
cause, to those who gather with you at the 
Hotel Astor. 

Yours very truly, 
Epw. L. NicHo rs. 


Purdue University, Lafayette, Indiana. 
December, 19, 1905. 
Mr. Louis B. Marks, No. 220 Broadway, 
New York City. 

My dear Marks:—I have your letter in- 
viting me to attend a meeting of engineers 
interested in illumination, at the Hotel 
Astor on the 21st inst. 

I beg that you will accept my thanks for 
the invitation, but I have also to send 
my regrets at being unable to attend on that 
date. Our work is just closing prior to 
the holidays and it would not be possible 
for me to go to New York for the meeting. 
I desire to express my entire sympathy 
with the movement and my belief that a 
new and legitimate field of engineering will 
be the outcome of the movement and no 
one can tell at this date to what extent it 
may grow in the very near future. 

Assuring you of my best wishes for the 
success of your proposed society and my 
willingness to co-operate with you in any 
way that may be possible, I beg to remain, 

Very sincerely yours, 
C2P.~ MATTHEWS; 
Director, Electrical Laboratory. 


TREASURY DEPARTMENT, 
OFFICE OF THE SECRETARY. 
WASHINGTON, December 20, 1905. 
Dear Sir :— 

I desire to acknowledge the receipt, both 
on behalf of Mr. J. E: Woodwell and my- 
self, of your valued invitation to be pres- 
ent at a meeting to be held at the Hotel 


Astor, New York City, on December 21, 
1905, with a view to the formation of a 
Society of Illuminating and Illumination 
mngineers. 

We have delayed replying to this invita- 
tion in the hope that we would every day 
be able to assure you of our personal at- 
tendance at the meeting, but now at the 
last moment find that neither Mr. Wood- 
well nor myself will be able to attend. I 
can assure you of our interest in the move- 
ment for the organization of such a society 
and trust that the meeting will be a thor- 
ough success. 

Very truly yours, 
Proctor L. DouGHERTY. 


New York Epison Co., 55 DUANE STREET. 


New Yorx, December 19, 1905. 
DEAR Mr. Marks :— 

The letter of December 13th informing 
me of the proposed formation of a Society 
of Illuminating Engineers, has just been 
received. This seems to be a most intet- 
esting matter, and I will surely endeavor 
to attend the meeting suggested. At the 
present moment I cannot say definitely 
whether this will be possible, but I trust 
that I will be able to be on hand. 

Assuring you of my hearty approval of 
the formation of such a society, should I 
be unable to attend in person, 

Yours very truly, 
WALTER E. Boyp. 


Eprror1AL DEPARTMENT, The Electrical Age. 


NEw York, December 18, 1905. 
Dear Sir :— 

Referring to a letter received two or 
three days ago calling attention to the prop- 
osition to form a Society of Illuminating 
or Illumination Engineers, and the con- 
templated talking over of the preliminary 
arrangements at an informal dinner to be 
held at the Hotel Astor on the evening of 
December 2ist, I would say that it will 
give me great pleasure to be on hand, or 
to be represented by one of my associates. 
The matter is an interesting and an im- 
portant one, and it would seem to me that 
such a society would be able to accomplish 
much good work. 

Very faithfully yours, 
ALBERT SPIES, 
Editor. 


EDITORIAL Rooms, 
The Electrical World and Engineer. 


New York, December 16, 1905. 
My pear Mr. Marks :— 
I beg to acknowledge receipt of the kind 
invitation signed by yourself, Mr. Elliott 
and Mr. Lansingh, to the dinner next 
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Thursday, and regret very much that a 
previous engagement will not allow me to 
attend. Were I, however, to have the 
pleasure of being present, there are sev- 
eral considerations which I would ask per- 
mission to present in relation to the mat- 
ter that will be under discussion at the din- 
ner, and perhaps you will allow me to set 
them down here. I shall say, first, that I 
am in entire sympathy with the movement 
toward establishing illuminating engineer- 
ing as a specialty, for | thoroughly believe 
that in view of the present keen compe- 
tition of gas, the industry as a whole will 
be highly benefited by placing the matter of 
the distribution of light units in the hands 
of specialists who will produce the best 
results with the least expenditure of en- 
ergy. I regret to say, however, that I do 
not think this end can be best served by 
the formation of a Society of Illuminating 
Engineers for two principal reasons which 
I will outline below: 


First, I believe that before illuminating 
engineering can become fully appreciated 
and reach the status which it deserves, a 
great deal of missionary work is necessary, 
and particularly among the whole body of 
electrical engineers of this country. I think 
it must be confessed that at the present 
time consulting electrical engineers and 
others laying out lighting circuits consider 
that they themselves are sufficiently quali- 
fied to work out problems relating to illu- 
mination, and that until convinced to the 
contrary they will oppose the participation 
of an illuminating expert in the laying out 
work on which they are engaged as en- 
gineers, or concerning which they are asked 
for advice. Then again, the development 
of illuminating engineering is so recent that 
the great majority of electrical engineers 
in general know little or nothing concern- 
ing it as a professional branch, and any 
movement which would cause the prejudice 
of the first class to become active would 
undoubtedly result in rallying to this class 
very many who at present have taken no 
stand on the question. 

Assuming that the above situation does 
exist, the deduction is that the time is 
particularly ripe for missionary work with 
a view of removing prejudice where it does 
exist, and establishing favorable impres- 
sions among the second class above men- 
tioned. With a membership at present of 
over 3,700, the American Institute of Elec- 
trical Engineers may be accepted as almost 
exclusively representative of the American 
electrical profession, and it follows that it 
is highly desirable that this missionary 
work should be most largely conducted 
among the members of this body. That is 
to say, the only audience worth considering 
at the present juncture, whether this respect 
to direct the influence or indirect influence 
through its members, seems to be that of 
the American Institute of Electrical Engi- 
neers. 


I therefore think that instead of forming 
at the present time a separate body, it 
would be very much wiser if the illuminat- 
ing engineers of this country were to ex- 
ert all their efforts towards spreading 
knowledge of the art of illuminating en- 
gineering and the functions of the illumi- 
nating engineer, through the Transactions 
of the American Institute of Electrical En- 
gineers. I believe that illuminating engi- 
neers should get together and draw up 
some plan (without communicating it to 
outsiders) whereby this purpose could be 
carried out, rather than organize as a sepa- 
rate national body. For instance, I tnink 
there would be no difficulty in arranging 
for an Institute meeting date at which the 
subject would be illuminating engineering 
as represented by a number of papers. I 
believe also that arrangements could be 
made whereby at least once a year a paper 
on illuminating engineering would be read 
before the Institute at one of the ordinary 
monthly meetings. 

Second, the formation of a body of illu- 
minating engineers, many of the members 
of which would be present members of 
the A. I. E. E., would be regarded by per- 
haps the majority of members of the latter 
body as an injury to the Institute; or if 
the feeling would not be this deep, it would 
at least amount to a prejudice against the 
new body. I do not make this prediction 
as one based upon the known feelings of 
electrical engineers, but rather because the 
history of professional bodies in Great 
Britain and this country have shown that 
the setting up of a body representing even 
a minor object of an existing national 
body is always resented, and alienates the 
sympathy of members of the older body 
from the members and purposes of the 
newer one. In view of the apparent feel- 
ing, passive though it be at present, of 
the more prominent installation engineers 
against illuminating engineers, it seems to 
me it would be particularly unfortunate to 
take any action that would enable them to 
rally others to their standard, though be- 
ing afforded an opportunity to appeal to 
professional society prejudice. 

Ts resume, I think it would be very un- 
advisable at the present time for illuminat- 
ing engineers to take an action that would 
deprive them of the ideal channels afforded 
by the American Institute of Electrical En- 
gineers for creating professional sentiment 
in their favor, and which would arouse 
against them the powerful opposition of 
the A. 1). EE. on the ground that the 
new society is a schismatic body. 

Finally, I will say that if it be decided 
to organize the proposed body, it can count 
on our hearty co-operation, and on our aid 
in allaying any feeling of antagonism 
aroused by the action. 


Sincerely yours, 
W. D. WEAVER. 


34 THE ILLUMINATING ENGINEER. 


The New York Edison Company, 
55 Duane Street, New York. 


December 21, 1905. 
Verge Bae Marks, 
At Meeting of Illuminating Engineers, 
Hotel Astor, New York City. 


My dear Mr. Marks:—I beg to offer 
several suggestions which grew out of our 
talk of yesterday in reference to the pro- 
posed organization of a society or associa- 
tion into which could be gathered the many 
interests that would co-operate toward in- 
vestigation and discussion of methods for 
improving the applications of artificial il- 
lumination. 


It would appear to me that this subject | 


has arrived at a stage where it could well 
be specialized, even though the general sub- 
ject is one which comes within the pur- 
view of already existing professional bod- 
ies such as the American Institute of Elec- 
trical Engineers or the American Gas Light 
Association. As such an association must 
necessarily include within its membership 
electrical engineers, gas engineers, chem- 
ists, fixture makers, architects and others, 
it would seem to me that it would be de- 
sirable to limit the membership to one class 
of members and to eliminate, as far as pos- 
sible all professional qualifications for mem- 
bership. 

I do not believe that such an association 
on the lines above indicated should under- 
take at this time to set up a high qualifica- 
tion either from a scientific or technical 
standpoint, but should undertake to keep its 
doors as wide as possible so as to embrace 
all who would co-operate toward the ad- 
vancement of the art of illumination. 

I would emphasize that very great care 
be taken so as not to conflict even in ap- 
pearance with the existing technical bodies 
such as the American Institute of Electrical 
Engineers or the American Gas Light As- 
sociation, but it would seem to me desirable 
to open the doors as widely as possible to 
commercial interests also as well as the 
professional class. 

As I stated to you yesterday I believe that 
the success of such an association will de- 
pend very largely upon the selection of a 
proper name, and I have not been able to 
find a good “American” equivalent for a 
German title which happened to occur to 
me at once, for instance “Verein ftir Be- 
leuchtungswesen.” If you could find a sat- 
isfactory equivalent which would cover the 
ground quite well, it would, I believe, go 
far toward meeting the situation. 

Yours very truly, 
ea ier eR 


The Chair:—The most important topics 
that will come up for discussion this even- 
ing will be the object of the society, its 
name, and its relation to its sister institu- 


tion, the American Institute of Electrical 
Engineers. It seems to me that it would 
be wise before closing this evening to ap- 
point a committee to go into these various 
matters, and meet, say two weeks from 
now, and then present their recommenda- 
tions to the members to be voted on. The 
same committee should be authorized to 
draft a constitution and by-laws. A dis- 
cussion of the name and object of the so- 
ciety is now in order. 

Question: (By member)—I would like 
to ask for information, as to whether or 
not the foreign Engineers’ Societies do not 
have some divisions of engineering special- 
ties in their organizations? 

The Chair:—I am not familiar with the 
general practices abroad; perhaps some of 
the members might answer that question. 
My impressions are that they do. The In- 
ternational Electrical Society, of which I 
am a member, would not come under the 
head you name. Dr. Sharp has investigated 
a number of societies over there, and might 
be able to tell us whether there are any 
branches, or specialties, that he knows of. 

Dr. Sharp:—I am not sufficiently famil- 
iar with the conditions in regard to this in 
foreign scientific societies to be able to 
answer. 

Question: (By member)—Do you sup- 
pose it would be feasible to form a society 
of Electrical Engineers for this special 
work? 

The Chair:—In order to expedite the 
discussion, I will take the liberty of calling 
individually on those present for their 
opinions. We would like to hear from 
Mr. Wilcox. 

Mr. Wilcox:—I prefer to hear the dis- 
cussion of that particular point rather than 
express my Own opinion; but how are you 
going to get a combination of the acetylene 
and gas interests, which are becoming a 
very important factor in illumination? Most 
of the people here represent electrical in- 
terests, and I don’t think that we ought 
to consider for one moment that the soci- 
ety should be limited to the electrical in- 
terests; it should include both gas and elec- 
tricity. If limited to electricity, you im- 
mediately count out your other parties, 
which is a very serious objection. 

Mr. Ryan :—As to the question of a name, 
I would suggest “Light Improvement As- 
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sociation,’ but I think it is something that 
will have to be handled very carefully. As 
to the field of the illuminating engineer, this 
has been very materially changed in the 
past five years. We now get requests right 
along from engineers and architects to dis- 
cuss the lighting of certain buildings. 

Dr. Sharp:—I have not given this mat- 
ter any great amount of thought, but cer- 
tainly the matter appeals to me very strong- 
ly indeed. The American Institute of Elec- 
trical Engineers has always given a cer- 
tain amount of attention to questions of 
light, illumination, and photometry; but all 
these matters are far from being properly 
recognized. I think we should consider 
rather carefully the question, whether it 
might not perhaps be better to endeavor to 
bring this question of illumination to the 
attention of the Institute, for a while at 
least. To be sure, that does not include 
the gas interests, and they are of tremen- 
dous importance. I certainly think that 
before anything is done the thing will have 
to be put in the hands of a representative 
committee, who will go into the matter 
very carefully, and take the thing up with 
the members of the American Institute, and 
also with some representatives of the Gas 
Light Association. 

The Chair:—Mr. Kellogg, who is doing 
great work in illumination, is here; we 
would like to know what he has to say 
about the formation of a society of this 
kind, and whether, in his opinion, the best 
interests of illumination could be secured 
by the formation of a society of this kind. 

Mr. Kellogg:—Two years ago the archi- 
tects thought an illuminating engineer was 
a man who assumed a great deal, but who 
knew little about the subject. Now they 
are beginning to realize that there is some- 
thing in it. I think perhaps a little more 
missionary work might do some good, but 
I do not think the subject has as yet so 
advanced that the architects will appre- 
clate it. 

Mr. Page:—I am very much interested in 
the formation of a body of Electrical En- 
gineers, or rather of Illuminating Engi- 
neers, to discuss together this question of 
illumination. I find in my experience in 
talking with various illuminating engineers 
that each one at the present time seems to 
have his own particular hobby. There are 


all sorts of problems that have had very 
little discussion and consideration up to 
the present time; and as the subject is 
brought to my attention from time to time, 
I am surprised, after the years I have spent 
in the incandescent lamp business, to find 
how little I know about it. There are a 
whole lot of problems that have, up to the 
present time, received very little attention, 
and if a body of men could meet once a 
week, or once a month,—call the society 
what you please,—the time would be well 
expended. You have got a work that ought 
to be done, and done right away. A whole 
lot of time and work will have to be ex- 
pended to bring about the results you want 
to accomplish. I believe that almost half 
of the electrical energy used for light is 
wasted in the city of New York. There is 
no branch that I know anything about that 
seems to me is so badly done as illuminat- 
ing engineering. Look up history and you 
will find that we are following precedents 
that were established thousands of years 
ago; it is hard to get away from them. I 
do not care what you call yourselves; but 
if you can get the men that are particularly 
interested together and get them to discuss 
the various matters,—let Mr. Ryan bring 
out the results of his experience; let Mr. 
Mygatt present his methods, and tell what 
he can do; each has its own particular best 
sphere; they will then be able to place it 
before the public so that an engineer can 
take the work here and can understand so 
that he can go to work with some data 
with some line of books or pamphlets to go 
on as a standard. 

Mr. Olcott:—I do not see that I have 
very much to add, except that the name 
should be a proper one. I would suggest 
leaving out the word Engineer, and call it 
the Illuminating Society, or Illumination 
Society. 

Mr. Mygatt:—In what way do you con- 
sider the fixture manufacturer would be 
benefited by the formation? 

Mr. Olcott:—The fixture manufacturer 
would probably succeed in making a fix- 
ture without so many kicks about insufh- 
cient light, etc..—due generally to the fault 
of the current furnished by the Edison 
Company. (Laughter.) The chief thing 
would be to bring us together. 

Mr. Pope:—I do not know that I can 
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add very much to what has already been 
outlined; but I will say this for the benefit 
of our fixture manufacturers, that it is a 
very frequent occurrence that we are called 
upon to explain why one customer’s bili is 
much higher than the other, and very often 
find that the fixture manufacturer is the 
cause. We do the best. we can with what 
is left to arrange the lighting, perhaps not 
as an engineer would do it, but as one who 
is trying to meet the conditions of illumi- 
nation. I believe that there is a great 
field, and a field that is neglected. You 
cannot walk down a single street of New 
York without having all kinds of glaring 
defects of illumination staring you in the 
face. A half of the energy is wasted; it 
is true; that is where most of our trouble 
comes. We are not anxious to waste en- 
ergy. No business arrangement will re- 
main permanent that is not satisfactory. 
With a man who has not had his place 
scientifically illuminated it is very hard 
to overcome these conditions. We do the 
best we can with what is left. I do be- 
lieve that something should be done in that 
line deteel-as2Dr: Sharp-has said; that a 
committee should be appointed to consider 
the subject from every point of view. 

Mr. Howell:—The subject of wasted 
light interests me very greatly. It has been 
a hobby of mine, ever since Mr. Page and 
I put up a great big sign down on 23rd 
street, to cut down the size, and increase 
the number of lamps, in signs especially. 
I do not believe you will find anywhere in 
this city a greater waste of light than in 
the electric signs we have. If they were to 
use 2 or 3 candle-power lamps instead of 8 
and 10, they would get far better results. 
Go along Riverside Drive and try to read 
the large electric signs across the river on 
the Jersey shore; you will find that they 
are blurred so much that you cannot pick 
out the letters at all. I feel strongly on 
the subject of bringing in the gas engineer, 
and the representatives of all other sources 
of artificial illumination. I think it would 
be a mistake to tie up to one subject 
alone. 

Major Zalinski:—I came here to get the 
opinion of the members on the subject. I 
- fully agree with Mr. Page that there is a 
great waste of current in the prevailing 
methods, and that good results can be ob- 


tained with a less expenditure of current. 

Mr. Mygatt:—I do not. think that the 

word “engineer” would be particularly. ob- 
jectionable. Why should the words Illu- 
minating Engineer be objectionable in any 
way? It certainly applies as much to gas 
as it does to electricity. 
- Mr. Elliott:—It seems to me that to 
omit the name “Illuminating Engineer” 
would be, in a measure, to defeat the pur- 
pose of the association. It seems to me 
that illumination and the use of light, 
whether it be artificial or daylight, has be- 
come a sufficiently diversified branch of 
knowledge to require all the time that one 
can give to its study if he is to master the 
subject, or to even approximately perfect 
himself. If that is the case, he has as good 
right to call himself an “engineer” as the 
man who gives his time to heating and 
ventilation, or sanitation, or refrigeration, 
and calls himself an “engineer” in any of 
these special fields. JI was somewhat sur- 
prised to find that there might be a feeling 
on the part of the American Institute of 
Electrical Engineers in regard to the for- 
mation of such a society under such a 
name. I cannot comprehend why they seem 
to claim exclusive rights to the title of 
Engineer. There is something in a name, 
especially in the opinion of the public. I 
should feel very sorry to see the name 
“engineer” left out of the title. 

Mr. Miller:—I think that the question 
of illumination has been wofully neglected. 
Societies such as the American Institute 
and the gas associations have neglected it 
because it has been subordinated to greater 
interests,—interests which demanded im- 
mediate attention. Light will take care 
of itself in some sort of a way, and is nat- 
urally neglected. I do not believe that it 
is possible that electrical and gas organiza- 
tions will give to the question the atten- 
tion and consideration which it deserves, 
and feel quite sure that it is only by the 
organization of a society of this kind that 
our object will be attained. The question 


_of light wasted appeals to me very strong- 


ly. I think Mr. Page is correct in his state- 
ment that half of the current that is gen- 
erated is wasted, and is certainly large 
enough to command the attention of a so- 
ciety organized for the specific purpose. 
Major Zalinski:—Why would it not be 
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well to use such a name as “The Society 
for Economical Illumination, or Light,” the 
word Engineer to come afterwards? 

The Chair:—I think it would be well to 
leave that to a committee. You might un- 
derstand the term, but the architect might 
look at it from a different point of view. 

Mr. Ryan:—Five years ago it was al- 
most impossible for a consulting illuminat- 
ing engineer to get into an architect’s office. 
Three years ago the work had increased 
to such an extent that I was obliged to 
drop all other work and follow illuminating 
engineering exclusively. I have now six 
assistant engineers and every one of us is 
on the go. In the spring the General Elec- 
tric Company are going to put up a great 
laboratory at Lynn, so that at any time 
an architect or engineer would like to see 
a certain effect that effect can be repro- 
duced so as to form a basis for drawing 
up the final specifications. In conjunction 
with that we will have all kinds of meas- 
uring apparatus, etc. to make it as prac- 
tical as possible; so that the company feel 
that it is of sufficient importance to ex- 
pend a large amount of money with the 
idea of applying the proper thing to the 
proper place. 

The Chair :—I would ask you to consider 
the appointment this evening of a commit- 
tee to take up this question of the name 
of the society, and to draw up a constitu- 
tion and by-laws, to be submitted to the 
members who may attend the next meet- 
ing; those who attend the next meeting, 
or signify their intention of doing so, to 
be called the charter members. 

Mr. Elliott:—I move that a committee on 
organization, consisting of five members, be 
appointed, to report in two weeks from 
this evening, at a place to be appointed, a 
constitution and by-laws, and such other 
regulations as may be necessary for estab- 
lishing an association which shall be de- 
voted to the interests of furthering good 
illumination. 

Mr. Ryan:—I second the motion. 

Mr. Howell :—I move that the committee 
consist of seven members. 

Mr. Elliott:—I accept the amendment. 

The Chair:—If there are no objections, 
the committee will consist of seven mem- 
bers. 

Moved and seconded that the chair- 


man be the nominating committee. 

Motion prevailed. 

The Chair :—I want to announce that the 
New York Edison Company has offered 
us the use of their assembly hall for a 
meeting place. The hall is No. 44 West 
27th street, and has been well fitted up for 
this purpose. I would suggest that we hold 
the next meeting on January 2nd, in the 
assembly room of the New York Edison 
Co., unless the committee shall advise some 
other place. The Secretary will send no- 
tices of this meeting in advance, and I 
would like to know whether all of you ex- 
pect to be present at that meeting. 

Member :—I would like to know whether 
it would be practical for the Committee 
to report what they think best to do be- 
fore the next meeting, so that the other 
members will have a chance to consider 
the matter. If members think that more 
time should be given to the subject, it 
seems to me that it would not be wise to 
act at that meeting; on the other hand, if 
the members think that the matter has been 
boiled down, we could act on it. 

Mr. Lansingh:—Why would it not be 
well for the committee to act as early as 
possible, get up a circular letter and let 
the members think it over; then we would 
be much better prepared to consider the - 
question than we would otherwise. 

A motion to this effect was made and 
seconded. 

The Chair :—It has been moved and sec- 
onded that a circular letter containing the 
results of the deliberations of the com- 
mittee be sent to the prospective members 
of the society in advance of the date of the 
next meeting. 

Motion prevailed. 

Mr. Page:—lIt is the desire of those pres- 
ent that as many people be brought to the 
next meeting as can be found who are in- 
terested in the formation of this society. 
Undoubtedly all of us know a great many 
men who would be very much interested 
and who would be glad to attend. 

Mr. Elliott:—I am also of the opinion 
that it would be very well indeed if every 
one present here this evening would send 
in a list to the Secretary, as soon as they 
can conveniently do so, of those they would 
like to have attend the next meeting. If 
they would send in the names of such, the 
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Secretary could then send them the report 
of the Committee on Organization, and 
they could be posted as to the object of the 
meeting. 

Mr. Page:—I might mention a number 
of men that have no time to devote to il- 
luminating engineering, but who are very 
much interested in it. As to whether you 
want a class of men who undoubtedly will 
never make a business, or profession, of 
illumination, I should say most decidedly, 
Yes. Mr. Williams told me this evening 
that he knew fifteen or twenty such men. 
I met a mechanical engineer this morning 
who expressed a great interest in the sub- 
ject and stated that he would like to come 
to the meeting and hear the discussion, 
etc. You would have no trouble in finding 
plenty of men who are interested. 

Mr. Lansingh:—I make the motion that 
everybody send a list of those people they 
want invited to the Secretary, and he send 
a letter to them asking them to be present 
at the next meeting. 

Motion seconded and prevailed. 

A committee of seven was appointed by 
the Chair, consisting of the following: V. 
R. Lansingh, Wilson S. Howell, E. L. El- 
liott, W. D. Weaver, E. C. Brown, W. S. 
Kellogg, L. B. Marks, chairman, ex officto. 

There being no further business to come 
before the meeting, it adjourned subject to 
the call of the Committee on Organization. 


THE MEETING OF JANUARY oth 


Pursuant to a call of the Committee on 
Organization a meeting to complete the 
formation of a society devoted to the 
Science and Art of Illumination assembled 
at the Hotel Astor on Wednesday evening, 
January toth. 

The meeting was called to order by the 
Chairman. 

The Secretary gave a verbal report of 
the proceedings of the last meeting. 

The Committee on Organization then re- 
ported the following Constitution and By- 
laws, which were taken up sereatim for 
discussion. 

Motion made and seconded that the 
Constitution and By-laws be adopted as 
read. Carried. 


Motion made and seconded that those 
who signify their intention of becoming 
members on or before the next regular 
meeting shall become charter members of 
the society. Carried. 

The Chair then announced that election 
of officers as provided by the Constitution 
was in order. 

Mr. L. B. Marks was nominated for Pre- 
sident. There being no other nominations, 
he was declared elected. 

The following names were put in nomina- 
tion for the office of Vice President: J. 
R. . Cravath, -E.-L. Elliott, -W: "S2 Kellogg, 
Co H& Sharp, andgAA cope 

Motion made and seconded that the So- 
ciety proceed to elect by ballot. Carried. 

Messrs, Codman and Kellogg were ap- 
pointed Tellers, who announced that A. 
A. Pope and C. H. Sharp had received re- 
spectively the highest number of votes, 
and they were declared elected Vice Pre- 
sidents. 

Mr. E. L. Elliott was*’nominated for 
Secretary. There being no other nomina- 
tions, he was declared elected. 

Mr. V. R. Lansingh was nominated for 
Treasurer. There being no other nomina- 
tions, he was declared elected. 

The following were put in nomination for 
the office of Manager: W. D’A. Ryan, W. 
S. Kellogg, Dr. A. H.<Ethott,-G. HeCod= 
man, J. R2 Gravath) We Dy sW eaver. Ju: 
Woodwell, J. Livingstone, H. C. Cushing, 
FAN Olcott, and E..Gs Brown 

Motion made and seconded that the So- 
ciety proceed to elect by ballot. Carried. 

The Tellers announced that the following 
had received the largest number of votes, 
and they were declared elected: W. D. 
Weaver, A. H. Elliott, W. Si Kellogg, kK: 
C. Brown, F. N. Olcott, and W. D’A,. Ryan. 

Motion made and seconded that the 
thanks of the Society be extended to the 
Hotel Astor for its courtesy in furnishing 
a meeting room for the use of the Society 
for the two meetings already held, and its 
kind offer of similar accommodations for 
future meetings. Unanimously carried. 

There being no further business to come 
before the meeting, adjournment was taken 
to Tuesday evening, February 13th, at the 
Hotel Astor. 
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CONSTITUTION 


PARCEL Er 


This organization shall be known as 
the [luminating Engineering Society. 


ARTICLE EI. 


The object of this society shall be 
the advancement and dissemination 
of theoretical and practical knowledge 
of the Science and Art of Illumination. 


AR TIGEE ITT 


SEc. I. Any person interested in 
the objects of the society shall be 
eligible to membership. 

Sec. 2. Any such person may be- 
come a member (Ist) by making ap- 
plication to, and receiving a majority 
vote of the council; (2d) by paying 
the dues provided for in the by-laws. 


pi EIGEN, 


SEc. I. The officers of this society 
shall consist of President, two Vice- 
Presidents, Secretary, Treasurer, and 
six Managers. 

Spe 22 i) he eresident-cshall--be 
eleeved S1Of vaeterm Of oneryear, and 
shall not be eligible for immediate re- 
election to the same office. The Sec- 
retary and the Treasurer shall be elect- 
ed for a term of one year. Vice-Presi- 
dents shall 'be elected for. a term of 
two years, except that at the first elec- 
tion: of the: Society; the. term of one 
vice-president shall be one year, the 
selection to be by lot. Managers shall 
be elected for a term of three years, 
except that at the first election of the 
Society the term of two Managers 
shall be one year, and of two Man- 
agers two years, the selection to be by 
lot. 


ALCLICILE ey. 


Sec. I. The general affairs of the 
Society shall be administered by a 
Council consisting of the officers of 
the Society. 

Sec. 2. The Council may delegate 
such powers as they see fit to an Ex- 
ecutive Committee, consisting of the 
President, Secretary and Treasurer of 
the Society, and two Managers select- 
ed by the Council. 

SEC. 3. Five members shall consti- 
tute a quorum of the Council, and 
three members shall constitute a quo- 
rum of the Executive Committee. 


ALG EES Vel: 


SEG Ie hei resitentmsualhpreside 
at all meetings of the Society, and per- 
form the duties usually devolving upon 
such an officer. 

Sec. 2. In the absence of the Presi- 
dent from any meeting of the Society, 
a Vice-President shall preside, and ex- 
ercise temporarily the duties of the 
President. 

Sec. 3. The Secretary shall keep a 
record of the minutes and proceedings 
of all meetings of the Society, carry 
on the general correspondence of the 
Society: under: the: direction of the 
Council, and perform such other duties 
as usually devolve upon such an officer. 

Sec. 4. The Treasurer shall receive 
all moneys belonging to the Society, 
disburse the same at the direction of 
the Council, and present a full state- 
ment of accounts at each annual meet- 


ing. 
Prop Me Pee Nabe 


The Secretary shall, at least 60 days 
previous to the annual meeting, send 
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to each member a blank form giving a 
list of officers that are to be elected; 
and each member shall be entitled to 
make a nomination for each office upon 
such blank, which is to be returned to 
the Secretary. These nominations 
shall be canvassed by the Council 30 
days prior to the annual meeting, and 
the persons receiving the largest num- 
ber of nominating votes respectively 
for each office shall be declared to be 
Members’ Nominees. The Council 
shall also put in nomination a candi- 
date for each office, chosen as it may 
see fit. Tickets giving both lists of 
nominees shall then be sent to each 
member three weeks prior to the elec- 
tion,- with instructions to vote for one 
nominee for each office. The nominee 
receiving the majority of votes shall be 
declared elected. The election shall 
take place at the annual meeting. 
Votes may be either in person at the 
meeting, by authorized proxy, or by a 
written ballot duly signed by the mem- 
ber and mailed to the Secretary before 
the annual meeting. 


ARTICLE VIII. 


Sec. 1. In case of a vacancy in the 
office of President, the senior Vice- 
President shall assume the Presidency 
for the remainder of the term. 

Src. 2.: Vacancies occurring in an 
office other than the Presidency shall 
be filled by the Council, a majority 
vote of the Council being necessary to 
elect. 

AOR LG PEt 


The annual meeting shall occur on 
the second Wednesday of January, un- 
less otherwise ordered by the Council. 


ARTICLE X. 


This Constitution can be amended 
only in the following manner: The 
proposed amendment must receive the 
approval of the majority of the Coun- 
cil, and a copy of such amendment so 
approved be mailed to each member 
of the Society at least thirty days be- 
fore the annual meeting, and receive a 
majority vote of the total number of 
votes cast for or against at such an- 
nual meeting. 


BY-LAWS 


ARIA 


Sec. 1. Regular meetings of the 
Society shall be held monthly, except 
during July, August and September, 
at a time and place to be decided by 
the Council. 

Sec. 2. Special meetings may be 
called by the Council, or on the written 
request of ten members of the Society. 
Notice of such meetings shall be sent 
out by the Secretary to all members 
at least fifteen days prior to the meet- 
ing, stating the time, place, and special 
object of such meeting. 


ART LCase 


Sec. 1. The annual dues, which 
shall include the initiation fee for the 
first year, shall be five dollars, payable 
in advance. 

Sec. 2. Any member in arrears six 
months for dues shall be informed by 
the Secretary that he is delinquent and 
can have no vote or voice in the affairs 
of the Society until the dues are paid. 
At the expiration of six months there- 
after if still in arrears, he shall be in- 
formed that membership will be for- 
feited if the dues are not paid within 
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two weeks. If the member continues 
delinquent the Council may drop him 
from membership. 


EUS AR ECAR ogee 


A Committee on Papers and Com- 
munications, consisting of five mem- 
bers, shall be appointed by the Coun- 
cil. It shall be the duty of this .com- 
mittee to examine all papers and com- 
munications that may be received for 
presentation to the Society, and return 
them to the Executive Committee with 
its recommendations. The committee 
shall have power to exclude or revise 
any paper before it is presented ; pro- 
vided, however, that in case the paper 
is revised a copy of the revision shall 
be submitted to the author in order 


that the author may decide whether or — 


not he wishes to present the paper as 
revised. All papers presented to the 
Society at a regular meeting shall be- 
come the property of the Society, 
which shall have the right to publish 
the same in any manner the Council 
may direct. 


ARTICLE LV 


Any member may be suspended or 
expelled from the Society for any 
cause deemed sufficient by seven mem- 
bers of the Council; but such charges 
must first be carefully and impartially 
investigated by the Council, who shall 
give reasonable opportunity for the ac- 
cused to put in a defense, and the 


Council shall then take such action as 
it deems proper. 


RPI C IER VG 


The order of business at regular 
meetings shall be as follows: 

(1st) Reading of the records of 
the previous meeting, and action there- 
on. 

(2d) Report of Council. 

(3d) Report of Committees. 

(4th) Reception of Communica- 
tions. 


(5th) Unfinished business. 

(6th) New business. 

(7th) Presentation of papers or 
addresses. 


(8th) General discussion of pa- 
pers. 
(oth) Adjournment. 


Ae hIGL EVE 


These By-laws may be amended at 
any meeting of the Society providing 
such amendment shall have been pre- 
sented at the two preceding regular 
meetings, and shall receive a majority 
vote of the members present at such 
meeting. 


ARTICLE WIT 


The deliberations of the Society 
shall be governed by the provisions of 
Cushing’s Manual, excepting in so far 
as they are provided for by the Con- 
stitution and By-laws. 
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REGULAR MEETING, HOTEL 
ASTOR, TUESDAY EVENING, 
FEBRUARY 13th 


Meeting called to order by the President. 

Motion made and seconded that the read- 
ing of the minutes of the last meeting be 
omitted: Carried. 

The President, as Chairman of the Coun- 
cil, reported that the services of Mr. Geo. H. 
Guy had been secured to act as Correspond- 
ing Secretary for a period of six months. 

Dr. C. H. Sharp reported that the Com- 
mittee on Papers had secured papers on the 
following subjects for the next meeting: 

The Luminous Arc Lamp, by E. L. EI- 
liott. 

The Inverted Gas Burner, by Victor Ret- 
tich. 

Illuminating Engineering from the Ar- 
chitect’s Standpoint, by W. S. Kellogg. 

Mr. Codman asked for information in 
regard to thé policy of the Society as to 
branches in other cities. On motion duly 
made and carried the matter was referred 
tothe Council to. report at the next meet. 
ing. 
The President then read an inaugural 
address which was followed by a discus- 
sion as hereinafter reported. 


My first word to the members of the II- 
luminating Engineering Society is one of 
thanks. I am deeply appreciative of the 
honor you have conferred on me in electing 
me to the office of President during this, the 
first year of the Society’s existence, and 
shall earnestly endeavor to do my full share 
in the work that we have set out to accom- 
plish. 

The movement to bring about the forma- 
tion of this Society was started only a few 
months ago. The proceedings of the pre- 
liminary meeting which was held on De- 
cember 21, 1905, and of the meeting of or- 
ganization which took place January Io, 
1906, will soon be published. I need, there- 
fore, not enter into the details of the dis- 
cussion that was held at these meetings 
further than to say that the opinion of those 
who attended was practically unanimous 
that the time was ripe for the formation 
of a separate society devoted to the ad- 
vaincement of the science and art of illu- 
mination. The interest taken in the cause 


trom the start has been most keen and the 
tact that in the course of a month over 150 
members have been enrolled and that ap- 
plicatrons for. membership are coming in 
daily unsolicited from various parts of the 
country, is evidence that there is an urgent 


demand, I might even say a thirst for the 


information which it is believed this So- 
ciety will be the means of disseminating. 
The present membership is_ distributed 
among gas and electrical engineers, archi- 
tects, fixture designers, and various inter- 
ests connected with the production of light- 
ing auxiliaries. 


PRESENT STATE OF THE SCIENCE AND ART OF 


ILLUMINATION. 


Applying the term illumination to the 
usé, in contra-distinction to the production 
of light, it may be truly said that while 
great strides have been made in recent 
years in the development of almost every 
detail concerned with the production of 
light, illumination, particularly from an 
economical standpoint has been sadly neg- 
lected. 

Broadly speaking, the electrical engineer 
has concerned himself with improving the 
efficiency of the generating apparatus and 
cutting down losses in the transmission of 
power, but when his wires reach the point 
at which the electric current is to be trans- 
formed into light, his engineering skill has 
not as a rule been applied. Similarly the 
gas engineer has been busy with questions 
involved in the manufacture and distribu- 
tion of gas while the problem of obtaining 
the maximum value or most effective use 
of the illumination delivered at the burners 
has been relegated to a secondary position. 

So far as interior illumination is con- 
cerned the lighting lavout has been left 
largely to the architect. It is he who 
usually prescribes the number and location 
of outlets for the light sources, specifies the 
number and candle-power of the lamps and 
designs or selects the lighting fixtures and 
accessories. Very often these specifications 
are completed before the color scheme of 
the interior has been decided upon, with 
the result that the degree of illumination 
obtained’ may fall far short of “what “is 
needed in cases of dark-colored interiors 
or be excessive in the case of light tinted 
rooms. 
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The natural tendency of the architect is 
to make the economical side of illumina- 
tion subservient to the esthetic, while on 
the other hand the tendency of the en- 
gineer is to consider only the question of 
economy. It is an encouraging sign of the 
times that the architect and the engineer 
are gradually drawing closer together in 
dealing with problems involving both the 
scientific and the artistic side of illumina- 
tion. 

Though much attention has recently been 
given to the subject of globes, shades and 
reflectors, the fact still remains that un- 
shaded or inadequately shaded lamps are 
the rule. rather than the exception. | In 
considering the present status of the science 
and art of illumination there is perhaps no 
question that is in need of more immediate 
attention. than this one;«>The practice of 
placing lights of excessive intrinsic bright- 
ness within the ordinary field of vision is 
so common as to cause great apprehension 
among those who have studied the question 
from a physiological point of view that 
our eyesight is suffering permanent injury. 
That the percentage of children with detfec- 
tive eyesight is growing year by year, is a 
well-known fact. According to oculists the 
strain on the eye caused by bright lights is 
in a large measure responsible for this con- 
dition. Those who have been subjected to 
the painful glare of the bare lamps used 
for illuminating our electric cars will at- 
test to the visual discomfort caused by the 
subjection of the eye to an _ unshielded 
source of light even as small as a 16-cp. 
lamp. 

Much of the trouble due to this cause 
would be removed if the light sources were 
concealed and the illuminating power from 
them derived from reflected rather than 
from direct ravs. Happily the tendency ot 
modern illumination is in this direction. 

From an economical standpoint the <or- 
rect disposition of the light sources and the 
use of the most suitable reflectors are of 
commanding importance. It is not uncom- 
mon to find instances in which adequate 
consideration of these two questions would 
result in largely increasing and often more 
than doubling the useful illumination. 

Both electric and gas supply companies 
are alert to this situation and are now 
giving these questions more serious con- 


-illuminants with 


sideration than ever before. The far-sighted 
manager of the supply company sees that it 
is to his ultimate advantage to assist the 
consumer in obtaining the very best illu- 
mination of his premises at the least expen- 
diture of money for electricity or gas. In 
view of the above it is extremely desirable 
that complete and authoritative data be ob- 
tained as to the amount and character of 
illumination best suited for individual con- 
ditions. At: the- present time there isa 
lack of really valuable up-to-date informa- 
tion: on this: subject, at least so far as 
published records go; moreover much of 
the information that is available is widely 
scattered and often inaccessible. 

The performance of lamps for street 
lighting and illumination of large open 
spaces has not been adequately recorded in 
papers bearing on this phase of the science 
of illumination. In view of the lack of 
complete data on this subject there is a 
wide difference of opinion to-day as to 
which of several illuminants is best suited 
for certain cases of street and country road 
lighting, illumination and economy being 
considered. 

The progress of invention in lamps and 
lighting apparatus has been so rapid that 
engineers have found it difficult to keep 
abreast of the times in the question of il- 
lumination. Only a comparatively few years 
ago the carbon filament incandescent elec- 
tric lamp, the arc lamp (open or enclosed) 
and the ordinary gas flame were the only 
which we had to deal. 
To-day we have besides these among elec- 
tric lamps, the incandescent lamp of the 
Nernst type; the mercury arc of the Cooper 
Hewitt type, the vacuum tube lamp of the 
Moore type, the impregnated carbon or 
“flame” arcs, the magnetite arc, and others; 
and among the gas and oil lamps, the man- 
tle burner lamps of the Welsbach and other 
types, the oil lamps with forced air draught, 
the acetylene flame, and several others. The 
amount of light and especially of electric 
light used in the United States has grown 
by leaps and bounds. The consumption of 
gas for illuminating purposes has algo 
largely increased, the introduction of the 
mantle burner having given a great stimu- 
lus to the gas lighting industry. The place 
of the acetylene light has been firmly 
established and the extended introduction 
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of acetylene plants in the past few years 
is worthy of special note. The approxi- 
mate amount of money that is spent by the 
consumer annually in the United States 
for illumination by electric light, gas and 
oil is as follows: 


APPROXIMATE COST OF ILLUMINATION TO THE CONSUMER PER ANNUM 
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AIMS AND OBJECTS OF THE SOCIETY. 

It is one of the aims of this Society to 
assist in remedying the conditions just re- 
ferred to, to point out in what way the 
best illuminating result may be obtained 
from any source of light, be it electric, gas, 


IN THE UNITED 


STATES.* ( 1905.) 


Hlectric mie ht cs cewiey tector att hea ee ate ote 
Goal ands water seagate 7 ae coe aren a 
INCU ral eo as tag cere nae ta oe eae eee ee ene 
INCeLy LENG S2. tess. oe cso OSes ee eee 
Oil oss 


At a conservative estimate the consumer 
is spending a total over $200,000,000 a ‘year 
for lighting in the United States. Of this 
amount I venture to say that fully $20,000,- 
000 are wasted—absolutely wasted, so far 
as the amount of useful illumination de- 
livered for the the money is concerned. No 
one who has made a study of the subject 
can fail to see glaring examples of this 
waste at every hand. It is not at all un- 
common to find in electric lighting that 25 
per cent. of the light that is furnished is 
lost so far as any useful purpose is con- 
cerned, by reason of improper disposition 
of the light sources or unsuitable equipment 
of lamps, globes, shades or reflectors. In 
gas lighting though the- conditions are 
quite different, the same criticism in a 
measure hoids true. 


Between $100,000,000 and $120,000,000 
35,000,000 i 40,000,000 
“4 1,700,000 
= 2,500,000 % 3,000,000 
60,000,000 ae 


oil, or candle. With this object in view the 
theoretical and the practical side of light- 
ing will be given full consideration and the 
zsthetics of the question studied along- 
side of the economics. The Society will 
aim to gather into its fold the various in- 
terests that are identified with the develop- 
ment of the science and art of illumination 
in all its phases. The specialist in illumi- 
nation, the electrical engineer, the gas en- 
gineer, the architect, the designer of elec- 
tric and gas fixtures, globes and reflectors, 
and the decorator will meet on common 
ground to discuss the question of illumina- 
tion from all standpoints. The views not 
only of the engineer but for the practi- 
tioner will be courted. The keynote of the 
organization will be co-operation in aJl that 
makes for the good of the cause. 





*In the U. S. Census Report on Cen- 
tral Electric Light and Power Stations is- 
sued 1905, IT. C. Martin gives the follow- 
ing data: Income derived from central 
stations in United States for year 1902 for 
sale of current for electric lighting, $70,- 
138,147, of which $25,481,045 are for arc 
lighting and $44,657,102 for incandescent 
lighting. The number of arc lamps reported 
is. 419,561. The number of incandescent 
lamps, 18,194,044. In addition to the above 
I estimate that there are about 300,000 arc 
lamps in use in isolated plants. On the 
basis of 3% hours per day, or 1,100 hours 
per year average use per arc at an average 
cost of 3 cents per lamp-hour, the cost of 
lighting per annum by arcs in_ isolated 
plants would amount to $24,000,000. 

Of the 45,000,000 or more incandescent 
lamps sold in the United States in 1905 it 
is estimated that about 70 per cent, or 3I1,- 
500,000, were 16-cp. lamps; about 7 per 
cent., or 3,150,000 more than 16 candle- 
power and the balance less than 16 candle- 
power. On the basis of the data submitted 
in the Census Report above referred to, I 
compute that there were in service last 





year in isolated plants about the equivalent 
of 20,000,000 16-cp lamps. At I 1/3 hours 
a day, or about 400 hours per year average 
use per lamp, at an average cost of 3/10 of 
cent per lamp hour, the cost of lighting per 
annum by incandescent lamps in isolated 
plants would amount to $24,000,000. 

According to the Census Bulletin on 
Manufactures issued January 3, I902, the 
value of coal and water gas manufactured 
in the United States in the year I900 was 
$69,432,582. The proportion of fuel gas to 
illuminating gas is not stated in the Report, 
but is estimated.at> about 50 per cent. In 
the Census Report on natural gas, the value 
of natural gas produced during the year 
1902 in the United States is given at $30,- 
867,863. Only a very small percentage of 
the total consumption was used for lighting 
purposes. According to H. L. Doherty the 
value of natural gas used for illuminating 
purposes during the year 1905 did not ex- 
ceed $1,700,000. The figures for acetylene 
gas were estimated from data received from 
the Union Carbide Co. The figure for oil 
was obtained from the statistical depart- 
ment of the Standard Oil Co. 
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The Society will undertake to gather 
authoritative data on the subject of illumi- 
nation and render it readily accessible to 
those interested. It will hold monthly 
meetings during the year 1906, except in 
the months of July, August and September. 
At these meetings papers dealing with all 
sides of the question of lighting will be 
read and discussed. These papers and the 
discussions thereon, together with reports 
of special committees and data collected, 
will be published in the Transactions of the 
Society and distributed among the members. 

SCOPE OF THE SOCIETY. 

- The term “engineering,” as used in the 
name of this Society, unless viewed in its 
broad sense, is to a certain extent a mis- 
nomer, as the Society will deal with some 


phases of illumination that may not prop- 


erly be said to come within the distinct 
field of engineering, such for instance as 
the physiological side of the question. The 
Society will be interested in every phase 
of the subject of illumination whether from 
an engineering point of view or otherwise, 
and will throw its doors quite as wide open 
to the layman as to the professional. It 
will not, however, deal with questions re- 
lating to the production or distribution of 
the energy from which the light is pro- 
duced. 

The question of candle-power rating and 
of nomenclature will receive the attention 
of the Society. At the present time it 
must be confessed that the rating of lamps 
often ieads to a great deal of confusion. 
Some lamps are rated on the basis of hor- 
izontal candle-power; some according to 
the downward candle-power and some ac- 
cording to other standards. The Society 
will endeavor to assist in bringing about 
a uniformity of candle-power ratings and 
the general acceptance of certain nomen- 
clature. 

Irom what has preceded it will be seen 
that the scope of the work to be performed 
bv the Society is broad. The Committee on 
Papers has suggested-a number of subjects 
on which papers will be written for pre- 
sentation before the Society. Among these 
are “Principles of Interior [Ilumination with 
Special Reference to Cost, Color of Light 
and Physiological Effects”; “Street Light- 
ing,” “Illumination Data,” “Lighting with 
Special Reference to Ventilation,” “Light- 


ing with Special Reference to Distribution,” 
‘“Tllumination from the Architect’s Stand- 
point,” “Aesthetics vs. Utilitarianism in the 
Design of Fixtures, Globes, Shades and Re- 
flectors,”’ “The ‘Flame’ Arc,” “The Inver- 
ted Gas Mantle Burner,” “Vacuum Tube 
Lighting,” “Oil Burners,’ “Acetylene 
Lamps,” “New © Illuminants,” “Candle 
Power Rating of Illuminants.” 

One feature of the work of the Society 
will be the consideration of special cases 
of lighting as, for instance, the proper il- 
lumination of the assembly hall or audito- 
rium, of the library, of the drawing room, 
of the factory, of the store, of the show 
window. The degree of illumination best 
suited to the individual conditions will 
form the basis of an investigation to be 
made at the instance of the Society. Be- 
sides the subjects mentioned above there 
are many others which need not be enum- 
erated here that come within the scope of 
the Society. 


RELATION OF THE SOCIETY TO OTHER ORGAN- 
IZATIONS., 


While the general subject of illumina- 
ting engineering comes within the pur- 
view of several other organizations, such 
as the American Institute of Electrical En- 
gineers, the American Gas Light Associa- 
tion and the National Electric Light Asso- 
ciation, the special field of work that has 
been mapped out for the Illuminating En- 
gineering Society, as has already been sta- 
ted, the electrical engineer, the gas engi- 
neer, the architect, the fixture maker and the 
decorator will meet on common ground. 
The work of each of these interests in the 
Society will be concentrated on the subject 
of illumination. By such specialization the 
advancement of the art can best be fur- 
thered. Illumination is. but a very small 
part of the field that must be covered by 
the American Institute of Electrical En- 
gineers. The American Gas Light Asso- 
ciation and the National Electric Light As- 
sociation are both concerned largely with 
questions of generation and distribution, 
rather than utilization of the light produced. 
These latter societies meet only once a 
year. To adequately cover the ground and 
keep abreast of the times a society devoted 
to the advancement of the science and art 
of illumination must meet frequently. 
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The Illuminating Engineering Society is 
in no sense antagonistic to other organiza- 
tions that have to do with lighting. On the 
contrary, the Society aims to co-operate 
with such organizations to secure the best 
interests of all concerned. 


DISecUsSslON: 


Dr. C. H. Sharp, of the Electrical Testing 
Laboratories : 

Mr. President and Gentlemen:—The 
President’s address has indicated to us 
some of the lines of important work with 
which a society of this character can deal. 
There is no doubt about the great impor- 
tance of these things. The President has 
pointed out the monetary value of the mate- 
rial which is used in this country for the 
production of light. It is very great, and 
it is very important that the final product, 
which is the light, or more specifically, the 
illumination, should be used to the best 
advantage. The electrical engineers and 
the gas engineers have been actively en- 
gaged for years in an endeavor to carry 
the economic refinements in the production 
of electricity and gas to the farthest point. 
In a remarkable paper which many of 
us listened to a few nights ago at the 
meeting of the American Institute of Elec- 
trical Engineers, Mr. Stott pointed out the 
possible improvements in economy which 
were in sight in the production of electric 
current, and I think that the striking 
thought of Mr. Stott’s conclusion was the 
small percentage of gain which could be 
expected by the introduction of refinements 
in the production of electricity along the 
lines which are at present being pursued; 
that is to say, with the use of large steam- 
driven units. The gain which could be ex- 
pected by the use of better boiler econo- 
mies and the use of high superheat is a 
small one, but by making radical changes in 
the prime mover used in the production of 
electric current, larger gains can be made. 
But we have right at hand means by which 
more considerable gains in the results 
achieved can be attained by the manipula- 
tion of the light which is produced by this 
current. The electrical engineer goes to 
great lengths to gain a small percentage in 
the economy of his boiler, engines, genera- 
tors end transmitting system; the illu.ni- 
nating engineer has a problem which in 


many ways is far easier, because he can 
take the bad conditions which prevail at 
the present time and can produce a much 
more considerable betterment in results 
than lies within the easy reach of the elec- 
trical engineer. So many instances of bad 
management in the utilization of light are 
presented to us that it need hardly be more 
than pointed out, that it is possible to 
gain more considerable economies, and these 
economies are quite as useful as the addi- 
tional economies which are to be attained 
in the generating plant. 

It is to these matters that this society 
is to give its attention, and there is no 
doubt that the work is of very great im- 
portance and that it has been very sadly 
neglected in the past. In speaking further 
of the economical side of the question, we 
must remember that we are by no means 
ac the ultimate point in the economy in the 
production of light. The newer illuminants 
which are now being presented to us, or 
which are promised to us, in themselves will 
result in economies which are greater than 
can reasonably be hoped for inthe generat- 
ing plant. The change, for instance, which 
is perhaps in sight, from a standard incan- 
descent lamp using 3.10 watts per candle to 
a lamp using 2.5 watts per candle, repre- 
sents an enormous percentage of gain in 
the economy of the production of light; 
and it is to such matters as these that the 
Illuminating Engineering Society can give 
its attention. 

As the President has pointed out, a good 
many classes of workers are and should be 
represented in this society. Some of us are 
interested in the questions of the best 
handling of light-sources to produce the 
results which are desired. Others are inter- 
ested in the accessories, in the manufacture 
and sale of accessories which will aid in 
the production of better illumination, or of 
more artistic effects; others are concerned 
with the fixtures by which the lamps are 
supported and which are very important in 
producing the result. The architects who 
have membership here have also a wide 
field for their consideration in the question 
of the distribution of illumination and illu- 
minants so as to produce the best effect in 
accordance with their ideas. Some of us 
are interested in the more abstruse ques- 
tions of the measurement of light, and of 
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the proper rating of the sources of light, a 
rating which shall be rational and which 
will indicate at once something about what 
the source of light will actually perform. 
We are interested in the subject of nomen- 
clature of the system of units to be adopted, 
and the name to be given them. For in- 
stance, we find that in the decimal system 
as it is used in Europe, a very good system 
of units has been worked out for the meas- 
urement of intensity of the source of light, 
intensity of illumination, total flux of light, 
total quantity of light produced, ete. 
Names have been given to these units and 
the matter has been put on a thoroughly 
satisfactory basis. In this country we can- 
not say that we have attained that point, 
and there is a field for very great useful- 
ness on the part of this society in securing 
the adoption of a rational system of units 
and suitable names for them. We find 
illumination measured in this country in 
“candle-feet,”  ‘‘feet-candles,” “candles- 
foot,’ and several other things. The situa- 
tion is not a good one. We ought to have 
a unit of illumination and we ought to have 
a name for it, and it ought not to be a 
name which has three or four different plu- 
rals. There ought to be a name which in- 
dicates one thing and which is convenient 
and easy to use, and which gives in itself 
an idea of what we are talking about. 

I think it is a matter of congratulation 
that this society has numbered in its mem- 
bership so many representative men of all 
the interests involved, and I think it is a 
matter of particular congratulation that we 
‘can attract the attention and elicit the co- 
operation and support of men of the type of 
Prof. Nichols, who has probably done more 
in the way of the scientific study of sources 
of light: and. in the way of blazing a trail 
into the unknown which is beyond us, in 
the way of the production of more efficient 
sources of light, than any other man, and 
we should be very glad indeed that we can 
get such men as members. I hope that this 
society will prove of very great usefuluness 
to all concerned. 

Dr. Arthur H. Elliott, of the Consolidat- 
ed Gas Company, New York: 

Mr. Chairman and Gentlemen :—In think- 
ing over your President’s address, which 
covers so wide a range, the first thing that 
strikes me is the need of workers. We 


are organized for a purpose, but a little 
bunch of a half dozen cannot do all the 
work. Each man should consider himself 
a committee of one to do his share, either 
by presenting a paper at the meetings, or 
taking part in the discussion. As a gas 
man, I would call the attention of the 
President to some of his figures with re- 
gard to gas. I am not willing to admit that 
the gas man has only $35,000,c00 or $40,- 
000,000 interest in this lighting business. 
Now, I may be a little touchy on this ques- 
tion, but I think we are pretty nearly up 
to the electric light man when you talk 
about money matters. We may not light 
so many streets, we may not have so many 
lamps on Broadway, but when you take 
into consideration the large cities which are 
still very generally lighted with gas, I think 
your figures, Mr. President, are somewhat 
small; but it simply shows to what a large 
extent, to what important money values this 
lighting question goes. 

I heard a gentleman say one evening here, 
at one of the early meetings, that he be- 
lieved about half the energy they were put- 
ting out on Broadway was wasted; I mean 
the electrical energy. I am not prepared 
to admit that the gas men are losing as 
much as that, but I will say they are losing 
a very large proportion. I think as a rule 
that the average householder is getting 
about two-thirds of the light value out of 
his gas that he ought to, and I do not 
think I am exaggerating it one bit; in 
other words, there is a field for education 
here among men who are interested in this 
light question that is just as important in 
the line of gas as it is in the line of elec- 
tricity. It is extremely important to induce 
people to put in good burners, to have the 
burners properly distributed in the house, 
and not only that, but to take reasonable 
care of them. One of our good members 
to-night said he thought that was a hope 
less task, but I think these things are not 
entirely hopeless.. I can remember the 
early time when it was said that it would 
be a hopeless task to teach anybody to cook 
witi,gas.- Our. good friend; Mr. Clark, 
who js here, will tell you it is not any. longer 
a hopeless task to keep his staff busy in 
selling heating and cooking appliances, so 
that you must not be discouraged with the 
idea that it is hard to make people with 
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average intelligence understand these ques- 
tions; it can be accomplished by constant 
hammering, and this little band of workers 
here can readily do it. 

‘There were one or two other interesting 
questions touched upon by our worthy 
President, and one was the physiological 
question. That is more important than 
you think. I remember in the early days 
when the Edison and the Brush Compa- 
nies were flooding our streets with lights, 
that they were away up on big poles, and 
you had to turn your heads up in the air to 
see the lights. When the Edison and 
Brush Companies started, the New York 
gas companies’ stock ran away down. Some 
one told me it was worth $50, par value 
$100. The Edison and Brush stock was 
$500 or $1,000. Everybody got scared—that 
is, those in the gas business; but mark what 
happened. These gentlemen flooded our 
streets with light. The people went around 
New York at night and saw these bright 
lights, and on going home they began to 
growl at the gas companies for giving such 
poor light, and they lit more burners. What 
was the result? In two years, instead of 
losing ground, we gained 18 per cent. or 
our output, not from anything we had done, 
but from the physiological effect of these 
bright lights on the eyes. The people 
sought more light in their homes. You can 
hardly satisfy them now in their demand 
for light. Look at Broadway, between 
34th street and this hotel—there is no street 
in the world which has so much light on it 
at night. That affects your eyes; you go 
home and are not any longer satisfied with 
the gas we give. You want us to give you 
better gas. New York City is lighted by 
the best gas in the world; I refer to the 
cand!e-power of the gas. London has 16 or 
17 candle-power gas, Berlin the same, Glas- 
gow perhaps about 20, while New York has 
full 25. These tects are curious and inter- 
esting things for this society to study. We 
want some of the doctors and oculists to 
tackle these important questions, which are 
questions for this society to handle; we 
want the workers, and if we can get our 
members to join hands in this work, we will 
make progress and amount to something as 
a society. 

Now, as to the laws of light in decora- 
tions. Iam going to touch but lightly on the 


architectural point. You will go, as I do, 
into the house of a friend, and you will find 
in his library, in addition to having his 
walls stacked with bookcases, that he will 
have his library ceiling brown or some 
other horrible color that will suck up all 
the light. While it is not necessary to make 
the ceiling absolutely of white, it is cer- 
tainly of no use to have it of a color that 
absorbs all the light. These are important 
questions which suggest themselves to my 
mind, and I am sure there is plenty of 
work along these lines for the various mem- 
bers of this society. 

Mr. Arthur Williams, The New York 
Edison Company: 

With Dr. Elliott I am inclined to disagree 
with our President’s figures of $200,000,000, 
as representing the cost of illumination in 
this country. My opinion is that the cost is 
more nearly twice this sum. But this only 
emphasizes the importance of the work of 
the society. 

Dr. Elliott referred to a remark made at 
the last meeting regarding the light wasted 
on Broadway. The society should not go 
astray at the beginning regarding this illu- 
mination. Its purpose is advertising, and it 
should, therefore, be viewed from that 
standpoint rather than from the standpoint 
of mere illumination. The percentage wast- 
ed is not so great as might be supposed. 
The lamps are of low candle power, but 
behind each is a fairly efficient reflector in 
the white surface of the sign. Possibly 
many may think that higher candle powers 
are used. 

Lighting engineering as a profession un-- 
doubtedly includes the production of light- 
ing effects through the medium of signs. 
These signs perform a double service—they 
tell a story or convey a message to the pass- 
ing public, and at the same time give bril- 
liant illumination. The best way to pro- 
duce the advertising result desired is to 
have a bright white light, which, while fix- 
ing one’s attention, also leaves a pleasant 
impression. It was with this end in view 
that the sign illumination of Broadway has 
been developed. And so interesting, pleas- 
ant and striking has it now become that a 
walk through that thoroughfare is almost 
equa] to a night at the Opera, or an evening 
at almost any one of New York’s plays. In 
addition to the individual benefit derived 
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from these signs, there is a very material 
neighborhood benefit. ea ee, 

Dr. Elliott has referred to the earlier his- 
tory of municipal lighting in New York 
City by the Edison and Brush Companies. 
He is apparently of the opinion that the 
Edison Company stuck its lamps on high 
poles high up in the air. But it did not. 
Following the example of the illustrious 
man, whose name the company bears, in this 
matter the company started right. It will 
be remembered that in all of Mr. Edison’s 
original work we have that which is best in 
the engineering practice of the present day. 
The original station contained a direct-con- 
nected unit; the water tube boilers; current 
was supplied by an underground system of 
mains and feeders, and eventually passed 
through a meter upon the customer’s premi- 
ses. Likewise, in the matter of municipal 
lighting, which was started only after the 
subject was carefully studied here and 
abroad, the lamps were turned down, and 
were placed reasonably near the sidewalk 
and roadway. 

The first street illumination of the Edi- 
son Company was the lighting of Fifth 
avenue at the time of the Columbian cele- 
bration. And with the exception of a very 
few streets in the larger cities of the world 
it was then, and remains to-day, a strikingly 
successful. example of municipal illumina- 
tion. But one radical change has been 
made—the substitution of enclosed for open 
arc lamps. 

When our President first spoke of the 
organization of this society, it seemed to 
me that there existed a genuine need for 
it. The opinion I then had to give was 
most favorable to the undertaking, and it 
has been strengthened, rather than modi- 
fied, since that time. I think there is no 
field in which we can specialize in connec- 
tion with the electric light and gas industry 
that has been. so completely neglected as 
that of the lighting engineer. There are 
seven or eight available methods of illumi- 
nation, but it is not easy to show which is 
best for a given purpose. If one should 
ask about photography—as one of many 
illustrations—whether it would be better to 
use the Mercury, Nernst, or the ordinary 
arc or incandescent lamp, we could say that 
any one of these could be used successfully, 
but which one most successfully very few 


could say with any degree of accuracy. Then 
there are the methods available for using 
light. Shall it be obtained from wall brack- 
ets or ceiling fixtures, or from a concealed 
source; how should show windows and 
show cases be lighted; what is the best 
method for illuminating department stores 
of large areas? These are all practical, 
everyday questions, which I hope the mem- 
bership of this society shall soon be better 
fitted to satisfactorily solve than we are at 
the present moment. 

Then again, there are questions of quan- 
tity. Some days ago an engineer stated 
that he had succeeded in equipping a build- 
ing so as to illuminate it perfectly at an 
expenditure of 3 watts per square foot of 
floor space. There are so many divergent 
factors entering into the question that the 
figures perhaps convey little of the real 
meaning, but you can discern the trend of 
his mind. 

The field of the society is national in its 
scope. And it has occurred to me that 
diplomas or certificates of membership 
should be issued to the members, which 
would become as much of a professional 
asset as the similar certificate of member- 
ship in the American or English Institute 
of Electrical Engineers. 

The President:—There has been some 
difference of opinion as to the accuracy of 
the statistics in my address. I think a few 
words from Mr. T. C. Martin, who got up 
the 1905 report for the U. S. Census on 
electric light, will be in order. 

Mri td.-:C.> Martin,’ Editor, Electrical 
W orld :— 

Mr. President and Gentlemen :—I esteem 
it a very great honor to find that in the first 
paper presented before this new body, my 
name quoted as that of an authority on the 
subiect of illumination. JI am very glad 
indeed that you connected my name with 
the electric light statistics specifically. I 
think from the data that I had the privi- 
lege of collecting for the Government over 
two years ago, and applying a rational basis 
of percentage of increase to those figures, 
the figures for electric light which you give 
in your paper are extremely safe and con- 
servative. I am not inclined to agree at all 
with my friend, Mr. Arthur Williams, who 
considers that there would be some $50,- 
an0,oco ar $75,000,000 more. We must not 
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forget that on account of the reduction in 
the price of current made by the New York 
Edison Company, the figures of New York 
City have taken an enormous jump, so I 
believe New York City shows an increase 
in the consumption of current during the 
past year of something like 20 per cent. 
Certainly the whole country does not show 
during the last two years anything like an 
increase of 20 per cent. in the use of elec- 
tricity as applied to illumination, and I am 
glad to confirm the President’s statistics 
in that respect as being near to the facts. 
In regard to gas, I think it is an understate- 
ment rather than an exact statement, but I 
believe Mr. Marks has investigated this 
subject in the last month or two with a 
great. deal of care, far: more care than I 
have been able to apply, and until some 
one like my friend Brown can produce evi- 
dence to the contrary, I shall have to as- 
sume that the figures given for gas are not 


much higher than were given in the paper. | 


I think the figures of five or six cities 
would show that the gas figures are low. 

But we are all agreed that this is a tre- 
mendously important subject, important to 
the public and the technical community, 
certainly important to you gentlemen who 
once again have gone out from the mother 
land, and who are creating a new State 
out on the border line, an Oklahoma or 
New Mexico in the technical field, as we 
electrical engineers did in 1884, when our 
friends of the Civil Engineers and some of 
the Mechanical Engineers rather decried 
our enterprise, our rashness, and our en- 
thusiasm and suggested that we should 
stay within the old lines. There is no 
doubt that your work is as clearly defined 
and as well cut, and awaits you as much as 
the work of the electrical engineers did 
when we started our Institute twenty-one 
years ago. 

Reminiscences appear to go to-night, and 
it is of interest for me to say that one of 
the most intimate bonds of connection be- 
tween gas engineers and electrical engineers 
in connection with your work was a gas en- 
gineer, who was one of the best friends 
electrical engineering ever had—I refer to 
Luther Stieringer, God bless his memory! 
He was the first man who taught me there 
was anything like an illuminating engineer, 
and the incident goes back twenty years. 


When we remember 
the work he did 


Mr. Stieringer did 
in the gas field, and 
then came into the electrical field, and 
taught us the best things we know, I 
think we should recognize how much we 
owe him. P fove’ to think that-“one “ot 
the most beautiful memories which Mr. 
Stieringer left behind him was the spectacle 
at Buffalo, of the lighting of the Pan-Amer- 
ican Exposition, a piece of illuminating en- 
gineering which to-day they would find 
hard to surpass anywhere on the face of 
the earth. Mr. Edison, who was discussing 
one evening how the effects at the Pan- 
American Exposition were produced, said 
that he could take the carbon filaments 
that were employed to do that lighting and 
put them in his derby hat and have room 
for a few more. If there is such a thing as 
remembering those who have passed away 
I should be glad to see the name of Luther 
Stieringer inscribed on the rolls of this 
new society, as one who ranked first and 
foremost as an illuminating engineer. 

The aspect of this question and problem 
has been touched upon from various stand- 
ards. There are just two that are in my 
mind. The society has gone out for itself, 
to treat the problems which confront it up- 
on its own lines, but I would suggest you 
keep close to the older societies. Our mem- 
bers should seize every opportunity to pre- 
sent papers in the other bodies when they 
meet. In regard to the National Electric 
Light Association, I am sure I voice the 
ideas of Mr. Williams, who is a vice-presi- 
dent of that association, that nothing would 
be more acceptable to that association than 
a few papers from the members of this soci- 
ety showing how to improve the product, 
as to its distribution and utilization. The 
next point is the difficulty you will have in 
bringing certain professions ‘into line. I 
can only speak of my own experience in 
connection with two buildings, both of them 
large buildings, worthy of this great city 
of colossal edifices. In each case I have 
endeavored to secure the employment of the 
services of an illuminating engineer, and in 
each case I have found myself up against a 
stone wall, I will not say of the apathy or 
the prejudice, but the inertness of the archi- 
tect. It was practically impossible to per- 
suade the architect that he needed the 
services which the membership of this soci- 
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ety would afford. There is a great oppor- 
tunity for educational work, and knowing 
the liries of least resistance we want to 
follow up the lines of greatest resistance, 
and do all of our missionary work in those 
directions. 

Mr. Arthur Williams: Pardon me, Mr. 
President, for speaking again, but I should 
not like the impression to go abroad that my 
figures upon the cost of lighting for the 
country were merely guessed at. They 
were reached having in mind that the City 
of New York alone expends about $25,000,- 
ooo annually for gas, leaving a little under 
$12,000,000 for the country at large. 

Mr. Martin: Not for illumination. 

Mr. Williams:—I am giving simply the 
basis of my calculations—I understand, of 
course, that the costs of heating and cook- 
ing are included. -I have also in mind that 
the expenditure for gas has been very 
similar to the cost of electric light. Then 
again, we must remember the cost of oper- 
ating the private plants in this country—a 
cost which is of course much higher rela- 
tively than the corresponding price for cur- 
rent bought from the central stations. 

I wish we might consider seriously the 
suggestion of Mr. Martin, seconded by Mr. 
Brown, regarding the work of Mr. Stierin- 
ger. It was my privilege to contrast Mr. 
Stieringer’s work at Buffalo with the light- 
ing effects produced at the Berlin and Glas- 
gow Expositions during the same year. Mr. 
Stieringer’s work did not suffer by the con- 
trast. Many claim that the success of the 
Buffalo Exposition was contributed to more 
largely by the lighting effects produced by 
Mr. Stieringer than by any other single 
agency. 


In addition to Buffalo, Mr. Stieringer, I - 


believe, also planned the lighting effects of 
the Omaha Exposition. I do not know about 
Chicago. He was also engaged as the 
lighting engineer upon one of the new 
theatres of New York—the first one, so 
far as I know to hold such a position. I 
trust that some way may be found in 
which the memory of Mr. Stieringer may be 
perpetuated in this lighting field. 

Prof. C. F. Chandler, Columbia Univer- 
sity, New York.—Mr. President and Gentle- 
men: I wish to say I am rather overwhelmed 
by the various problems your President and 
the other speakers have laid out for the 


future. As I listened to these various re- 
marks, my mind went back to a time when 
no one knew anything about electric light- 
ing and gas was a new thing. I was a boy 
down in New Bedford. Three or four 
hundred whaling ships were sent out from 
New Bedford on voyages of three and four 
years, down into the Atlantic and Indian 
Oceans, up’ around Cape Horn, and through 
Behring Straits and up into the Arctic 
Ocean, and when these ships returned they 
brought whale oil, and whalebone, and 
sperm oil and spermaceti and my friends 
in New Bedford never dreamed anything 
could come to interfere with the monopoly 
they possessed in the furnishing of arti- 
ficial illumination. It was a lucrative busi- 
ness, and at that time it was said that New 
Bedford was the richest city in the United 
States in proportion to its population, and 
this wealth was derived through chasing 
whales and frying out whale oil and sperm 
oil to make artificial illuminants. Sperm 
oil ‘sold= for $1.75a gallon by the ‘cargo, 
and $2.25 at retail fifty or sixty years ago, 
and at that time the cost of artificial illu- 
minants was one of the most serious items 
in domestic expenses. I remember in my 
early boyhood when they began to build the 
gas works at. the foot of the street on 
which I lived. ‘There were gas works in 
existence at that time but they were con- 
fined to a few of the large cities. People 
came to New Bedford and organized a gas 
company and I spent much time in watching 
the operations as they dug the hole for the 
gas tank, built the benches, set the retorts, 
and started the works; and when my 
father actually put pipes into the house 
and had burners put on the light seemed 
most marvelous. In my boyhood we had 
nothing but oil lamps. I have in my mu- 
seum in Columbia an old brass lamp with a 
little crooked handle on it, which my 
grandmother used. She would hold the little 
lamp between her eyes, and the book she 
was reading to me, and that was artificial 
illumination in those days. Then there was 
an improvement. Some one conceived the 
idea of substituting camphene, refined spirits 
of turpentine, and that was introduced as a 
substitute for sperm oil. It was very in- 
flammable, and devolved a combustive vapor 
and we had numbers of explosions from it; 
but it gave such a brilliant light, and was 
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so cheap, that people burned it and took the 
chance of the explosion, and the terrible ac- 
cidents which occurred, for the sake of 
getting something that was within their 
means. I do not remember the price, but 
it did not cost more than one third as much 
as sperm oil. The difficulty was that it 
could only be used with a chimney. The 
turpentine is so rich in carbon tlfat it gives 
a smoky flame, and it was necessary there- 
fore to burn the camphene in a lamp with 
a chimney. But an ingenious chemist pro- 
duced a satisfactory oil for portable lamps 
without chimneys by combining camphene, 
too high in carbon, with alcohol poor in 
carbon, producing the so-called “Burning 
Fluid” which was used in high-glass lamps, 
without chimneys, having two plain, un- 
usually long wick tubes. These old “Fluid” 
lamps are now being sought in all the old 
attics in New England and sold to the ladies, 
who have kerosene burners put on them 
and pretty shades and use them to decorate 
their tea tables. But I am afraid there 
must be a factory where they make them, 
as there are so many of them being dis- 
covered and sold. 

I went to Germany to study chemistry. 
When I entered a German family, as a boy, 
in Berlin, there was a glass lamp placed on 
the table that held a queer looking oil. 
It had a smell different from sperm oil, and 
I inquired of my host what it was and he 
said it was a “Photogen” lamp. I inquired 
of my Professor what this new oil was, and 
he said it was nade from boghead mineral, 
which came from Scotland, and that par- 
ties in Scotland had begun to manufacture 
it on a large scale. I was so much inter- 
ested, that I immediately sought for infor- 
mation and secured one or two pamphlets 
which had been published on the subject 
of this coal oil, giving an account of how 
the oil was manufactured from the bog- 
head mineral, which came from Torbane 
Hill, Scotland. When I came home, in 
1856, and told my New Bedford friends 
who had their whale and sperm oil re- 
fineries and candle works, about an oil made 
out of a mineral dug out of the ground, 
they shook their heads and said that nothing 
could ever interfere with the prosperity of 
the sperm oil industry. I was interested in 
the oil and wrote to the Scientific American 
and offered to write them an article on the 


new oil which was burned in Germany, if 
they would promise to publish it, and they 
wrote back that they did not think any 
such oil as that would ever interest the 
American public. In less than three years 
after that, there was a series of coal oil 
factories from Portland, Maine, down to 
Wilmington, Del., manufacturing the so- 
called coal oil or kerosene. It was made 
out of the boghead mineral which came 
from Torbane Hill, Scotland; Albertite, 
which came from Nova Scotia, Grahamite, 
which came from Ritchie County, West 
Virginia, and Breckinridge coal, which 
came from Breckinridge County, Kentucky. 
As soon as this coal oil made its appear- 
ance, lamps were invented to burn it, and 
the price of the oil dropped down to Soc. a 
gallon. The coal oil industry was firmly 
established and light became much cheaper. 
Then a couple of Yankees from New Haven 
went to Northwestern Pennsylvania, where 
they saw oil on the surface of the ponds, 
and some of this oil was skimmed off the 
ponds and taken to New Haven to Prof. Sil- 
liman who examined it and said it was 
nothing but crude kerosene oil. They asked 
him if it was useful, and he said that it 
certainly was if they could get enough of 
it. They went back to. Oil Creek, in 
Pennsylvania, but, did: 4 nots dare wate 
make any very definite bargains with 
the farmers. They prowled about and 
found places where there was scum 
on the water and made contracts with 
the farmers tc gather the oil on a royalty. 
They gathered a few barrels of it and then 
selected a man, Col. Drake, and put him in 
charge and organized the first petroleum 
company in the world, the Pennsylvania 
Rock Oil Company. Col. G. L. Drake was 
made the Superintendent, and went to Oil 
Creek to take charge of the collecting of the 
oil. He learned that in 1819 oil was ac- 
cidentally obtained in boring two salt wells 
on the Muskingum river in Ohio, and that 
in 1829 a flowing well. was accidentally ob- 
tained at Burkesville. Ky. He became pos- 
sessed of the idea that he might obtain oil 
by boring for it. So he erected a derrick 
and started to bore an oil well. The old 
farmers came from miles around to watch 
the boring operation, with a feeling that 
Drake might with equal reason bore for 
whiskey. But on the 26th of August, 1859, 
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he “struck oil” at a depth of 71 feet, and 
obtained 400 gallons which he sold for soc. 
a gallon. Soon a forest of derricks sprang 
up about Oil Creek which extended into 
West Virginia and Ohio. Successful wells 
yielded from 100 to 2000 barrels of oil 
daily. The Noble well yielded in a little 
more than one year 500,000 barrels of oil; 
the Sherman well in two years 450,000 bar- 
rels, and petroleum became one of the 
most valuable productions of the United 
States. 

The yield in 1904 was over 100 million 
barrels. To-day the price of refined petro- 
leum for use in lamps is 5c. a gallon in 
bulk. When I came to New York in 
1864 the price of gas was $3.75 per 1000 
feet, and the illuminating power for a five 
foot burner was equal to 16 spermaceti 
candles; today the price is $1.00.per 1,000 
feet, and the illuminating power for a five 
foot burner is about 24 candles, and with a 
Welsbach mantle burner more than 100 
candles, and the public always talks about 
poor gas and high cost. I was in London 
last summer and was told by the chemist in 
charge of the City Testing Station that in 
London the companies were required to 
furnish only gas of 14 candle-power. 

About 1878 Mr. Brush made arc lighting 
practicable for street railway stations 
and public places. The same year I had the 
good fortune to spend two or three days 
with Mr. Wallace at Ansonia, Conn. -He 
had invented a new dynamo and a new 
arc light, and he invited Mr. Edison, Prof. 
Barker, and myself to come and play with 
them. Mr. Edison became deeply interested 
in the lighting problem to which he had 
previously paid no attention. He said much 
about the desirability of providing electric 
light in small units for domestic purposes, 
units of about 16 candle-power, the equi- 
valent of an ordinary gas burner. He went 
home full of the idea and in less than a year 
he had invented the incandescent lamp, his 
improved dynamos, the motor, safety plug, 
and his feeder systems ‘of distribution. 
Here was a revolution in artificial illumin- 
ation. By a curious coincidence a Parlia- 
mentary commission, appointed to consider 
some applications to charter electric lighting 
companies, called at this time the most 
distinguished electricians in Great Britain 
to testify, and Lord Kelvin, then Sir Wil- 


liam Thompson, Mr. Price, Mr. Dracon, 
and others, all said it would not be pos- 
sible to divide the electric light into small 
units and even if small electric lights could 
be devised it would not be possible to divide 
the electric current so as to properly supply 
them. Mr. Edison had already accomplished 
these results. 

This is the picture of the past, Mr. Presi- 
dent, that came up before me as I listened 
to your statement of some of the problems 
for future discussion by this new and prom- 
ising society. 

_ Mr. E. C. Brown, Publisher of the Pro- 
gressive Age: 

Mr. President and Gentlemen:—I was 
sent a copy of our President’s paper, but I 
was so much engaged to-day that I did not 
have the opportunity, as I fully intended, to 
look it over carefully. I should not care 
at this session, though I desire to do so at 
a later meeting, to present my figures as to 
the amount of money expended annually 
for gas illumination. I should say, unhesi- 
tatingly, that probably the cities of Greater 
New York, Philadelphia, Chicago, Boston, 
St. Louis, Milwaukee and St. Paul, would 


- quite reach—I am now speaking of illumi- 


nation as distinct from gas used for heating 
of cooking and other domestic purposes— 
would quite reach the sum of $25,000,000 
or $30,000,000 annually, leaving the balance 
of the country to still greatly increase the 
amount stated by our President. 

Leaving that subject, I wish to add a 
word to what Mr. Martin has so ably stated 
in regard to Mr. Stieringer. I had a brief 
acquaintance with him, and I recognized the 
excellent qualities of mind and heart and 
the breadth of view which the man had con- 
cerning lighting problems. He was a light- 
ing engineer and would, if living, make an 
ornamental member of this society. To 
refer to my friend, Dr. Chandler’s, remarks, 
I think he has done this infant society a 
world of good by talking this evening as an 
occasion to look forward. We can see what 
lies in the future, and we should provide 
for it. All of the improvements in modern 
lighting which Dr. Chandler has traced to- 
day have occurred in the brief span of his 
life, and to-day we find him actively per- 
forming his duties; so that it would appear 
that the younger men in this society mav 
have still greater possibilities in the field 
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of illumination, which I hope and believe 
will be very greatly advanced by the work 
of the illuminating engineers. 

The President:—We have heard from 
the electrical interests and the gas interests. 
1 think it would be in order to hear from 
the oil interests, which are also represented. 
We have with us the expert of the lamp 
department of the Standard Oil, Mr. W. T. 
Sterling. 

Mr. W. T. Sterling, of the Standard Oil 
Company: 

Mr. President—I am here this evening 
in response to your kind invitation and 
I trust you will excuse me from saying 
anything on the subject of oil illumina- 
tion, as I did not come prepared, not know- 
ing that I should be called on to say any- 
thing. Being interested in the subject of 
illumination, I came here more to learn the 
object of your society, and must say that 
I am glad I came, for I have enjoyed the 
meeting and have been much interested in 
the discussion here to-night. At some 
future time I shall hope to give you either 
a paper or a talk that may be of interest 
to the society. 

Mi. JS" Codnman, of JS. “Codinan.& 
Co., Electrical Engineers: 

So far as I know we have been very suc- 
cessful in getting the different interests 
represented in the Society. I think it is 
important now that we should do some- 
thing to create interest in the Society in 
other places than the City of New York. I 
think it would be well to consider the possi- 
bility of local branches of the Society, or 
the holding of meetings occasionally in 
other cities than New York. I have not 
any specific idea in mind, but I think it 
may be possible to have local branches at 
the meetings of which papers presented at 
the main meeting of the Society can be re- 
peated and discussed, or it may be possible 
to have separate papers read and published 
together with the New York papers, or 
lastly, it may be possible for the regular 
meeting of the Society to be held in some 
other city than New York occasionally. 

Mr. E. L. Elliott, editor of the ILLumr- 
NATING ENGINEER: 

T think the ground has been pretty thor- 
oughly covered. One aspect of the ques- 
tion, however, occurs to me, and that is 
the work this society can do in unifying 


the various interests. The fact that there 
is a great waste in the use of all light- 
sources seems to be generally admitted; 
whether it is to the extent of one-half, or 
one-third, or one-quarter, the waste is 
very considerable. It is unquestionably de- 
sirable, not only that this waste should be 
avoided, but that a better quality of il- 
lumination should be produced. To this 
end all the various interests concerned in 
illumination, from the producer of the il- 
luminant, whether gas, electric current, or 
oil; the manufacturer of the lamp or ap- 
paratus by which that illuminant is con- 
verted into light; the manufacturer of the 
accessories, in the shape of shades, reflec- 
tors, or other apparatus, by which the light 
is distributed, the architect, who generally 
draws the specifications for the placing of 
the light-sources; and the decorator, who 
with the architect has to decide as to the 
ornamental and decorative features; all of 
these interests, in order to secure the re- 
sults that we call good illumination, must 
be harmonized and must work together to a 
common end. 

The difficulties of dealing with the ar- 
chitect have been set forth; but happily, I 
think with Mr. Ryan, these troubles are dis- 
appearing. He speaks of a change in the 
last three or four years. I think there has 
been a change in the last three or four 
months in this direction; and with what 
opportunities I have had. for observation, 
the changes are coming rapidly, and the 
illuminating engineer is becoming recog- 
nized as essential in his particular field. 
The architect works from a certain basis; 
the decorator works from another basis; 
the purchaser of gas and of electric current 
works from still another basis. It is the 
particular province of the illuminating engi- 
neer to harmonize all these, and to bring 
them together so that the total of all their 
efforts shall lead to a result which shall be 
generally satisfactory. By bringing all 
these interests together, not only in a lit- 
erary and scientific way in the presentation 
of papers, but in a social way, the Society 
should promote the feeling that the vari- 
ous interests are not opposed, but on the 
contrary are all mutual. 

There 1s one other point I would refer 
to, and that is the tendency of those pro- 
ducing illuminants to look askance at im- 
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provements in the way of economy, as less- 
ening their income. I think it has been 
clearly shown by the remarks, especially 
those of a reminiscent character, that 
every improvement looking toward the 
cheapening of light has increased the total 
income of those interested in producing 
light, from the introduction of a cheaper 
oil than whale oil down to the cheapening 
of light from gas by means of Welsbach 
mantles—in every case the effect has been 
to increase the amount of light used, and 
incidentally the total income of the various 
interests concerned; so that it seems there 
need be no reasonable objection or hesi- 
tancy on the part of any interest in produc- 
ing the very best illumination possible at a 
minimum of cost. 

Mr) N+ Olcott, of Black*&. Boyd; fix: 
ture designers, being called upon, said: 1 
do not know that I am at all competent to 
make an address that would interest the 
gentlemen present, but I do feel vitally the 
importance of the society in its bearing on 
our profession. I look for a great deal of 
benefit to every one allied to the lighting 
interest from the formation of this society. 

The President.—I regret that Mr. Henry 
L. Doherty is not here this evening. He 
said he would attend and take part in the 
discussion. We also expected Mr. G. D. 
Ramsdell, Secretary of the American Gas 
Light Association, but he is not present. 

Mr. R. M. Searle, of Westchester Light- 
inei@ow Mieey ernon, IN Y—- 

The one thing that impressed me most 
to-night. were the remarks of Dr. Elliott 
on the interior ilumination in regard to 
color effects and color schemes. In the 
practical side of the application of light, 
one of the greatest difficulties we experience 
is the adjustment of the cost to the con- 
sumer. Dealing with a suburban residential 
district, as I do, we have many new houses 
going up, and the entire interior decora: 
tion is white plaster at first. A certain 
unit of light is sufficient for a certain length 
of time, until the interior decoration is 
changed, and the demand for increased il- 
lumination increases rapidly. For instance, 
I have in mind several cases wheré a new 
home is changed from white plaster—in 
the library to chocolate paper, leather ceil- 
ing, dark greenish ground. leather bronze 
effect, with a red wall; golden paper in the 


parlor; a blue room, a green room, and a 
pink room; the source of illumination for 
white plaster called for one 16-cp. lamp in 
many instances, or a Welsbach mantle, and 
after the paper was put on all they could 
get was insufficient. I have been up against 
this proposition frequently in suburban 
districts. Touching on the lines to which 
Mr. Martin referred, I do not know of 
anything which is more difficult than to 
make an architect have a proper under- 
standing of this question of illumination; he 
studies economy to get the contract, and the 
result is that the architect as well as the 
illuminating engineer is injured in the 
long run. 


Prot W oD A.” Ryan, ildminatine” En 
gineer, General Electric Co., West Lynn, 
Mass :— x 


I would express my appreciation of the 
care and excellent way in which the objects 
of our society are set forth by our Presi- 
dent, and also the interest and pleasure I 
have taken in listening to the various re- 
marks. I would say in regard to the archi- 
tectural situation that that has very mate- 
rially changed in the last three or four years.. 
Four years ago it was almost impossible to: 
obtain an audience with an architect. At 
the present time we find inquiries coming in 
from architects every week, in fact, some- 
times two or three in a week, and find they 
are now looking for information on the sub- 
ject of lighting; they feel that there is really 
more to it than merely placing a lamp here 
and a lamp there, and I would say, from 
the illuminating engineering department of 
the General Electric Company, which I re- 
present, that we have more than we can do 
directly with the architects, aside from our 
other work. That is an encouraging sign. 
I feel there are gentlemen here to-night 
whom the association would probably pre- 
fer to hear from, and I shall not take your 
time. 


Mr. H. M. Lauritzen, of the Holophane 
Glass Company :— 


The question of lighting has been taken 
up scientifically by the company for which 
I work. It has been their endeavor to take 
care of the rays of light, that is, to take 
them from the direction in which they have 
been useless and bring them to a point 
where they are needed. In order to do this 
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they have been compelled to come down to 
a study of illuminating engineering. 
Mr. W. J. Clark, President, National 


Commercial Gas Association, New York :—. 


I am not prepared to say anything on 
this matter to-night, but in regard to in- 
candescent mantle lighting I might say 
one thing that occurs to me that shows the 
advantage over flat flame burner. I en- 
gaged on the heating and cooking line, and 
we canvassed among the East Side people 
where they were using one flame in the 
kitchen to illuminate the room, living in 
that room and doing their eating and read- 
ing in the room, and we found many flat 
flame burners which were burning from 12 
to 15 feet of gas in an hour. During the 
time of competition, many Welsbach lights 
were given away in other sections of the 
city, and as a canvassing scheme we had 
some of these brought in and refinished at 
a cost of one and a half cents each, and 
gave a Welsbach mantle to these people on 
the East Side as an inducement to buy a hot 
plate.. We found they could do the cooking 
with the gas they were wasting with the 
flat flame burner, and their bills would not 
be any higher. I am not prepared to speak 
at any length, but I will say that I remember 
when the electric light man first came into 
the field he gave the gas man a chill, and we 
were very much afraid of him, and speak- 
ing in a lighter vein in regard to “The 
Great White Way,” of which Mr. Wil- 
liams spoke, the electric light man has done 
something lately towards removing that 
chill because he has told us that every min- 
ute is the time to take a highball, and that 
helps to take the chill off the gas man. 

Mr. John Campbell, of the Electrical 
Auditing Company, Boston.—I think every 
interest has been touched on very ably to- 
night; but there is one which appears not 
to have been covered, and that is the public. 
I do not think there is any one who should 
welcome this society more than the general 
public. The public takes any information, 
no matter how accurate it may be, with a 
great deal of suspicion. They think that 
there is something concealed. If the public 
as a whole can feel that there is an able 
organization that they can depend on for in- 
formation, back of all that may be said 
by any independent company or any inde- 
pendent organization, then we are reach- 


ing out into a field that will be helpful to 
every one of us, because we all depend on 
the public. I think one of the objects of 
this society should be to keep in touch with 
the public. 


It will not be out of place to add to the 
discussions which took place at the meeting 
the following extracts from an editorial in 
the New York Tribune, which appeared on 
February 14th, the morning following the 
meeting : 

THe Art oF LIGHTING. 


It would have been safe to predict that 
Mr. Louis B. Marks, in his presidential 
address to the Illuminating Engineering 
Society in this city on Tuesday evening, 
would speak about recent advances in the 
art of lighting, supply statistics showing 
the extent of ‘the industry, and, inasmuch 
as the organization of which he is the head 
iS a new one, make some statement of its 
scope and plans. All of these things he 
did with an ability which revealed his fit- 
ness for the office that he now fills. But 
he did somethings besides, and this is the 
more notable because it was not, perhaps, 
strictly within his province, and hence be- 
trayed an exceptionally humane _ spirit. 
Theoretically, the engineer limits his en- 
deavor to the accomplishment of given re- 
sults with the least material and expense. 
Taking a narrow view of his functions, the 
illuminating engineer might say: “I under- 
take only to show you how to generate a 
specified amount of light at the lowest at- 
tainable cost, and am not responsible for 
any unpleasant consequences which may 
attend its use when you have got it.” Mr. 
Marks does not stop at that point. Having 
recognized the existence of a grave evil, 
he frankly points it out. The public may 
well thank him for doing so. 

Though much attention has already been 
given to suitable shades for electric lights, 
Mr. Marks declares that the great majority 
of lights are still without them. If either 
an arc or incandescent lamp is so placed 
that. people will not be obliged to look di- 
rectly at it, no harm can ensue and shades 
are not required. When, on the other hand, 
such lights remain in the field of vision, 
the eyesight of those who are qeoueee to 
face them is likely to suffer. Marks © 
believes that unshielded 16- oe power 
Edison lamps in street cars threaten some- 
thing more than discomfort to passengers. 
When a man makes use of those on one 
side of a car in reading and holds his paper 
so as to hide those opposite him, he ex- 
periences no inconvenience, but if he lays 
down the paper or is without one he is 
often exposed to a glare that may prove 
positively injurious to his eyes. Ground 
glass bulbs would diffuse the light and 
make it less painful. Their use might pos- 
sibly discourage reading, but we doubt it. 
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«Crystal’’ Effects in 


“History repeats itself,” particularly 
in matters of art. The glass chandel- 
ler, which but a few years ago was 
being taken down and relegated to the 
garret or to the junk dealer, has been 
rediscovered, and restored to the place 
of honor in the most elegantly deco- 
rated dining rooms of new and palatial 
hotels, and in the dwellings of million- 
aires. The return to this earlier form 
of decorative art is to be particularly 
commended in this instance, for the 
reason that it was originally a good 
form of art; and that which is in truth 
“a thing of beauty” will in fact be “a 
joy. forever.” 

Perhaps the finest specimens of this 
class of lighting fixtures are those of 
the French palaces and chateaux, 
ranging from the time of Louis XIV 
to XVI, and through the period known 
ds thao thes Empire... The allus- 
trations show typical forms of chan- 





“EMPIRE” DESIGN IN-METAL AND GLASS: 
FONTAINEBLEAU. 


Fixture Design 





LOUIS IV. LANTERN : 


VERSAILLES. 


deliers of this character, selected from 
a large number of examples. 

All of these examples are highly 
suggestive as to the possibilities of 
adapting this method of ornamenta- 
tion to the construction of electric fix- 
tures, and should prove useful to those 
seeking highly artistic effects, con- 
formable to the practices of good and 
efficient illumination. 

The art of glass making has been 
greatly improved since the days of the 
originals of these designs, far greater 
brilliancy and clearness of glass being 
obtained. In this respect it is interest- 
ing to note that European manufac- 
turers offer for sale glass having the 
exact imperfections of these old mas- 
ter-pieces in the fixture line; that is, 
they ofter glass either of a smoky ap- 
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pearance, or of the slightly purplish 
tint, which often shows in the older 
glass. We can conceive of no honest 
purpose to be secured by the use of 
this imperfect glass. To imitate a vir- 
tue may be excused in accordance with 
Shakespeare’s dictum, “Assume a vir- 
tue, if you have it not”; but to imitate 
a fault, or imperfection due to lim- 
itations which no longer exist, is cer- 
tainly past all condonement. 





“EMPIRE” DESIGN, IN METAL AND CRYSTAL: 
COMPIEGNE. 


BEAUTY VS.20TInITY. 


The illustration, taken from the 
cover of one of the popular magazines, 
shows in a very artistic manner how 
neglect to consider illuminating effects 
may lead to faulty result in design. 

The table lamp with its art glass 
shade is undoubtedly a pretty object 
to look at, but as a reading light the 
combination is an absolute failure. 
The area of light which it emits is so 
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LOUIS IV., ALL CRYSTAL: COMPIEGNE. 

limited that the reader must lean over 
on to the table in order to get the 
pages of the book illuminated. While 
this position may be very pretty as an 
artistic pose, if one were compelled 
to take this position for an entire 
evening’s reading, one would surely 


retire with aching joints as a result. 
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Street Lighting 


By Haypn T. Harrison, M.LE.E. 


(Abstract of a paper read before the INst1TUTION oF ELECTRICAL ENGINEERS at 


Manchester, December rzth, 1905.) 


From “The Electrical Review” (London). 


The antipathy which engineers have so 
far shown to the actual measurement of 
street illumination is, in the case of gas 
engineers, and, to a smaller extent, in the 
case of electrical engineers, due to the fact 
that they are in the habit of stating the 
value of a lamp as the candle-power which 
it will give when measured in the best po- 
sition and without any globes or lanterns; 
therefore, when measuring street illumina- 
tion a figure is generally obtained much 
lower than that claimed. 

For instance, a Welsbach mantle con- 
suming from 3.5 to 3.75 cubic feet per hour 
is generally stated as 70-c.p., whereas the 
very large number of measurements I have 
made during the last few years have shown 
that the average candle-power derived, 
when measured in the street, is 35. Again, 
a 200-volt %-ampere “A” type Nernst 
lamp, according to the makers, gives 70 
candle-power (heffner units), in practice 
I have found them equal to 37 candle- 
power. 

Again, 
ty pe-ssarc 


a 500-watt direct-current open 
lamp is generally called a 
1,000-c.p. lamp; whereas Mr. Bradley’s 
tests and my own go to prove that 
they average 600 candle-power. Another 
example is the new gas lamps in Fleet 
street, which were claimed as 200 candle- 
power, whereas the actual measurements | 
have made prove that they average 135 
candle-power. 

Another example is the much-advertised 
gas lighting in Kingsway and Aldwich. 
The gas journals are continually referring 
to the lamps used as 1,000 candle-power, 
whereas the average of a large number of 
photometric measurements made by my- 
self and others prove that the average 
candle-power in the street is 515. 

In order to arrive at any decision as to 
the degree of illumination which may be 


considered efficient for various streets, it is ° 
necessary to decide first the units in which 
the value of illumination should be speci- 
fied. The mean illumination of a street 
cannot be ascertained from measurements 
of candle-power, unless these are taken 
at a large number of different angles; 
moreover, it is necessary to state the height 
and. distance of the lamps, in order to 
judge the illumination derived. 

In 1892 Mr. Trotter read a paper before 
the Institution of Civil Engineers which 
dealt very fully with the matter, and his 
paper is even now probably the most com- 
plete treatise on the subject extant. Mr. 
Trotter used an illumination photometer 
devised by himself, in conjunction with Sir 
William Preece, by which the horizontal, 
illumination at various parts of the road 
could be measured. 

There are practical objections to the use 
of an illumination photometer as described 
by Mr. Trotter, which eventually resulted 
in my abandoning its use, but not until I 
had had practical experience of it for a 
period of about two years, and had ob- 
tained results of considerable value to me 
in my study of street lighting. 

In order to judge the lighting of a street 
it is only necessary to know the minimum 
illumination at any point where light is 
required, because if that illumination is 
sufficient for the purpose, it obviously fol- 
lows that it will be ample elsewhere. 

It will probably be suggested that the 
value of the maximum illumination should 
also be measured and stated, in order that 
a diversity factor may be arrived at. The 
best lighted streets are those with the high- 
est minimum illumination and with the 
lowest diversity factor, and, after having 
granted this definition, all that remains to 
be done in comparing the lighting of vari- 
ous streets is to state the value of the 
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maximum and minimum illumination as 
measured therein. 

But the unit of illumination, namely, 
candle-power feet, is not sufficiently defi- 
nite, for it is obvious that when speaking 
of illumination we really mean the degree 
to which something is illuminated, and that 
will depend to a very large extent on the 
average angle at which the light strikes 
the various surfaces of that object. 

* In the design of instrument I recommend, 
an angle of 45° has been chosen; if it had 
not been for practical reasons, | would have 
preferred a vertical screen. I abandoned 
the horizontal screen, which I used for 
many years, because the angle of incidence 
when measuring at a distance from the post 
became so large as to reduce the illumina- 
tion on the screen to that point when it 
was difficult to get a balance, and, more- 
over, unless the screen was accurately lev- 
eled, considerable errors were liable to creep 
in; these faults made it practically impos- 
sible to measure the minimum illumination, 
which I consider the most important factor. 

Other reasons of equal importance are 
that, owing to the great variation in the 
spectrum of lamps used for street lighting 
purposes, a flicker method of obtaining a 
balance is essentiul for accurate work, and 
an angle of 45° is found more convenient 
in the design of this part of the apparatus, 
and that the illumination of vertical objects 
in a street is of equal, if not greater, im- 
portance than that of the road and pave- 
ment. Therefore, by stating the value of 
the illumination on a screen at an angle of 
45° we are probably giving the most useful 
information for practical purposes. More- 
over, the measurement obtained at this 
angle are as easily converted to measure- 
ment of candle-power as would be the case 
if any other angle were used, and the fact 
that the candle-power of the lamps in one 
direction only is measured simplifies this 
calculation considerably. The most con- 
venient height for making the measure- 
ment I have found to be 4 feet. 

Therefore, for the purpose of measuring 
and comparing the illumination of streets, 
roads or open spaces, I would suggest that 
the minimum and maximum illumination, 
which can be derived at any point, be 
stated in units of candle-power feet meas- 


ured on a plane surface inclined to be ver- 
tical-at an“angle-of 45,. 

I have, from various published state- 
ments, obtained the opinions of gas and 
electrical engineers as to the present-day 
requirements in this direction, and from 
tests made by myself and others am able to 
give a rough average of what actually oc- 
curs in practice. 

From the valuable tests taken by Mr. 
Pearce at Manchester, I have extracted the 
following figures, which give an example 
of the lighting of main thoroughfare of an 
important town (see Table I.) :— 

A much more interesting example in this 
neighborhood is that of Gorton, where Mr. 
Pearce has lately replaced 25 double Wels- 
bach mantles, each taking 4 cubic feet of 
gas per hour, by 22 enclosed arc lamps 
giving 400 candle-power each. The gas 
lighting in this case used to cost £150 per 
annum; the electric lighting is done for 
£176. Taking an average candle-power for 
the lamps based on the figures given by Mr. 
Price, of Birmingham, and measurements 
made .by myself elsewhere, the candle- 
power will work out at 80 per post, there- 
fore it will be seen from the following 
figures that the minimum illumination has 
been increased four times at an extra cost 
of 17 per cent. per annum :— 

Old System.—Incandescent gas, 80 can- 
dle-power, 90 feet apart, minimum illumi- 
nation (direct), .037. 

New System—Enclosed arc lamps, 400 
candle-power, 100 feet apart, mimimum il- 
lumination (direct), .145. 

As a final example, I propose to take 
the much disputed City and Kingsway light- 
ing. In the case of Kingsway, the length 
is 4,000 feet and the breadth too feet. 

There are 51 high-pressure gas lamps, 
and the measurements I had made in Oc- 
tober averaged 670 candle-power on the 
lamps in good condition, and 450 on those 
which were in poor condition. The posts 
are staggered, therefore the maximum 
distance from any post would be 46 feet 
where you would be deriving light from 
three sources, two of which would be 
available on a screen at an angle of 45°, 
but, for the sake of comparison, I propose 
to consider one only. This works out as 
follows :— 
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Kingsway.—High-pressure gas, 515 can- 
dle-power, 80 feet apart, minimum direct 
illumination, .206. 

In the case of Fleet street, 12 10-ampere 
lamps in muranese globes have lately been 
replaced by 34 pairs of incandescent gas 
mantles. 

In the case of the gas lamps, the two 
mantles are placed side by side, therefore 
the minimum candle-power measured is 
across the road, where it averages 80 can- 
dle-power, and this will be the point at 
which the minimum illumination occurs, 
namely, at a distance of 30 feet. 

The old arc lamps were at a distance of 
137 feet apart, and, as they gave 680 can- 
dle-power when measured at a distance of 
30 feet, it can be taken for granted that 
600 would be a safe average to take at the 
greater distance. 


City, Fleet Street—Old arc lamps, 137 
feet apart, minimum direct illumination, 
117. New gas lamps, 48 feet apart, mini- 
mum. direct illumination, .o8. The actual 
minimum illumination between the gas 
posts would be 48 feet apart, minimum di- 
rect illumination, .18. 

I think I have now given sufficient 
opinions and examples to formulate some 
idea of both the past and present practice. 
The very figures which I have put before 
you show the diversity of opinion, as dem- 
onstrated in practice; it is therefore only 
possible to obtain a rough average, but, 
nevertheless, this will form some basis to 
work on. 


I do not propose to consider the more 
brilliantly-lighted streets of Manchester, or 
the gas company’s latest show in Aldwych 
and Kingsway, as there is little doubt that 
the illuminating of public buildings in the 
case of the former has been aimed at as 
much as, if not more than, lighting the 
streets; and the latter case, as far as one 
can judge, is an advertisement for the gas 
companies, the cost of which will probably 
never be disclosed. Therefore, I think we 
may take it that in most towns the mini- 
mum direct illumination is as follows (see 
“able t1:)2— 

These figures are averaged from actual 
measurements made in the street, and not 
from the fictitious values often claimed, 
and it is interesting to note that in many 


places where electric light has been in- 
stalled, these values have been exceeded, 
wheras the actual illumination obtained 
from gas mantles is generally much lower 
than that estimated by the representatives 
of the gas industry. 

The usual test for the value of the mini- 
mum illumination is the possibility of read- 
ing a Bradshaw railway guide. I find, 
personally, that this is possible at an il- 
lumination equivalent to .o5 candle-power . 
feet. With .005 candle-power feet, you 
cannot recognize a face; in fact, can only 
just avoid running into anything. Mr. 
Trotter found moonlight to be .028 candle- 
power feet in England near full moon; 
thus it will be seen that in the side streets 
of large cities the minimum illumination 
approaches full moon, but in the suburban, 
street is less than one-fifth. Unless the 
value of illumination in any street exceeds, 
say, .O15 candle-power feet, it could hardly 
come under the head of street lighting, but 
should be called “beacon lighting,” as sug- 
gested by Mr. Trotter. 

The remainder of my paper I intend to 
give up to discussing the possibilities of 
improving the existing state of affairs with- 
out increasing the cost in any way. It is 
now several years since I came to the con- 
clusion that the efficiency of street light- 
ing must be judged by the minimum illu- 
mination derived at any point, and I de- 
vised fittings to increase the light at that 
point. By far the most efficient of these, 
which is fully protected, is now being 
manufactured by the Reason Manufactur- 
ing Co., of Brighton. In designing these 
fittings, I took the following facts into con- 
sideration :— 

1. That the rays directed above the 
horizontal are useless, and therefore can 
be diverted up and down the street to in- 
crease the distant illumination. 

2. If the posts are erected on the edge 
of the footpaths, the rays which would il- 
luminate the adjacent houses or fields are 
practically useless, unless the houses have 
a reflecting value, which is very rarely the 
case. 

3. The rays of light illuminating the 
street near the post should be of small 
value compared to those directed to a dis- 
tance up and down the street, in order to 
obtain even illumination. 
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The above conditions, in short, mean 
that practically only a quarter of the mean 
spherical candle-power is useful, and that 
the other three-quarters are wasted unless 
directed into the required direction. The 
extent to which this fitting succeeds is as 
follows: 

The average candle-power of the lamps 
measured from all parts of the street will 
be found to be 2.2 times the mean spherical 
candle-power, and the maximum candle- 
power measured over the width of the road 
some distance from the post is nearly three 
times the mean spherical, the minimum 
candle-power measured adjacent to the 
post being equal to the mean spherical can- 
dle-power of the lamps. 

I have had to divide the source ee light 
into two; in other words, to use two lamps 
in place of one. 

One-half of the filaments or glowers otf 
each of these lamps is enclosed in a spe- 
cially shaped hollow hemispherical reflec- 
tor, fixed at such vertical and horizontal 
angles that in those positions (as viewed 
from the street) where the reflectors are 
not in themselves increasing the illuminat- 
ing value of the lamps to more than double 
the maximum of one lamp, the light of 
both lamps is allowed to shine. Thus, at 
no point does it decrease the light, and over 
the greatest area of the street the light is 
increased to the maximum above stated. 

These reflectors are of glass blown on 
to a mould of the correct shape, and in 
such a way as to form a bottle, the inside 
of which is silvered; the opening is then 
hermetically sealed when fixing the cap; 
thus a reflector of about 88 per cent. effi- 
iency is obtained, which efficiency is prac- 
tically permanent. 

In the reflector the whole of the hemi- 
spherical rays are deflected, whereas in 
previous designs in which the lamp passed 
through a hole in the center of the reflec- 
tor, a great number of these rays were not 
utilized. Another point is that the lamps 
are in such a position that the maximum 
rays are used both in illuminating the dis- 
tant parts of the street direct, and by 
means of the reflector. 

These fittings are free from what is 
sometimes called “the bull’s-eye” effect, as 
the maximum rays are not concentrated 
into anywhere near a parallel beam, but 


are spread over an angle of 20°, and rays 
equal to twice the mean spherical candle- 
power of the two lamps are spread over an 
angle of 40°, which is generally the whole 
width of the road at a distance equal to 
twice the height of the post. 

In order to ascertain the type of lamp 
to use for the purpose, when basing cal- 
culations on minimum illumination, it 1s 
necessary to know the candle-power de- 
rived from the lamps at an angle of about 
20° to 30° below the horizontal, and about 
10° on the path side and 30° on the road 
side, of an imaginary line drawn parallel 
to the®.curb.; this_is, .of colrse:for pests 
erected on either side of the road, which is 
the present-day practice. 

The following table is based on the aver- 
age of a larger number of measurements 
made in the street under working con- 
ditions (average mean candle-power of 
lamps 20° to 30° below horizontal, and 10° 
one side and 30° the other side of the line 
drawn parallel to the street) (see Table 
III.) :— 

I would particularly call attention to 
Class 13, which appears unduly high. In 
my opinion this is due to the mantles being 
renewed at more frequent intervals, as it 
is based on measurements made in Fleet 
street which may be called without preju- 
dice a test case. 

It is now comparatively easy to set down 
the numbers of posts and fittings per mile 
necessary to obtain the minimum illumina- 
tion generally provided for various classes 
of streets (see Table IV.). 

The foregoing table demonstrates several 
interesting points, the importance of which, 
I consider, cannot be over-rated. They are 
as follows: 

1. The use of large units of light for 
general street illumination is expensive, and 
should be avoided where possible. 

2. The cost of maintenance is very often 
as high, if not higher, than the cost of 
electrical energy or gas; it must be borne 
in mind that in the foregoing table elec- 
trical energy is taken at 14d. per unit—it 
is very often less than this for street light- 
ing, in which case the cost of maintenance 
becomes a still more important factor. 

In calculating the cost of electrical energy 
when using carbon incandescent lamps, I 
have taken the lamps as consuming 4 watts 
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per candle-power—which is reduced to 2 
watts per candle-power, or even less, by the 
Reason fitting; but, even if no special fit- 
ting had been used, four 10-c.p. lamps con- 
suming 160 watts are, when placed at 20 
feet apart, better than 160-c.p. lamps spaced 
at 80 feet, as the ratio of minimum illumi- 
nation derived is 16 to I, whereas the ef- 
ficiency of the lamps is only 4 to I. 

The highly efficient incandescent types of 
lamps which are now being put on the 
market, such as tantalum and osmium, are 
much more suited for low voltage than 
high; these lamps, provided their lasting 
properties are improved, are eminently 
suited for street lighting, on account of 
their high efficiency and steady light-giving 
power. 

I have, therefore, lately been experi- 
menting with them connected in series, 
with most gratifying results, and trust 
shortly to be able to recommend the supply 
of these lamps for street-lighting purposes. 
They will be low voltage (10 to 30), with 
thick filaments, intended to be run in series 
throughout the street, and controlled at 
the end of each series by a magnetic relay 
switch connected to the previous series, in 
a similar manner to that used for arc light- 
ing by Mr. Robinson, of Hackney, and 
others. : 

A very simple cut-out designed by my- 
self prevents a fault in any lamp extin- 
guishing the series. 

In my calculations it is easy to see that 
I have not favored electricity in any way. 
In taking the cost of gas at 2s. per 1,000 
cubic feet, I have taken a price which only 
12 towns out of 223 are able to charge, all 
the others being higher; whereas 14d. per 
Board of Trade unit is higher than is be- 
ing charged by a large number of electrical 
undertakings. 


The Chairman (Mr. S. L. Pearce) said, 
with regard to measurement of illumination, 
the practice in Manchester was to measure 
the candle feet at various distances from 
one point and plot a curve, then turn the 
photometer round (and plot an adverse 
curve, and from these two curves a third 
one was obtained. He agreed with the 
author that it was better to have a number 
of smaller units than a few large ones, but 
this could be carried too far. 


Prof. Schwartz thought the author had 
disregarded some matters of fundamental 


importance. Quality of light was a thing 
to be considered; also color, steadiness 
and intrinsic brilliancy. The human eye 


had been developed under sunlight. Sun- 
light was white only about high noon, later 
it became yellow, and before sunset red. 
Sunlight never became blue or green like 
the Welsbach light, and the best artificial 
light was that which inclined to yellow. It 
a spectrum of sunlight were examined, it 
would be found that 80 per cent. of the total 
luminosity lay in the yellow rays. He had 
found that a horizontal card of sunlight 
25 candle-power per square inch. This in- 
tensity was too much. Since globes had 
been used for arc lamps, the distribution ot 
light was better, and enabled people to see 
better. The reflector mentioned in the 
paper would treat the public to a higher 
intrinsic brilliance than they wanted. Div- 
ersity factor was not properly represented 
by stating the minimum value of illumina- 
tion. The power of seeing was what they 
ought to aim at, not quantity of illumina- 
tion. In some towns there was more illu- 
mination than was necessary, though this 
was not altogether the fault of electrical 
engineers; it had been forced upon them 
by the gas companies, who had increasea 
the illumination, and, if electricity had to 
have a share in public lighting, it must beat 
the gas. With regard to the author’s state- 
ment that Mr. Trotter’s method of plot- 
ting these curves. About 12 years ago he 
put down the arrangement of lighting at St. 
Pancras referred to by the author. 

Mr. Newbiggins (gas engineer to the 
Manchester Corporation) said he did not 
know on what grounds the author claimed 
that electrical engineers had less to fear 
from exposure as to the difference between 
actual and stated candle-power of a given 
lamp. On the author’s own showing a 
I,000-c.p. arc lamp only gave 600 candle- 
power. As to unsteadiness, this was exem- 
plified by the unsteady burning of the arc 
lamps in the lecture room that night, which 
was in great contrast to the steady burning 
of an incandescent gas lamp. He agreed 
with the author on the value of photometric 
testing. If these tests were carried out on 
a 1,000-c.p. gas lamp, and a 1I,000-c.p. arc 
lamp for several hours, it would be found 
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that the gas lamp would give a much higher 
efficiency. Gas engineers had used the 
photometer more than electrical engineers, 
as they were compelled in many cases tu 
supply gas of a certain quality. In the 
case of arc lighting, all the light was re- 
flected downwards, whilst in the gas lamps 
some of it was reflected upwards. It was 
from the general lighting effect that the 
different methods of street lighting would 
be judged. He would like the author to 
show an electrical undertaking in existence 
which was able to make a profit at 14d. 
per unit, but a gas company could sell at 2s. 
per 1,000 cubic feet and make a profit. Re- 
ferring to the figure £7 for maintenance ot 
high-pressure gas mantles, there was no 
such figure. If the author had started at 
45s. and gone down, he would have been 
nearer the mark. His own opinion was that 
the question of respective values of street 
lighting could best be solved from the 
points of both effectiveness and cost by 
each having a street or square allotted to 
them, and taking an account of the capital 
outlay, maintenance and consumption 
(measured by meter) of current or gas, and 
he would say that gas would work out much 
cheaper and be more effective. The figures 
given in the paper were, as far as they re- 
lated to gas, both fallacious and misleading. 

Mr. Andrews thought the question of 


worthy of consideration. He noticed that 
in some of the streets lit by incandescent 
gas, the light was all on the street and 
the houses looked quite black, whereas 
in those lit by arc lamps the buildings were 
better illuminated. 

Mr. D. L. Sands said he could see no rea- 
son for placing the photometer screen at an 
angle of 45°. 

Mr. Harrison, replying to the discussion, 
said that in several small towns gas engi- 
neers never used the photometer at all. In 
places where he had been called in to ad- 
vise impartially on the question of the 
lighting, he had often asked the gas engin- 
eers if they had taken photometer tests, 
and invariably their reply was that they 
did not believe in them. He thought he 
had been misunderstood as to his opinion 
of the man in the street. He laid a big 
value on his opinion. Replying to Mr. 
Newbigging, he would guarantee a 500- 
watt dc. arc lamp to give 1,000 candle- 
power at a certain angle, and with regard 
to the arc lamps in St. Pancras going to 
the scrap heap, he stated that 5,400 incan- 
descent lamps in the district had been re- 
placed by 1,000 arc lamps. Two large com- 
panies in London were charging 1¥4d. per 
unit for lighting, and made a big dividend. 
Unfortunately, they did not have the ad- 
vantage of huge gas holders, such as the 


illuminating the houses in the street gas manufacturers had. 
Taste I. 
Dis- Minimum 
tance direct 
Position. Lamp. apart. illumination. 
Cheethain aril Rider ea carsane goo-watt enclosed arc..... 76~ tt: .62 
Piccadilly. es ee ee ee ee botensined eas area ee oe eters 38 
PS atti tsi ste aan toe o acs Oe ees 600-watt enclosed arc..... Brn 54 
Priber tiwestreetiach see eee en ee Intensified pase LO2sc 14 
SACK VillesslhCets se ace erat aetna 600-watt enclosed arc..... 66 “ .30 
Piecadillveg Recuce Ma ee ee ee oan Incandescent; as a wee sta 200-7 013 


TABLE II. 


Main thoroughfares, 
Side streets, 
Suburban streets, 


be 66 


minimum direct illumination..... 
a9 ce (79 


.050 candle-power feet. 
025 bo “ “cs 
005 66 6é ce 


ce 
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Taste III. 
: Watts Candle-power 

Electric lamps. ° consumed. at angles stated. 
Cr ramet pena mre Gost ade 400 1,300 | 
(2) Open type arc....... Ne eatin es 500 500 
Ra Melos tea FOn ray tn See Ue eek dane 1,000 1,100 
CA UCIOSCUm a hCh et et nas ea ica es 600 550 
(5) Reason fitting incandescent lamps...... 200 120 
(6) Reason fitting incandescent lamps...... 120 70 
(7) Reason fitting incandescent lamps...... 60 30 
(a) ‘Reason iitting Lantalum’ lamps. .4-..>:. 70 I1@ 
Coe Netnstelamps ys fe “ty Pe. a. hd os cca I100—I20 40 
Gioje Nernst: lainps =. otype. ss sogeke. oon. s 50—60 15 

Gas consumed Candle-power 

Gas lamps. per hour. at angles stated. 
(rp)e Hieh-presstire mantles... bvee-. 0 20 et. Sus 
Ci2 rthelspressure mattlesi 25.0. ok ee SOME 205 
(13) Intensified gas, two mantles (City).... Vien 130 
(14) Two low-pressure gas mantles.......... 7.5 75 
(15) One low-pressure gas mantle.......... 3-75 37 
(16) One low-pressure gas mantle.......... 22 32 


Taste IV. 


Distance Apart oF Lamps oF Various Types To Give ReguireD MinimuM ILLUMINATION. 


Main; 
thoroughfares. 
Wings (05 Crp. -£. 
Distance Posts per 
apart. 1,000 yards. 


Suburban streets. 
005 .¢sap; f. 

Distance Posts per 
apart. 1,000 yards. 


Side streets. 
1O250C1p.. tf 
Distance Posts per 
apart. 1,000 yards. 


Type of lamp. 


Electric flame.... 300 ft. 10 — — a = 
OMEN AtCca2k ok 200%." 15 — — — eS 
Enclosed arc..... B00se 10 — — — — 
ft 2005, 15 300 ft. 10 _— _ 
Reason fitting.... FOO SY 30 140" 21 300 ft. 10 
i FO 43 100sa 30 250; 13 
cs 45° 66 O83. 46 LSO%ia 20 
= OO. ao IBOn 23 BOO: 10 
Nernst lamp...... (es 54 Fee 40 180° 17 
a — — 65. * 46 Tl Oer. 27, 
Gas Lamps.— 
High pressure... 20075 15 200°". 10 — — 
- f2o0" 25 {80% oc 17 — — 
Intensified ....... LOOh ES 30 1402" 21 — —— 
Oraiiary- 6 era a 40 105%: 28 2AOD 12 
os 50 “ 60 Vasco 40 170m. 17 
. ASwer 67 7Q “ 43 ESO 20 
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Practical Problems in Illuminating Engineering 


By ArtHuR A. ERNST. 


“Example is better than precept.” 
The quickest and surest method of be- 
coming familiar with the theory and 
technology of a subject is to take a 
‘number of concrete cases, and work 
out the various theories in actual prac- 
tice: 

Although illuminating engineering 
has become recognized as a definite 
branch of applied science, the tech- 
nology of the subject is still in a more 
or less incomplete and incoherent state, 
and the engineer who takes up for 
the first time the lighting of a building 
as an engineering problem, will gen- 
erally be quite at sea as to how to be- 
gin. While it may be true, as has been 
stated by those who can not see the 
necessity for considering illumination 
as a distinct branch of engineering, 
that it not an exact science, it is based 
upon exact scientific principles, and 
therefore as nearly an exact science as 
many of the other branches of engi- 
neering. The purpose of the present 
series of articles is, therefore, rather 
to show possible methods of procedure 
than to lay down categorical rules to 
be followed without deviation. As in 
other engineering problems, there are 


E. 


usually a number of different ways 
of accomplishing the desired purpose, 
which will bring practically the same 
final results ; but if one method is well 
understood, the alternative methods 
may be left to the ingenuity and dis- 
cretion of the individual engineer. 

The problem before us is the il- 
lumination of a modern building to be 
used as the general office and “cen- 
tral” of a telephone company in one 
of the large cities. The various pur- 
poses to which different parts of the 
building are to be put afford particu- 
larly favorable conditions for the study 
of various problems in illumination. 

We will begin with the ground floor 
plan, the outline of which is shown in 
Figure 1. The first thing to be con- 
sidered is the fixed or prescribed con- 
ditions. These are: 


_ First: the plan of the floor and 
height of ceilings as laid out by the 
architect ; 


~’ Second: the purpose for which the 
‘various rooms are to be used; 


Third: | the luminant, or means of 
producing the light. 
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Starting from these fixed condi- 
tions, we must determine: 


First: the requisite intensity of il- 
lumination on some assumed or real 
surface in each room; 


Second: the location of the light- 
sources ; 
Third: the candle-power and dis- 


tribution of the light units. 


The first condition to be settled is 
the question of intensity of illumina- 
tion. It is on this particular point that 
the lay mind is usually most seriously 
confused, owing largely to the loose 
and ambiguous manner in which the 
various terms expressing light-meas- 
urements are used. The term “candle- 
power’ suggests at least a definite 
idea, on account of the familiar 16 
candle-power electric lamp; but the 
term “foot-candle” is absolutely mean- 
ingless to the layman, and expresses 
but a vague idea to the average archi- 
tect and engineer; yet it is precisely 
this measurement that is the founda- 
tion and starting point in practical il- 
luminating engineering. A yery defi- 


nite comprehension of the meaning of 
the term and of the varying values 
may readily be obtained with no more 
apparatus than a 16 candle-power elec- 
tric lamp and a flexible cord. A lamp 
of this rating gives an average of 
16 candle-power intensity sidewise; if 
such a lamp, therefore, is held at one 
foot from a surface, as shown in Fig- 
ure 2, every point on the surface will 


receive a ray of 16 candle-power in- 


tensity, at a distance of 1 foot from 
the source, and is, by the definition of 
the term, illuminated with a brilliancy 
of 16 foot-candles. As the intensity 
of light varies inversely as the square 
of the distance, if the surface be re- 
moved to 4 feet from the light, as 
C D, Figure 2, the illumination will 
be 1/16 as great, or I foot-candle. 
Thus, by varying the distance of the 
lamp from the surface, different de- 
grees of brilliancy of illumination can 
be obtained, which are exact enough 
to familiarize one with the appearance 
of the different values. 

It must be remembered, however, 
that the measurements as given by this 
method are measurements of the il- 
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lumination received by the surface. 
The apparent brightness of intensity 
of illumination of the surface as seen 
by the eye depends not only upon the 
amount of light falling upon the sur- 
face, but upon. the amount of light 
which the surface reflects to the eye. 
More scientifically expressed, it de- 
pends upon the brilliancy of the image 
on the retina. This visual intensity, 
which is the final result that we are 
after, is therefore the intensity of il- 
lumination received, multiplied by the 
coefficient of reflection of the surface 
illuminated. This simple fact is often 
lost sight of in estimating the intensity 
of illumination required. 

A few simple 
experiments will 
make this matter 
clears and also 
bring out its im- 
portance. Place a 
Ne be LOE: ig agreed Pix olen 
power lamp in a 
horizontal position 
4 ‘feet above the 
surface of a table; 
the table now re- 





ceives one foot- 
Coa ma “dole allu- 
mination. Now 


place on the table 
a sheet of white 
paper or’ white 
cloth, sand “n’o¢ e 
the appearance of brightness; then re- 
place this with a dark colored cloth, 
and note the apparent dimness. It 
will be seen by this that an intensity 
that would be entirely adequate on a 
marble floor would appear very dim 
on a floor covered with a dark col- 
ored carpet. In the first case-the re- 
flection from the surface may be 
taken as .75, the apparent, or visual 
intensity of illumination being there- 
fore 34 foot-candle; while in the lat- 


FIG. 2. 


ter case the reflection may be .25, or . 


even lower, and the visual intensity 
therefore only % foot-candle. 


The prime factors in determining | 


this question of intensity is, therefore, 
the purpose for which the room is to 
be used, and the color of the surfaces 


which are the special objects of the 
illumination; having this given, the 
determination then is a matter of judg- 
ment based upon actual experience. 
In our present example, the rooms 
are all to be used as office rooms. 
Desks for bookkeeping and corre- 
spondence are to be placed as may be 
found most convenient, and may be 
re-arranged from time to time to suit 
varying conditions. The principal 
plane on which to figure the illumina- 
tion is therefore a real one, namely, 
the tops of the desks. The illumina- 
tion on this plane may be produced 
either by local lights, that is, lights at- 
tached to the desks themselves, or 
placed in their immediate vicinity; or 
by light-sources advantageously dis- 
tributed throughout the room and at- 
tached to the ceiling or side walls. 
Both experience and theory agree that 
there is but one satisfactory method of 
lighting a desk, and that is by provid- 
ing a light-source for each individual 
user. The proper light for writing 
must come from the left and slightly 
in front of the paper, and the light- 
source should be provided with a re- 
flector-shade, which, while directing 
the light upon the paper, entirely 
shields the eyes from the direct rays. 
The intensity should be not less than 
two foot-candles, nor more than three. 
It is a mistake often made to use too 
great an intensity of light for writing 
or reading. White paper, especially 
the highly glazed paper so commonly 
used at present for book printing, as 
well as the finely finished writing 
papers, is an exceedingly good re- 
flector, producing a _ considerable 
amount of direct reflection as well as 
the diffuse reflection; and a strong 
light thrown upon such a surface pro- 
duces a glare which is uncomfortable 
and injurious to the eyes. 

The general scheme, therefore, in 
the present case is to provide an indi- 
vidual lamp for each desk or operator, 
and an independent set of lights for 
the general illumination of the room. 
In this case the general illumination 
should be very mild, only just suffi- 


‘cient to enable the various objects and 
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passages in the room to be readily 
seen. One-half foot-candle on the 
floor will be sufficient. The light- 
sources for this general illumination 
must also be diffused to a high degree 
in order to avoid glare. For the desk 
lights in the present case the only 
method is to provide a sufficient num- 
ber of outlets in the floor to enable the 
desks to be connected in whatever po- 
sition it may be found most convenient 
to place them. 

To supply the general illumination 
of the room we have to consider: 


First: Symmetry with reference to 
the architectural features: 

Second: The distribution and can- 
dle-power of the light-units to be used 


in order to provide the desired general 
illumination. 


In the present case the electrical en- 
gineers of the building have recom- 
mended the use of the G. E. high effi- 
ciency units for all positions in which 
they can be advantageously used; a 
recommendation which the illumina- 
ting engineer can very cheerfully en- 
dorse. The old method of determin- 
ing the candle-power to be installed, 
was to either apportion a certain can- 
dle-power per cubic foot of space, or 
per square foot of surface. Either of 
these methods is little better than a 
simple guess at the matter. In the 
first place, the figuring was based up- 
on the rated candle-power of the 
lamps; for example, a lamp rated at 
16 candle-power was taken as actually 
giving 16 candle-power. As electric 
lamps are rated by their mean hori- 
zontal instead of their actual candle- 
power, and as they vary considerably 
in their total candle-power, although 
having the same rating, the inade- 
quacy of this method will be readily 
appreciated. If the method is to be 
used at all, the total or mean spherical 
candle-power of the  light-source 
should be used instead of horizontal, 
or rated. Furthermore, the effect of 
globes and shades was entirely neg- 
lected, which threw out what little 
value there might be in such calcula- 
tions. The only basis of calculating 


that is worth the labor, or is worthy 
to be called a calculation, is that based 
upon the distribution curve of the 
light in connection with its accessory. 
Our first step, therefore, in determin- 
ing the specifications for the light 
units is an examination of the distri- 
bution curves of the various units from 
which a selection is to be made. As 
the G. E. high efficiency unit has been 
selected in the present case, we have 
our choice between the two classes of 
distribution furnished. The curve of 
wider distribution, shown in Fig. 3 
will naturally be selected. | 
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In order to determine the intensity 
of illumination produced on a given 
surface at any given point with refer- 
ence to a light-source of known dis- 
tribution, the following formula is 
used: 

Intensity of twlumination equals the 
quotient of the candle-power divided 
by the square of the distance of the 
light above the surface, multiplied by 
the cube of the cosine of the angle at 
which the ray strikes the surface. 

Reducing this to an algebraic equa- 
ducing this to an algebraic equation: 
tion: | 

C 
1=—cos?*A 
H2 


Thus, in Fig. 4, the intensity of il- 
lumination received at the point P’ on 
the horizontal surface S S from the 
light L at a distance H from above the 
surface, is the candle-power intensity 
of rays in the direction of L P’ di- 
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vided by the square of the height H 
(measured in feet) multiplied by the 
cube of the cosine of the angle A. 
As this formula is one which will be 
constantly used, a table showing the 
values of the cubes of the cosines of 
the various angles will be a great con- 
venience. In the following table these 
values are given for angles from I 
to72". 


ANGLE. =< Cos’, ANGLE. Cos’. 
I 1.000 27 509 
2 .998 38 .489 
3 .998 39 .469 
4 -993 40 -449 
5 -988 4I -429 
6 .983 42 .410 
7 978 43 -391 
8 .Q7I 44 R72 
9 .963 45 -353 
10 955 46 -335 
II 945 47 -317 
12 .935 48 300 
13 925 49 282 
14° O13 50 .265 
15 .QOI 5I .249 
16 888 52 233 
17 874 53 .218 
18 .860 54 .203 
19 845 55 .189 
20 .829 56 2175 
21 813 57 161 
22 797 58 -149 
23 .780 59 “137 
24 .762 125 
25 744 61 sITA 
26 .726 62 .103 
27 .707 63 .0936 
28 .688 64 .0842 
29 .668 65 .0754 
30 649 66 ‘0671 
31 .630 67 .0590 
32 .610 68 0526 
33 .590 69 .0460 
34 570 70 .0400 
35 Peo 5° 71 0345 
36 520 72 .0295 


With this table we are now prepared 
to determine the necessary candle- 
power of the units, and their heights 
and relative distances apart; or if, as 
in this case, there are special struc- 
tural reasons for placing the units in 
given positions, to determine the nec- 
essary candle-power of the units to 
produce the desired intensity. 

To begin, make an estimate of the 
candle-power required, and determine 
whether the candle-power of the light 
thus assumed is too great or too low. 


If too great, a second trial is made 
to determine how much it should be 
reduced. Thus, by making a few ex- 
periments, and determining the re- 
sults, the correct candle-power can 
soon be arrived at. If this method 
of working appears unscientific, let it 
be remembered that weighing with 
balances is carried out by exactly this 
method of guessing and eliminating. 
After a little practice, furthermore, it 
will be found that the first guess will 
be surprisingly near the truth; just as 
the experienced manipulator will guess 
nearly at the weight of a body. For 
the general illumination of the room, 
as we have already said, a very mild 
intensity is desirable, one-half foot- 
candle being ample to enable one to see 
ordinary oak furniture plainly and 
without its appearing either unduly 
dark or bright. 


L 





FIG. 4. 


In regard to symmetry, either the 
room may be considered as a whole, 
or as made up of divisions outlined by 
the columns. In the present case, as 
the general effect is to be that of a 
single large room, it will perhaps be 
best to place the lamps symmetrically 
with regard to the ceiling taken as a 
whole. Such an arrangement is shown 
in the diagram, Fig. 1. As the ceiling 
on this floor is 16 feet high, there is an 
opportunity for varying the height of 
the lamps within considerable limits. 
Let us assume for trial a drop of 3 feet 
from the ceiling, or 13 feet from the 
floor. 
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Taking now the No, 3 unit, we com- 
pute the intensity of illumination on 
the floor directly underneath. ‘This 
proves to be .54 foot-candles. We will 
next determine the intensity produced 
on the floor at a-distance of 18 feet; 
that is, at a point directly under the 
adjacent lamp. By drawing a right- 
angle triangle having a base equal to 
18, and a height equal to 13, we find 
the angle of this ray to be 54 degrees. 
Taking the intensity of the light at 
this angle from the distribution curve, 
we find the resulting intensity to be 
.o7 foot-candles. It will be seen that 
the intensity falls off so rapidly that it 
is hardly worth while to make compu- 
tations beyond this angle. Making 
similar computations at intermediate 
angles, we can lay out the curve of in- 
tensity, A B, Fig. 5. To obtain the 
illumination from two lamps, we plot 
a similar curve, C D, Fig. 5, made by 
adding the values of the illumination 
at each point. By this last curve we 
find that the illumination is approxi- 
mately uniform, and is somewhat 
above the minimum which we have es- 
tablished, and is sufficiently near the 
theoretical requirements for all practi- 
cal purposes. There will be a slightly 
less minimum at the center of the 
squares formed by four lamps, but it 
will be seen that these points are in 
comparatively unimportant positions. 
The arrangement of lamps, therefore, 
as shown may be considered as con- 
forming to the requirements of the 
problem. In the hallway and vestibule 





the No. 2 units will be found to give 
a sufficient illumination. 

There will be a space by this ar- 
rangement along the outer walls that 
will receive considerably less illumina- 
tion; but as the side walls are largely 
taken up with windows, which, except 
in total darkness, will produce more or 
less illumination, and as files or desks 
are not likely to be placed around the 
walls, it is not essential that the gen- 
eral illumination in this position be 
kept up to the maximum. 

In these calculations we have taken 
no account of the additional illumina- 
tion produced by reflection from the 
walls and ceilings. As reflectors are 
used over the lamps, and as the desks 
and -furnishings of: the room will 
naturally be of a dark color having 
little reflective power, it is best to neg- 
lect this factor altogether. 
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The Illumination 
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Among the notable buildings that 
have been erected in New York City 
within the past few years perhaps none 
has attracted more general attention 
than the theater building known as the 
Hippodrome. Since theater buildings 
are always viewed by artificial light 
alone, their illumination is of special 
interest. The Hippodrome is claimed, 
probably rightfully, to be the largest 
and most expensive playhouse in the 
world. It will seat 5,200 persons, and 
represents an outlay of $1,750,000. 
The stage alone is larger than many a 
whole theater, being 200 feet wide be- 
tween walls, with a total depth of 110 
feet. It fronts the entire block on 
Sixth avenue between Forty-third and 
Forty-fourth streets. 

The exterior of the building, as 
shown in the illustration, is rather 


NEW. YORK. Stuoio, 


of the New York Hippodrome 


ELLIOTT. 


severe in treatment, and does not at 
once give an impression of the enor- 
mous proportions on which it is built. 
This simple fact is in itself a high com- 
pliment to the architects, for it is an 
evidence of a high degree of skill and 
judgment. The same general state- 
ment applies also to the interior. So 
well are the proportions kept through- 
out that one does not at first realize the 
enormous dimensions and _ seating 
capacity of the auditorium. Notwith- 
standing the large dimensions the seat- 
ing of the house is so arranged that 
the stage seems near the spectator, 
and in every. case is in perfect view. 
This is accomplished by bringing the 
stage forward into the auditorium, so 
that about a third of it is in front of. . 
the proscenium arch. There are two,; 
galleries, as shown in the illustration. 
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On passing from the general en- 
trance on the Sixth avenue side, we 
first reach a crescent shaped foyer. 
The general scheme of decoration here 
is a particularly happy conception, and 
the illumination has been carried out 
in an admirable manner. The ceiling 


-™ is supported by pilasters having ele- 


phants’ heads worked into the capitals, 
with the tusts tipped with four-inch 
round opaline lamps, while three two- 
inch frosted lamps rest on top of the 
head, as shown in the cut below. 





The illumination in the auditorium 
is by individual lamps studded in the 
ceiling. This method of lighting is 
one which requires especial care and 
judgment in order to obtain successful 
results. In this particular case it has 
been worked out with consummate 
skill. The general form of the ceiling 
is that of a dome supported at four 
points, the four sides being cut off on 
a line with these points of support, 
forming arches of large curvature. In 
the center of this dome there is a “stun- 
burst” containing 400 thirty-two can- 
dle-power lamps and 600 sixteen can- 
dle-power lamps with Holophane re- 
flectors. Surrounding this central 
portion of the dome there is a circle of 
lamps, while another circle is inscribed 
within the square formed by the sup- 
ports. Radiating from the smaller to 
the larger circle there are twelve lines 


of lamps marking the segments of the 
dome. The thousand lamps used in 
this are 8 candle-power. Alternate 
red and white lamps are studded di- 
rectly on to the arches between the 
supports, and another row is placed on 
the outer faces of the arches. It is this 
outer row of lamps that is used for 
the general illumination during the 
larger part of the performance. These 
lamps being placed back of the arch- 
ways, are shielded from the direct vis- 
ion of the spectators throughout the 
larger part of the auditorium. This 
arrangement is highly satisfactory, 
since it avoids the eye-weariness that 
results where even a few lamps are 
within the range of vision for a con- 
sirable length of time. When the en- 
tire installation on the ceiling is lighted 


the effect in the theater is exceedingly 


brilliant. 

Around the proscenium arch on the 
auditorium side there is a border con- 
taining 600 sixteen candle-power 
lamps. These are supplied by the ser-. 
vice mains from the United Electric 
Company, and are so connected that 
should the main service supplied by 
the New York Edison Company be 
interrupted, these emergency lamps 
will be switched on, and furnish suff- 
cient illumination to enable the audi- 
ence to leave the theater easily if nec- 
essary. 

The entire illumination of the body 
of the theater is from the ceiling lights, 
there being no lights around the fronts 
of the galleries nor on the side walls, 
with the exception of signal lights in- 
dicating exits. The equivalent of 12,- 
000 sixteen candle-power lamps are 
used in this manner. 

Some illuminating engineers may be 
inclined to criticize the placing of so 
many bare lamps on the ceiling; but 
let it be remembered that this ceiling 
is unusually high and inaccessible, and 
that frosting lamps decreases their 
useful life from 25 per cent. to 40 per 
cent. The renewing of lamps in this. 
case is an item of most serious im- 
portance. Since lamps in the central 
dome only need to be lighted for short 
intervals during the intermissions, no» 
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serious inconvenience from the bare 
filament is felt; while the greater in- 
trinsic brilliancy of the bare lamps un- 
doubtedly adds to the gorgeousness of 
the general scheme of illumination. 

For the minor illumination of pass- 
ageways, etc., cluster fixtures are 
used, about 600 lamps being used 
throughout the building in this man- 
ner. 


Taken as a whole, the general illu- 
mination of the theater has been pro- 
vided for in an admirable manner, pro- 
ducing a thoroughly satisfactory vis- 
ual effect, and conforming to the gen- 
eral air of simple and _ well-propor- 
tioned lines upon which the entire 
building is constructed. There are few 
modern buildings in which the illu- 
mination can be so unreservedly com- 
mended. | 

Although stage lighting is a special 
art with which the ordinary illuminat- 
ing engineer may never have occasion 


to deal, and with which he would or- 
dinarily, as a matter of fact, be incom- 
petent to deal, it is nevertheless a mat- 
ter of general interest. 

The problem of lighting a stage in- 
volves two main propositions: first, 
light must fall upon the stage from all 
directions,—front, rear, the two sides, 
above, and below; second, all of the 
light-sources must be practically hid- 





ELMER S. DUNDY. 


den. Besides this general illumina- 
tion, special objects on the stage re- 
quire special illumination, and electric 
lamps may be used as parts of the vis- 
ible decorative effect. 

The general illumination of the Hip- 
podrome stage is provided for in the 
following manner: Back of the flies 
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and near their lower edge are placed 
rows of incandescent lamps set in 
troughs painted white on the inside. 
There are 3,700 thirty-two candle- 
power lamps thus placed. These are 
arranged on four circuits, part of the 
lamps being colored. In front of the 
stage in the usual position, are 600 
thirty-two candle-power lamps used as 
foot-lights. These are divided into 
green, blue, and white. Just back of 
the proscenium arch are placed 170 
thirty-two candle-power lamps, and 
immediately above 160 reflector lamps 
of 50 candle-power rating. 

The strongest illumination for ordi- 
nary stage work is required to be from 
the front; to furnish this 25 projecting 
arc lamps, each consuming from 25 to 
50 amperes, are placed in the front of 
the upper gallery. Over the boxes on 
each side there are six projecting arc 
lamps of 25 to 50 amperes’ capacity, 
and on a special bridge at each side of 
the proscenium arch are similar bat- 
teries of 8 lamps each. On a swinging 
bridge above the proscenium arch 
there is another battery of eight 50 
ampere projecting arcs, and 8 smaller 
arc lamps above the center of the stage. 
Back of the proscenium arch at the 
sides there are bridges with twelve 
50 ampere lamps each, and over the 
switch-board, at about twice the height 
of these bridges, is another battery of 
twelve 50 ampere projecting lamps. 
In the ceiling of the theater immedi- 
ately above each corner of the stage 
there are openings, above which are 
placed 75 ampere projecting lamps 
which throw their light directly down 
on the front of the stage. 

To prevent shadows from this light 
directed from the front, incandescent 
lamps are placed in troughs containing 
r2‘liehts each) backsot the set pieces 
at the ‘rear of the stage, there being 
125 of these troughs used. There are 
also 10 fixed troughs containing 12 
thirty-two candle-power lamps each. 
Besides these, nine 50 ampere arcs are 
used as portables on the floor at the 
rear of the stage. 

Besides the lamps regularly in- 
stalled, there are used in addition, in 


the “Court of the Golden Fountains” 
1,700 eight candle-power lamps _at- 
tached to, 2the rscenery it the pace 
ground, and 1,800 lamps varying from 
4 to 32 candle-power on the scenery 
in the foreground. The wiring con- 
nections for all of these special lamps 
must be strictly in accordance with the 
regulations of the Fire Underwriters 
and the city authorities, and must be so 
arranged as to be quickly put in place 
and removed. The connections are all 
with flexible cord; circuits coming in 
contact with water are through cable 
enclosed in a special rubber hose, The 
connections are made by plugs in the 
floor of the stage; and so carefully 
have all the details been worked out 
that the entire electrical connections 
for the setting of this scene can be 
made in one minute. 

The incandescent lamps used in the 
stage lighting are equivalent to 12,- 
000 sixteen candle-power lamps. The 
projecting arc lamps, of which there 
are I12 altogether, undoubtedly are 
equivalent in- total light producing 
power to at least five times as many 
enclosed arc lamps with clear globes, 
thus equaling 560 ordinary arc lamps. 

All of this vast array of lamps must 
furthermore be so connected as to be 
operated from a single switch-board, 
and in the case of a majority of the in- 
candescent lamps, connected with re- 
sistances, or “dimmers,’. by which 
their candle-power can be reduced. 
The switchboard and dimmers are 
placed on bridges at one side of the 
stage, a view of which is shown in the 
illustration. The switching of all of 
this enormous quantity of current is 
done by the ordinary push button 
flush switch, such as is used in dwell- 
ing houses for lighting up the ordi- 
nary chandelier. These switches oper- 
ate on the relay principle, making elec- 
trical connections which operate the 
main switches. The dimmers are 
shown above the switchboard, and are 
connected by cords to the levers on 
the switchboard by which they are 


operated. 


If these figures as to the number of 
lamps and quantity of light used seem 
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exaggerations, a contemplation of the 
actual size of the building, and particu- 
larly of the stage, will help to form a 
just conception of the requirements. 
There are two or three theaters in 
Newey york City, running “standard 
high-class attractions, either of which 
could be placed on the stage of the 
Hippodrome without perceptibly inter- 
fering with the regular performance; 
and a majority of theaters could be 
placed upon the stage and still leave 
a considerable amount of room. The 
curtain at the rear of the stage is 185 
feet long and 65 feet high. 





SWITCHBOARD AND “DIMMERS.” 


While electric light is used without 
stint in the production of the marvel- 
ous scenic effects on the stage, it has 
also been used with equal lavishness 
on the exterior to proclaim to the way- 
farer the attractions within. At each 
Of ihe Sixth avenue corners there is a 
skeleton ball outlined with lamps, 
lamps being used also for various 
other outlines, as shown in the illustra- 
tion, 3,000 lamps in all being used for 
this purpose, ranging from 4 to 32- 
candle-power, mostly 16. The three 
signs on the front, or Sixth avenue 
face, reading “Hippodrome” have let- 
ters four feet high. The vertical signs 


on the corners are virtually -double 
signs facing two ways at right angles. 
These permanent signs use 800 lamps, 
while the central sign uses about the 
same number. 

To supply the current for the light- 
ing three service mains enter the build- 
ing, two from the New York Edison 
Company, and one from the United 
Electric Light & Power Company. The 
main service from the Edison Com- 
pany has a capacity of 10,000 amperes, 
and the smaller service main from the 
same company, of 3,000 amperes. The 
emergency service main from the 
United Electric Light & Power Com- 
pany has a capacity of 3,000 amperes. 
In the last act of the present perform- 
ance, practically the entire capacity, 
except the emergency, is used. There 
are over 4,000 central station in the 
United States; the maximum output 
of a majority of these stations is less 
than the amount of current used on the 
Hippodrome stage. 

The present installation of stage 
lighting, together with the marvelous 
scenic effects that are produced by 
special lighting, are all due to the pres- 
ent Chief Electrician, Mr. Charles De- 
Soria. On account of his slight stature 
and youthful appearance, Mr. De- 
Soria might well be mistaken for a 
particularly alert and intelligent mes- 
senger boy. The magnificence of the 
work he has accomplished seems all 
the more wonderful when it is learned 


that he has never enjoyed the advan- 


tages of a technical education, but has 
“picked up” the whole matter from his 
own study and ingenuity in his leisure 
time. He has literally grown up in the 
theater, having been assistant treas- 
urer, counting up receipts and: ex- 
penditures with managers before he 
had achieved the dignity of long trou- 
sers. His one simple rule, which has 
invariably led to success in his vari- 
ous capacities, has been: “the way to 
do a thing is to go at it and do it.” 
Higher mathematics, intricate physical 
laws and theories he leaves to those 
who do their work on paper; but for 
producing actual results he depends 
upon judgment and common sense, 
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FREDERICK THOMPSON. 


backed by intelligent observation; and 
on this basis he has ‘made good” in 








By Courtesy of the American Architect. 


every instance. In his youthfulness 
and previous inexperience in this par- 
ticular line he is a fit companion for 
Messrs. Thompson and Dundy, the 
originators and managers of the en- 
terprise. 
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By Courtesy of the New York Edison Co. 


In conclusion, a single thought may 
be added for the cogitation of the il- 
luminating engineer: 

Without the electric light what 
would the Hippodrome be? 


CHARLES DE SORIA. 
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the World 


By Paut H. JAEHNIG. 


Oft times in illuminating engineer- 
ing, there are problems that present 
themselves, which are difficult to solve 
satisfactorily, and which raise a doubt 
in the mind of the engineer as to the 
ultimate outcome of his plans. While 
the natural laws of light and illumina- 
tion are thoroughly understood and 
can be readily applied in most ‘cases, 
yet a case may arise where the appli- 
cation of these laws give the engineer 
little or no idea as to whether his 
solution of the problem will give the 
result he seeks to attain. In other 
words, there are certain problems in il- 
lumination which can be successfully 
solved only by experiment. 

Such cases may arise where the 
problem is of such magnitude, or is 
so out of the ordinary, that there is 
no data available to guide the engineer 
in working out his plans. 


It was just such a problem that con- 
fronted the engineer when he was 
commissioned to prepare plans for the 
illumination of the mammoth sign on 
the side of the building of the Butter- 
ick Publishing Company, Ltd., facing 
the North River and located at Spring, 
Van Dam and McDougal streets, New 
York City. 

When the illuminating engineer first 
took hold of the problem, he was con- 
fronted with the following conditions: 
The building is seventeen stories high, 
painted a light buff, and near the top 
is a sign 225 feet long, painted in 
black letters, reading’ BUTTE REGKs 
the letter B being 68 feet high, while 
the balance of the letters are 50 feet 
high, with members 5 feet wide for all 
letters, except the B, which has mem- 
bers 6 feet wide. It will be noticed, 
by referring to the cut Fig. 1, that the 
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letters at the end of the sign are 
crowded closer together than those at 
the beginning. The reason for this is, 
that when the sign was painted on the 
building, the blank wall spaces be- 
tween the windows had to be used as 
far as possible for a background for 
the upright members of the letters. It 
must be borne in mind that the wall 
does not present an unbroken surface 
for the sign, but is literally honey- 
combed with windows, and in addition 
to this, there is a large fire escape that 
crosses the middle of the sign. 
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Having this data at hand, and bear- 
ing in mind the magnitude of the un- 
dertaking, together with the very im- 
portant fact that we have a black let- 
ter on a light background, the problem 
of how to properly illuminate the sign 
becomes a serious one, in the solution 


of which, the engineer has no data to 


guide him. How then, is the engineer 
to meet the situation, how is he to 
formulate his plans with no available 
data? He must simply make his own 
data to suit the case in hand, in other 
words, he must experiment, as this is 


the only way he can determine defin- 


ately how to prepare his plans and be 
assured of ultimate success. It was by 
experiment that data was obtained, 
from which, the final plans for illu- 
minating this sign were worked out. 


The experiments conducted in connec- 
tion with this sign to determine the 
best method of illuminating it, showed 
some very interesting results, besides 
presenting other problems which re- 
mained to be solved. 

It must be borne in mind, that, when 
the order was given to illuminate this 
sign, the Butterick Publishing Com- 
pany did not wish a brilliant sign, that 
is, one that would illuminate part of 
the water front as well as the building, 
but, instead, desired a clean cut, clear 
outline of each letter, so that the sign 
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would be legible as far as it could be 
seen. 

Referring to the experiments con- 
ducted, the first question to be deter- 
mined was the spacing of the lamps, 
and, incidental to this, the question of 
the candle-power of the lamps. In 
carrying out the experiment, strips of 
lamps were prepared consisting of 
porcelain receptacles mounted on a 
wood strip four inches wide, and made 
in. leneths ofyso feet. Uhere were’ six 
sets of these strips provided with 
lamps, spaced 6 inches, 12 inches, 18 
inches and 24 inches apart. In addi- 
tion to this, there were provided lamps 
of four, eight and sixteen candle- 
power, both clear and frosted. The 
vertical members of certain letters 
were then selected, and on the face of 
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these members, all the strips of lights 
provided were installed, with lamps 
of different candle-power half being 
clear and half frosted. The first selec- 
tion of lamps with respect to spacing, 
resulted in placing the higher candle- 
power lamps in the strips with greater 
distance between the lamps, while the 
lower candle-power lamps were put in 
the strips with the smaller spacing. 

After the strips were all in place 
and burning, a trip was taken on a 
P. R. R. ferry boat running to 23d 
street, so that the result might be 
viewed from different points along the 
water front. The result of this first 
experiment was not entirely satisfac- 
tory, inasmuch as the right combina- 
tion of spacing and candle-power was 
not hit upon at this time. In addition 
to this, another very serious problem 
presented itself. It will be remem- 
bered that the last few letters of the 
sign are crowded close together, and 
that the sign itself consists of black 
letters painted on a light background. 

The experiment brought out the 
fact, that, because of the combination 
of black letter and light background, 
coupled with the fact of the letters be- 
ing crowded close together, there was 
a tendency to run together, as it were, 
that is, the light from the strips in ad- 
jacent letters would blend, thus de- 
stroying that clear sharp outline of 
each letter, so much desired. 

The second experiment was con- 
ducted along the same lines, and in 
this experiment was determined ex- 
actly which combination of spacing 
and candle-power would give the best 
result, that is, a four candle-power 
lamp spaced 18 inches apart. This 
was the combination that was finally 
used throughout the sign. 

The other important fact that this 
experiment determined was, how to 
preserve the clear sharp outline for 
each letter. This was accomplished 
in the following manner: 

The members of each letter being 
five feet wide, the illuminating strip 
was placed one foot from the edge of 
the letter all around, making the two 
strips forming the outline of the let- 


ters. three feet apart. On the outer 
edge of the strip, that is, the side away 
from the center of the member, a light 
shield or band was arranged so as to 
cut off all light from the lamps on one 
side of the strip. This shield was ar- 
ranged so that its upper edge was 
even with the top of the lamp filament, 
thus cutting off the direct rays on the 
light background, and preserving the 
clear outline of the letter. The shield 
is so designed that it does not obscure 
the lamps, even though the sign is 
viewed at a very acute angle. This 
arrangement tends to confine all the 
light to the body of the letter, and al- 
lows none to fall directly in the back- 
eround. This arrangement is clearly 
shown in Fig. 2, which is a cross sec- 
tion of the light strip on the sign at 
present. Having now sufficient data 
to assure one of the definite results, 
we are ready for a practical applica- 
tion of this data, in other words, we 
are ready to build the sign. This in 
itself is a stupendous undertaking, 
when one stops to think of the size of 
the sign, which is in fact, the largest 
electric sign in the world. 

As was stated above, the sign was 
painted on the wall long before the 
question of illumination came up, and 
it was up to the builder to make a 
sign to fit the one on the building; in 
other words, he must make his work 
conform absolutely to each individual 
letter in the painted sign. In carry- 
ing out the practical construction and 
erection of the sign, required consider- 
able engineering ability and experi- 
ence in sign construction, inasmuch 
as there seemed to be a continual se- 
ries of problems constantly arising 
which had to be solved, and on the cor- 
rect solution of which depended, in a 
great measure, the success of the 
whole undertaking. 

In carrying out the practical work, 
the first thing to be done was to have 
a large photograph of the side of the 
building, made from a nearby roof, 
showing the painted sign and its rela- 
tion to windows, fire escapes, etc. This 
photograph was then accurately scaled 
by means of measurements taken at 
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the building. From this photograph 
a scaled plan was drawn, and this 
plan, in conjunction with measure- 
ments taken of each individual letter, 
formed the basis of the actual con- 
struction work. Each letter was then 
carefully laid out full size on the floor 
of the shop, from which the actual 
sizes and shapes of the various strips 
forming the letters were made. 
The construction of this strip work 
is best understood by referring to Fig. 
2. It will be noted that the back of 
the strip work is made from thor- 
oughly seasoned pine lumber 7% 
inches thick and four inches wide. 
After the lumber was cut to the re- 
quired size and shape, it was thor- 
oughly saturated with a waterproof 
compound by immersing it in a tank, 
and both sides were covered with 
heavy sheet steel, to make it fireproof, 
and this was also waterproofed. The 
lamp receptacles were fastened to this 
strip at regular intervals. For the 
protection of these receptacles, a gal- 
vanized iron channel was provided, 
arranged to fit over the edges of the 
strip and fastened to it with brass 
screws. This strip was provided with 
the required openings for the lamps, 
corresponding to the receptacles as 
shown in Fig. 3. These openings were 
made large enough to accommodate 
a rain cup, a very simple and ingen- 
ious device designed to keep the rain 
and snow from entering the strip 
work, and thus destroying the vital 
parts of the work. This “rain cup” is 
a cone shaped metal cup or shell with 
a flanged opening at one end about 
two inches in diameter, which fits the 
opening in the strip work and is se- 
curely soldered to it, and an opening 
at the other end about 1% inches in 
diameter, which just allows the neck 
of the lamp to pass through. This 
can be better understood by referring 
to Fig. 2. In addition to the rain cup, 
another simple device was employed 
to keep the rain out of the strip, which 
might be called a rain shedder. This 
device was similar to a rain cup cut in 
half on a line at right angles to the 
plane of the openings in the cup. 


These rain shedders were soldered to 
the outside or face of the strip work 
just above the lamp openings, and 
tended to divert the rain, that might 
be washing down the face of the strip, 
away from the lamp openings. 

After the metal work for the strips 
was completed, it was painted both in- 
side and outside with one coat of red 
lead and two coats of dead black 
water-proof paint, to protect it from 
the action of the elements, and also to 
make it invisible in the day time, so as 
not to detract from the appearance of 
the sign by day. 

While the strip work for each indi- 
vidual letter was laid out on the floor 
of the shop, yet it was necessary to 
make the strips in. sections or con- 
venient lengths to enable it to be 
transported, handled and erected. This 
required considerable engineering to 
make sure that all parts would fit 
when they were ready to be erected 
on the wall. , 

All the work of erecting the strips 
had to be done from a swinging scaf- 
fold, and this was not the most se- 
cure place to attempt to make any al- 
teration if the parts did not fit. 

The question of securely fastening 
the strips to the wall next presented 
itself. This was solved in the follow- 
ing manner: A cast-iron chair 14 
inches wide was provided with a bolt 
hole in each end, and this chair was 
fastened to the brick wall at regu- 
lar intervals by means of expansion 
bolts. This chair answered a two-fold 
purpose, first, it supported the strip 
work about 214 inches away from the 
wall, thus preventing any rusting of 
the sheet metal in the strip work, 
which would be the case were it tight 
against the wall, and, second, it pro- 
vided means for concealing and sup- 
porting the circuit wires leading to the 
various parts of the letters. Fastened 
to the back of the various sections of 
the strips were flat iron tongues, or 
clamps, with an offset equal to the 
thickness of the chair, and these 
tongues or clamps were spaced to 
match the chairs exactly. The strips 
were then hung on the chairs and 
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when the clamps were finally tight- 
ened, the strips were absolutely rigid, 
in other words, they were there to 
stay. 

The wiring of the sign will soe 
claim our attention. Near the center 
of the roof in the tank house, a heavy 
feeder terminates, coming direct from 
the main switchboard in the basement. 
From this point, three three-wire sub- 
feeds were run with lead covered 
cable in iron conduit, across the roof 
to three distributing panel boards. 
These panels are of the regular type 
provided with plug fuses for the 
branch circuits, and each has a main 
switch. They are enclosed in heavy 
sheet steel boxes made water-proof 
and are mounted on the parapet wall 
directly above the sign, one near the 
middle and one near each end. From 
these panels, the branch circuit wires 
are carried to the various portions of 
the individual letters. This portion of 
the wiring is done with lead covered 
duplex wire. Where the leaded wire 
Fuliseinathes PACK Ola vie. Strips... 1taas 
securely fastened to the chairs above 
mentioned; and where it leads to the 
panel board, it is served with marline 
and supported by large. porcelain 
clamps. 

The construction throughout, both 
in the sign itself and in the erection 
and wiring, is the very best obtainable 
and represents the highest develop- 
ment of the art along these lines, as 
no time or expense has been spared 
to make the entire installation a last- 
ing one, one that will stand the test of 
tinue. 

These, then, were the problems that 
confronted the engineer when he was 
commissioned to build the sign, and 
how well he has met and solved them, 
we leave to the reader’s own judg- 
ment, remembering the monument to 


his skill still stands and will continue: 
to stand for years to come. 

The Butterick sign as it stands to-- 
day, contains exactly 1,134 4 candle- 
power 5 watt per candle-power lamps,,. 
which gives a total current consump- 
tion of 22.68 kw. per hour, which, at 
arate of five. cents; perakw. enour, 
brings the cost up to $1.134 per hour. 

The advertising value of the sign,. 
because of its very conspicuous loca-. 
tion, can hardly be estimated, and. 
when the low cost of operation is con-- 
sidered in connection with the results: 
obtained, it is very evident that it is. 
a paying venture for the owners. 

In the construction of this sign,. 
there were used over 1,700 feet of the 
strip work, over 500 cast-iron chairs, 
requiring over I,000 expansion bolts 
and necessitating over 1,000 holes to- 
be drilled into the brick wall to hold’ 
the chairs in place. 

The sign is divided into 60 Ronn 
circuits, requiring over 4,000 feet of 
leaded. duplex wire to run from the 
panel board to the various parts Otte: 
sign. 

In order to seplace buried jou 
lamps, a boatswain ‘chair was pro- 
vided, operated with a tackle and 
fastened to a portable boom on the- 
roof. With two men operating this 
device, lamp renewals are quickly 
made, as it is a simple operation. 

Aside from the illuminating engi- 
neering, the mechanical, as well as the 
electrical features of the installation 
were so well planned and carried out 
as to command more than passing 
notice. Taken. all together seitmtcaa 
wonderful piece of work, and the more 
one considers the many details that 
had to be thought out, and the many 
difficulties to be surmounted, the more> 
one wonders how it was all so success-- 
fully executed. 


THE ILLUMINATING ENGINEER. 83 





DESIGNS BY HENRY THIEBAULT & SONS, PARIS. 


“Art Nouveau” in Fixture Design 


It has often been said, and with 
much truth, that the design and con- 
struction of fixtures has not kept pace 
with progress in the production of 
light, and more especially has failed to 
take advantage of the wide field of 
possibilities presented by the advent of 
the electric lamp. When illuminating 
gas becomes a commercial illuminant, 
the chandelier (i. e. candle support) 
was changed only by making the arms 
hollow in order to permit the passage 
of gas; and when finally the electric 
lamp supplanted the gas flame, the 
designer merely put wires through the 
gas pipes and attached an electric 
lamp in place of the gas burner. And 
so, even up to the present time, there 
has been no considerable divergence 
from the forms of construction and 
design that were in use before illu- 
minating gas was known and candles 
afforded the highest type of light pro- 
duction. Art critics have also had 
equal occasion to accuse the architect 


of a like sterility of invention, and a 
tendency to merely recombine and re- 
hash the principles that were perfected 
by the ancient builders. 

Efforts to break away from these 
traditional forms and to create some- 
thing absolutely new in its fundamen- 
tal motif should therefore always be 
encouraged, to the end that some per- 
manent addition to art may eventually 
hecttltee Une taee that nose such. at- 
tempts in the past have been fruitless 
of permanent results is not sufficient 
excuse for ceasing further efforts. 
“Art Nouveau” (new art) is a term 
which has become familiar to many as 
designating a particular form of ap- 
plied art, used mostly in house decora- 
tion. In Europe, where the idea orig- 
inated, it has been taken up quite gen- 
erally by the designer of lighting fix- 
tures. The fundamental motif of this 
school of art appears to be a use of the 
graceful curves found in vegetation, 
particularly that of tropical and 
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CHANDELIER, BY CHAS. BLANC, PARIS. 


equatic origin, and a more or less 
faithful adherence to nature in the use 
of these curves rather than their re- 
duction to conventional forms. This 
principle lends itself particularly well 
to the design of fixtures for the sup- 
port of electric lamps, which seem to 
naturally fit into designs simulating 
fruit and flowers. The possible varia- 
tions on this theme are limited only by 
the difference of floral structures. 

A sharp distinction should be drawn 
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in applied art between simulation andi 
imitation. Metal of any kind worked. 
into the various shapes and forms of. 
fruits, flowers, or leaves, is pleasing. 
in itself, while at the same time afford- 
ing unlimited opportunities for skill. 
in workmanship, which always lends. 
an additional charm to applied art. 
In this case there is no intention, real. 
or applied, of deceiving the beholder ;. 
no one will mistake a metal leaf for a 
real “ones . Such? "a, constructionasis. 
therefore simulation, and not imita- 
tion ; for imitation may be properly de- 
fined as copying with intent to de- 
ceive. An opal glass tube, formed in 
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the exact shape of a candle, and placed 
in a candle-holder with saucer under- 
neath, is an imitation; for while it 
may not actually deceive any one, its 
manifest purpose is to give the im- 
pression of a real candle burning. A 
deception or a lie can never be the 
foundation of true art. 

In the simulation of the various 
forms found in nature glass may also 
be used with equal effect with the 
metals. Shades wrought into the form 
of the calix and corolla of.a flower 
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are welcome relief from the conven- 
‘tional etched or sand-blasted globe 


that has been worked out with unend- » 


ing monotony for centuries past. 
Art Nouveau fixtures have not thus 
far received much recognition from the 
American manufacturer; which fact, 
however, does not necessarily con- 


demn them as inartistic. Undoubted- 
ly they require a high degree of artis- 
tic taste in their design, and an 
equally high degree of mechanical ex- 
cellence in their construction; and we 
may as well frankly admit that both 
of these requisites are far more diff- 
cult to obtain in America than in 
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Europe. Still, if it shall prove that 
this form of applied art has in fact 
struck a new artistic principle, founded 
on the fundamental laws of esthetics, 
it is bound to make its way, even 
among the Philistines. It is at least 
worthy of the serious attention and 


study of the American designer who is 
willing to look beyond the conven- 
tional and often meaningless forms 
that have circumscribed his field of vis- 
ion for the past centuries, and is seek- 
ing for new fields of artistic expres- 
sion. 
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THE DISCUSSION OF PAPERS READ 
BEFORE THE ILLUMINATING 
ENGINEERING SOCIETY 


Even the most enthusiastic illumina- 
ting engineer must admit that the sci- 
ence and art of illumination in its 
present state is far from being thor- 
oughly established on accepted prin- 
ciples. It was one of the chief objects 
of the promoters of the society to bring 
together those interested in the subject 
for the purpose of discussion and ex- 
change of views; and without reflect- 
ing at all upon the value of the papers 
in themselves, it is quite likely that the 
- discussions of the papers will form, at 
least for some time to come, the more 
valuable part of the proceedings. It 
is to be hoped, therefore, that the full- 
est opportunity for such discussion will 
be provided. While subjects for papers 
are plentiful, and are likely to remain 
so, the temptation to use a large por- 
tion of the time for their presentation, 
with a consequent curtailing of the 
time for discussion, should be care- 
fully held in check. 

“Who. shall decide where doctors 
disdoree:, Very oiten the layman, 
who, unhampered by _ preconceived 
ideas, and seeking only practical re- 
sults, is in a position to give a decision 
of more value than that based upon the 
theories of the “doctors.” 

The discussions of the papers, as re- 


ported in this issue, left a number of 
points undecided and several question- 
able statements unchallenged.  Be- 
lieving that a further discussion and 
exposition of these papers, as well as 
of the papers that may hereafter be 
presented, would be of value, we cordi- 
ally invite anyone interested to con- 
tinue the discussion in the pages of 
Tue ILLUMINATING ENGINEER. We 
do this in the belief that valuable 
points may be brought out on mature 
consideration of the papers, that 
would not occur at the time of reading, 
and furthermore, that a written argu- 
ment is more likely to be confined to 
the actual and vital points under con- 
sideration than an impromptu oral dis- 
cussion. 


THE INVERTED INCANDESCENT 
GAS BURNER 


From the paper and discussion on 
this subject presented at the last meet- 
ing of the Illuminating Engineering 
Society it is evident that the future of 
this latest comer in the field of gas 
lighting is not yet absolutely assured. 
The word “inverted” as applied to this 
class of burners, and accepted by the 
makers, is an admission in itself that 
the natural order of things has been 
reversed; in other -words, that the 
burner in fact is “upside down,” as we 
suggested in our last issue. The 
natural course of a flame is upward, 
and the natural position of the combus- 
tible is underneath the flame. Both 
of these conditions must be reversed 
in the inverted gas burner. It is not 
surprising, therefore, as Mr. Rettich 
so. clearly pointed out in his paper, 
that many difficulties should have been 
encountered in the attempts to reverse 
this order of nature. It does not nec- 
essarily follow, however, that these ob- 
stacles may not be overcome to such a 
degree as to make a burner of this 
description practical; and the testi- 
mony of those interested in the pro- 
duction of burners is emphatically on 
the affirmative side of the argument. 
The attempt is undeniably in the right 
direction on general principles ; that is, 
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it aims toward a more sightly construc- 
tion of burner and lamp, and to a more 
economical distribution of the light. 
On account of the higher intensity of 
the mantle also a greater necessity for 
diffusion by some sort of a globe is ap- 
parent; both of which tendencies are 
toward better illuminating practices. 

The most vital question of all, how- 
ever, was not brought out either in the 
paper or the discussion, namely, the 
relative efficiencies as light-producers 
of the inverted and upright burners. 
By efficiency as a light producer we 
mean the ratio of the total or mean 
spherical candle-power to the gas con- 
sumed. It has been claimed that the 
inverted burner gives a higher effi- 
ciency on account of the pre-heating 
of the gases by their own combustion ; 
but some figures from careful tests on 
this subject would be highly instruc- 
tive. If this claim can be substantiated 
it will be a,very strong argument in 
favor of the inverted burner. On the 
other hand, if there is any considerable 
diminution of efficiency by reason of 
this method of construction, it seems 
_hardly likely that this form of burner 
can ever hold but a subordinate place 
in gas lighting. 

On this question of efficiency the re- 
sults obtained in the series of tests by 
Dr. Drechschmidt, of Berlin, Germany, 
are highly instructive. Dr. Drech- 
schmidt’s paper will be found reprinted 
in full in another part of this issue. 
From these tests it would appear that 
the inverted burner has decidedly the 
best of the argument as to efficiency, 
although the results are somewhat ob- 
scured by considerations of lower 
hemispherical intensity rather than 
mean spherical. Where lower hemi- 
spherical intensity is dealt with the 
only fair means of comparison with 
upright burners, is when they are fitted 
with the most efficient reflectors that 
canbe used. i Ifthe indications vot 
these tests prove to be true, and the 
total efficiency of the inverted burner 
be found in practice to exceed that of 
the upright burner, then its fight for 
supremacy may be considered won; 
for the incidental difficulties involved 


are morally sure to be overcome by the 
skill at the command of the various 
manufacturing companies. 

As the inverted burner unquestion- 
ably had its origin in a desire to com- 
pete with the electric lamp, both in ap- 
pearance and distribution, it is inter- 
esting to note that a very successful 
imitation of the electric lamp used in 
an upright position, is on the market. 
The small Welsbach burners thus 
made with a base like a lamp socket 
and with a chimney in the shape of a 
tubular lamp, or an imitation candle, 
are exceedingly clever in construction 
and ornamental in appearance, and will 
undoubtedly make a place for them- 
selves in dwelling house illumination. 


«ILLUMINATING ENGINEERING 
FROM THE ARCHITECT’S 
STANDPOINT”? 


The paper on the above title, which 
was presented at the last meeting of 
the Illuminating Engineering Society 
by Mr. Waldo S. Kellogg, who is as- 
sociated with the architectural firm of 
Carrere & Hastings, of New York, 
contains a number of points which 
the illuminating engineer should care- 
fully ponder. It has been the uni- 
versal complaint of those who have 
attempted to handle illumination on 
strictly engineering principles that, 
they have to combat the prejudices of 
architects. While there is undoubt- 
edly a considerable degree of justice 
in this complaint, it should be remem- 
bered that the illuminating engineer 
may also have his prejudices. 

Efficiency is not the sole aim and 
end of illumination, and the illumin- 
ating engineer who would be success- 
ful must not only be a student of art 
as applied in architecture and struc- 
tural decoration, but must have a ue- 
gree of natural taste and skill in this 
direction. Ina science that is profes- 
sedly not exact, there are ample op- 
portunities for producing the desired 
results without going counter to the 
individual tastes and preferences of 
the architect and decorator. The II- 
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luminating Engineering Society can 
do much toward removing these arch- 
itectural prejudices, and also in fos- 
tering in the illuminating engineer a 
respect and appreciation for the 
artistic methods which have so large 
an influence with the architect. 

Mr. Kellogg refers to the lack of 
uniformity in methods of rating com- 
mercial light-sources, and makes some 
very just strictures on this common 
evil, which seems to be growing rather 
than diminishing. The evident incon- 
gruity of rating incandescent lamps by 
their horizontal intensity alone has 
often been pointed out; but so long as 
the general public remained in igno- 
rance of the simplest principles of il- 
lumination, no sufficiently powerful 
influence arose to change this method. 
The spread of knowledge among con- 
sumers, however, has taken a sudden 
impetus, and:manufacturers are now 
showing a tendency to fall back on the 
still less logical method, of rating a 
lamp by its watts. As this is a new 
term to the public, and therefore en- 
tirely meaningless, the rating of a 
lamp by this method can have no other 
effect than to keep this important ele- 
ment of illuminating engineering in 
the fog. In some cases even the in- 
tensity of light in a certain direction 
produced largely by reflection, is 
given by intimation as the “candle- 
power” of the light. 

Mr. Kellogg’s warning against the 
tendency that has been prevalent ever 
‘since electricity became used for light- 
ing purposes, to increase intrinsic bril- 
liancy as well as the total flux of light, 
is also very timely, and should be 
heeded by both the manufacturer and 
the illuminating engineer. 





AN IMPORTANT DECISION RELA- 
TIVE TO DESIGN PATENTS 


It may be truthfully said that there 
is no trade or profession which is not 
interested in some phase of the patent 
law. The mechanic and artisan is in- 
terested in mechanical patents; deco- 
rative artists and designers, in design 
patents, and the literary and profes- 


sional man in copyright, which is a 
species of patent right. It is probable 
that no single provision in the funda- 
mental laws of the country has had a 
greater influence on its development 
than the patent laws; and yet there is 
no department of the general govern- 
ment which receives so scanty atten- 
tion. The reason for this neglect is 
exceedingly simple and apparent. It is 
simply due to the fact that the patent 
office cannot be turned to political ad- 
vantage in any way. Politicians may 
be said to be the only individuals in the 
country that have no use for it; and as 
the majority of legislators must always 
be classed as politicians, the cause of 
its neglect may readily be appreciated. 

It occurred to the present Commis- 
sioner of Patents that the design pa- 
tent law, which had been in operation 
since 1836, was defective, and at his 
requést the old law was wiped off and 
a new one of his framing put in its 
place by Congress. This change was 
made with no more general stir or dis- 
cussion than would arise from the in- 
troduction of a private pension bill. 
In carrying out this law, the Commis- 
sioner made a ruling which still fur- 
ther changed the practice of design 
patents. Probably no other officer in 
this or any other similar government 
is invested with such peculiar powers 
as is the Commissioner of Patents. His 
powers are both legislative, judicial, 
and executive. They are legislative 
in that the rulings that he lays down 
concerning patent law practice are in 
fact laws until they have been passed 
upon by a higher court; he is judicial 
in that he decides what may and what 
may not be granted patent protection, 
subject to review by a higher court. 
At the same time he is an executive 
officer in charge of the general busi- 
ness of the department. 

Acting in his capacity as legislator, 
the Commissioner prescribed the exact 
form in which a design patent applica- 
tion should be taken out, which eli- 
minated all worded description, the 
only form of claim allowed being, “a 
design as shown in the illustrations.’’ 
This would have been less objection- 
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able if the regulations as to drawings 
were modernized. All drawings are 
required to be in pen and ink, and to 
properly show by this means the de- 
signs which are patentable would re- 
quire the skill of an artist of the high- 
est qualifications. This provision as 
to drawings was made years ago be- 
fore the modern half-tone processes 
had been developed. In the present 
hivh state of these processes, and in 
view of its cheapness, the provision as 
to drawings should be entirely revised, 
and a photograph of the design, in- 
stead of being prohibited as now, 
should be required, for in no other 
method can the design be so clearly 
shown, and oftentimes the design can- 
not be shown by any other method of 
illustration. 

In refusing the privilege of describ- 
ing a design, the Commissioner un- 
doubtedly had in view the simplifying 
of the application, and possibly the pre- 
vention of mechanical claims from 
creeping into design patents, which 
could not be obtained strictly under 
the mechanical patent law. There are, 
however, many cases in which it is 
practically impossible to show, espe- 
cially by the kind of drawings now re- 
quired, the appearance of the “design 
claimed.” This is particularly true of 
designs on glass. Owing to its trans- 
parency, the configuration on both 
sides enters into the general effect as 
seen, and it is practically impossible 
to picture the effect of transparency. 
This fact was recently brought to the 
attention of the Court of Appeals on 
an appeal from the ruling of the Com- 
missioner-of Patents, in which Judge 
Deuel, ruled that “a description is not 
oniy proper, but necessary, and the 
claim should carry a description of 
the salient features of the design.” 


THE CO-OPERATIVE ELECTRICAL 
DEVELOPMENT ASSOCIATION 


The above title is that of a new or- 
ganization whose purpose is well ex- 
pressed in the phrase which has been 
adopted as the slogan of the Society: 
“All Together All the Time for Every- 
thing Electrical.” The ultimate object 





is to induce the public generally to 
make a larger use of electricity in all 
its forms. 

While this purpose is professedly 
purely commercial, aiming towards in- 
creasing the sale of apparatus and ma- 
terial required for the production and 
distribution of electricity, in its ulti- 
mate effect it stands for results which 
have a far wider and deeper signifi- 
cance than the mere increasing of 
profits and dividends. 

The use of electricity in every in- 
stance is an evidence of progress. 

An enlarged use of electricity means 
greater comfort, more of the refine- 
ments and pleasures of life, and less 
of that part of toil which is irksome 
and brutalizing. Whether it be in the 
freedom from smoke and cinders af- 
forded by electric traction, or the bril- 
liancy and comfort “of the; eleciqic 
light, or personal communication by 
telephone, or the uniting of nations by 
the wireless telegraph, or the electric 
heating of a chafing dish—electricity 
in every case is synonymous with bet- 
ter conditions for‘society and the indi- 
vidual: whatever agency therefore will 
increase its use is a real benefit to 
mankind. 

The entire work of the Association 
is accurately and briefly summed up 
by the well-known phrase, “A Cam- 
paign of Education.” The majority 
of mankind are conservative and are 
much influenced by precedent and us- 
age. The advancement brought about 
by the adoption of improvements and 
inventions is of a slow growth unless 
cultivated and stimulated by external 
influences; and the most potent in- 
fluence of this kind is that which is 
generally looked upon with disdain by 
the theoretical philanthropist,—that 
expressed by the term “commercial- 
ism.” 

The Co-operative Electrical Devel- 
opment Association should, therefore, 
receive the heartiest support, not only 
of those financially interested, but of 
every one who has at heart the general 
advancement of civilization. The pres- 


ent headquarters of the Association 


are at Cleveland, O. 
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THE LUMINOUS ARC ELECTRIC 
LAMP 


IB veto Ee Peror 


The discovery of the: electric arc 
was made a little more than a century 
ago by Sir Humphrey Davey, who 
produced it by means of current gen- 
erated by the thousand cell primary 
battery of the Royal Institution in 
England. The utilization of this dis- 
covery as a source of illumination 
necessarily had to await the discovery 
of a practical means of producing elec- 
tric current of sufficient voltage and 
capacity; and when such means were 
Secireda by, tue. perfection of the 
dynamo generator the arc lamp speed- 
ily became a commercial light-source. 

Following the means of generating 
and regulating the current supply 
there has been a continuous study to 
improve the immediate source of the 
light; that is, the electrodes between 
which the arc is’ formed. The ob- 
jects sought have been to decrease the 
consumption of the electrodes and 
render them of such uniform texture 
and composition as to produce a steady 
light. From the soft charcoal sticks 
of Davey to the compressed carbon 
rod of hard gas coke was a long stride 
toward the desired end. ‘Those coke 
carbons, with their copper platings 
to reduce resistance, might facetiously 
be said to have produced the original 
flaming arc; for as drops of melted 
copper ran into the are and particles 
of incompletely carbonized matter 
came in its path the arc would send 
forth such displays of green and yel- 
low scintillations as would put the 
modern flaming arc to shame in the 
matter of fantastic and lurid effects. 

The improvement in the quality of 
the carbon was a question of degree 


rather than of fundamental principles. 
The only radical improvement in the 
arc lamp itself was the discovery of the 
fact that the consumption of the car- 
bons could be greatly retarded by pre- 
venting the free access of air to the 
arc; or, in common parlance, by en- 
closing the arc. While this reduced 
the rate of consumption to less than 
one-tenth of that under the ordinary 
conditions, it also developed other fea- 
tures in the arc, notably the ability to 
maintain an arc at practically twice as 
great a voltage and a change in the 
distribution of the light and in its 
color. It is worth remark in passing 
that the popularity of the enclosed arc 
on its first commercial appearance was 
undoubtedly promoted to a consider- 
able degree by a mild form of “fak- 
ing.” It was discovered by the manu- 
facturer that, by the use of an opales- 
cent enclosing globe, the entire globe 
became apparently luminous, thus giv- 
ing the appearance of a large source 
of comparatively lower intrinsic bril- 
liancy; the lamps were commonly 
spoken of as “incandescent arcs,” al- 
though the arc itself had no more lu- 
minosity than did the ordinary open 
are. @ Ne elobe, Mmlllot ancandescent 
gas,” was an easy prevarication to 
palm off on the unsophisticated pub- 
lic and served to distract attention 
from the fact that the lamp was in 
reality far less efficient than the open 
arc which it sought to supplant. Un- 
like most cases of commercial faking, 
however, the ultimate results were 
highly beneficial; for it led the public 
to appreciate the fact that mere effi- 
ciency in the production of light is not 
the only thing to be considered in il- 
lumination and that there is such a 
thing as quality in light as well as in 
other commodities. The soft, diffused 
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light from the enclosed arc fitted with 
two opalescent globes was so mani- 
festly superior to the glaring, un- 
shaded open arc as to require no fur- 
ther argument in its favor. It had the 


further great advantage of requiring | 


much less attention, a feature which 
appealed particularly to the American 
public. | 

Thus, notwithstanding its inferiority 
as a light producer, the enclosed arc 
rapidly supplanted in this country the 
older form; but as methods of accu- 
rately measuring the light of arc 
lamps became perfected and their re- 
sults better understood the short- 
comings of the enclosed arc in point of 
efficiency became more _ generally 
recognized and this doubtless had 
some influence on stimulating research 
in the direction of securing a more 
efficient means of converting electrical 
energy into illumination. In the qual- 
ity of carbons with reference to their 
ability to withstand disintegration, lit- 
tle more was to be hoped for and ex- 
perimenters therefore began to look in 
exactly the opposite direction; that is, 
to the production of an electrode for 
the express purpose of its being con- 
sumed by the passage of the current. 

It is a well-known fact that the effi- 
ciency of light production is much 
greater from incandescent gases than 
from solids, and likewise that amor- 
phous carbon is one of the most in- 
efficient substances for the production 
of light radiations. Clearly, therefore, 
if other substances having higher light- 
radiating properties or matter in the 
gaseous state could be used as the 
radiating source a correspondingly 
higher efficiency would result. This 
fact is so obvious that, as might be 
supposed, researches along this line are 
comparatively old, much older in fact 
than is popularly supposed. The idea 
of introducing substances of higher 
radiating power than carbon into the 
electric are was made a subject of a 
patent by a French inventor as long 
ago as 1876 and researches in this line 
are of record in 1844. As researches 
by various competent experimenters 
both in this country and in Europe 


have since been pursued with a consid- 
erable degree of assiduity, as the nu- 
merous patents show, it seems rather 
remarkable that commercial results 
have been so long delayed; in fact it 
might also be said that the whole mat- 
ter had to be rediscovered. 

Foremost among the rediscoverers 
should be mentioned Bremer, who, ig- 
norant of the results of previous work- 
ers in the field, began in 1898 to work 
along these lines, and pursued them 
with indefatigable patience and in- 
dustry until an actual commercial re- 
sult was obtained. Without entering 
into a general discussion of the theory 
it will be sufficient for our purposes 
to understand that by the introduction 
of substances having a higher light- 
radiating power, such as salts of the 
calcium group of elements, into the 
electrodes, the arc itself is rendered 
highly luminous and becomes the prin- 
cipal source of light in place of the 
heated end of the positive carbon as 
in the case of the ordinary arc lamp. 

At this point attention for a moment 
may be called to a slight inconsistency 
in the use of terms. Arc lamps of this. 
description are popularly called “flam- 
ing arcs,” since the arc is luminous, 
like a flame. For the sake of scien- 
tific accuracy, however, it would be 
far better to use the term “luminous 
arc,’ since this work exactly describes 
the conditions and leaves the work 
“flame” to designate the phenomenon 
of combustion, to which it properly be- 
longs. 

By introducing the proper salts into ~ 
the carbon, on becoming heated by the 
passage of the current, they are vola- 
tilized and rendered incandescent. The 
hot gases thus generated furnish a 
path of less resistance than air for the 
passage of the current and thus per- 
mit of the electrodes being drawn 
much farther apart, thus producing an 
are Of muchiereater length (1 itow2.5 
inches) than is formed between pure 
carbons. 

The light being produced, as just 
stated, from the salts in the carbons, 
is of a different color, according to the 
nature of the substance used. With 
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the calcium salts it is of a golden tint, 
hardly distinguishable from the color 
of light of ordinary flames and incan- 
descent electric lamps, a fact which 
was happily expressed by an observer 
who, on first seeing the illumination 
produced by such a lamp, said “It 
looks like a bon-fire.” This yellow- 
colored light is, for purposes of ex- 
terior illumination, a decided point in 
its favor. The fact that blue light is 
the first to be absorbed by smoke and 
fog is well known, as shown by the 


red color of sunlight when seen under 
these conditions. The penetrating 
power of the yellow light of the lumin- 
ous arc is far greater than that of the 
blue and violet light from the open 
arc. For lighting foundries, iron 
mills, railway yards or any other large 
enclosure where smoke abounds the 
same advantage maintains. 

The various workers along these 
lines have not been satisfied, how- 
ever, with the production of light of 
yellow color only, but have sought to 
produce light of daylight quality, or 
so-called white light. The mere pro- 





duction of white light was not a diffi- 
cult matter, but it was found that car- 
bon producing white light were much 
less efficient than those producing the 
yellow. Recent improvements, how- 
ever, have been made and at the pres- 
ent time carbons giving a white light 
of remarkably fine quality are pro- 
duced. It is claimed, doubtless with 
perfect truth, that the white light thus 
produced is the nearest approach to 
sunlight of any of the commercial 
light-sources. 


eee a ee 
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In the matter of efficiency as a light 
producer the luminous arc is revolu- 
tionary. Measurements made by the 
Electrical Testing Laboratories with 
lamps producing the yellow light gave 
the following results, as compared 
with an enclosed arc: 


Lumi- En- 
nous closed 
Are. Are. 
Méan- amperes: c.e0n ch's 8. Bet 


Meanie voltsyatwarc.s 45. SI. 


Mean watts at arc......--. 360. 413. 
Mean spherical c. p....... 1020. 232. 
Mean lower spherical c. p. 1560. 260. 
Watts: pefani. s: Cap... . 0.353 1.78 
Wratistpetutmun C.D. ionic. 0.265 1.59 
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In actual light production the lu- 
minous arc is therefore practically 
five times as efficient as the enclosed 
arc. Ihe lamps tested) were run om 
direct current and were fitted with 
opaline globes of practically equal 
density. 

While the price of the carbons them- 
selves is higher than the price of the 
best pure carbons, the cost per candle- 
power hour figures out exactly the 
same. Ihe smallen@lampsscuneten 
hours with one setting of carbons and 
the larger lamps fifteen hours. 

It was found necessary by reason 
of certain special conditions to ma- 
terially modify the mechanism of the 
lamp itself for the successful use of 
the luminous arc carbons. Fusible 
matters introduced into the carbons 
have the tendency to form drops of 
slag, which interfere with the opera- 
tions ol, theslampait athecarbons-are 
placed one above the other. It was 
therefore found necessary to resort 
to an arrangement of the carbons side 
by side and inclined toward each other 
at a slight angle; thus again revert- 
ing to the arrangement of the Jablach- 
kott candle, theveachest=torm: ofrvare 
lamp to be publicly used. This neces- 
sitates the use of an electro-magnet 
placed above the arc to give the arc a 
downward curve and prevent its run- 
ning up the sides of the carbon. This 
arrangement has the advantage of giv- 
ing a natural distribution entirely free 
from shadows underneath. In prac- 
tical construction a concave porcelain 
plate’ sor <ctip gis placed= nmmediately 
above the arc, which protects the 
mechanism, steadies the are and acts 
as a reflector of the upward rays. 

Prof. Blondel has designed a lumin- 
ous arc lamp in which the carbons are 
placed one above the other, as in the 
ordinary form. The construction of 
the carbons is also different, from 
other commercial forms; but as the 
lamp has not yet entered the commer- 
cialeheld; atleast vin’ thisgcouniiyctt 
does not at present enter into a con- 
sideration of the practical side of the 
question. 

The distribution of light from the 


lamps now on sale in this country is 
practically the same as from the en- 
closed arc when used with opaline 
globes. A. comparison of the two 
curves from the tests above referred to 
is shown in Fig. 1. For exterior light- 
ing a somewhat broader curve would 
be rather more desirable. 

Owing to the much greater size of 
the light-source the intrinsic brilliancy, 
even with the lamps giving much 
higher total candle-power, is far less 
than with “theordinary vare;;except 
where the latter is diffused with very 
dense diffusing globes. 

With the carbons giving a white 
light the efficiency is said to be re- 
duced about one-half, but even in this 
case the efficiency is more than twice 
that of the enclosed arc and the qual- 
ity of the light superior in being free 
from the excessive blue and purple 
rays. 

On account of its greater length the 
arc is naturally very sensitive to air 
currents and it is therefore necessary 
to protect it from drdfts. Since there 
is also some vapor generated, which 
muct be allowed to escape, provision 
must be made for a restricted access 
of air and the discharge of the vapors. 
This is accomplished by providing a 
small inlet at the bottom of the globe 
and a corresponding protected outlet 
at the top. : 

Lamps are made to run on either di- 
rect or alternating circuits and on 
frequencies of sixty cycles and up- 
ward. As they require about 45 volts 
to the arc they are run two in series 
on I10-volt circuits or corresponding 
series on higher voltages. The me- 
chanical and electrical operation of the 
lamps as sold in this country seem to 
be entirely satisfactory. Thus far only 
lamps of foreign manufacture have 
been sold here, the general design of 
which is practically the same. One is 
manufactured in Germany and the 
other in England. The arrangement 
of the mechanism is show in Fig. 2. 
The lamps sell for about fifty dollars 
each. 

As the real virtue of the lamp lies 
in the composition of the carbons, 
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these are naturally claimed by the dif- 
ferent manufacturers to be either pro- 
tected by patents or kept secret. As 
the fundamental patents have long 
since expired, it seems unlikely that 
any monopoly can be maintained in 
this respect. The “trade secret” claim 
is one of the peculiar chimeras which 
often serve to deceive even the manu- 
facturer himself. In the present state 
of analytical methods, together with 
_ the susceptibility of the ordinary em- 
ployee to the seduction of “graft,” it is 
next to impossible to maintain the 
formula of any particular compound 
aS aesecret. 

The most serious objection that can 
be urged against the lamp at present 
is the greater amount of attention re- 
quired. It is in this line that efforts 
are at present mainly directed toward 
improvement, particularly toward com- 
biningsthe long life of the enclosed arc 
with the efficiency of the luminous arc. 
In view of the enormous increase of 
efficiency obtained, the improvement 
in the color of the light, its steadiness, 
and naturally advantageous distribu- 
tion, together with the rapid improve- 
ments that have been made within the 
last few years, it is safe to predict that 
the luminous arc lamp marks an epoch 
in electric illumination. 


INVERTED GAS MANTLE LAMPS 
By Victor A. RETTICH 


Opinions seem greatly divided as to 
the ultimate success of the inverted 
burners, some contending that to burn 
gas downward at the ordinary house 
pressure of less than two inches, is 
like trying to send water up hill with- 
out the requisite force in the pumps so 
to do. After a long discussion at a re- 
cent convention in England the ver- 
dict then was that the inverted lamp 
in its present form would not be a 
success. At the same time, no sugges- 
tions were put forward towards alter- 
ing the anomalous condition. On the 
other hand, it is contended that in 
preparing fowl for the table, a bunsen 


burner burning downward to remove 
the little pin feathers, acts just as well 
as when erect. Each of these argu- 
ments is right,'and yet each is wrong. 
The burner for singeing has no mantle 
on it, and is getting a full supply of 
oxygen to combine with the flame and 
if, satires prolonced user tthe sburner 
does heat up all the way, it matters 
little if the flame does have a tendency 
to show a luminous tip. When, how- 
ever, the same flame is enveloped by 
the mantle, the interstices or meshes 
in the knitting will seize upon and 
hold the free carbon with the conse- 
quent blackening of the mantle. 

When the gas is burning downwards 
at a low potential energy and all the 
parts are cool, it is enabled to give 
kinetic energy to the surrounding still 
air, but once the heating process 1s 
started, the air is no longer still, but, 
being rarified by the heat, commences 
to perform its physical function of 
convection, that is, rising by rarifica- 
tion. Therefore, unless the potential 
energy is sufficiently strong to over- 
come the upward tendency of the air, 
it is obvious that the gas must go 
through by itself without being pre- 
viously mixed with air and so delumin- 
ized by the process of oxidation, cool- 
ing and dilution and, consequently, 
burns with a luminous tip. 

Further, the mantle itself in its pres- 
ent form must cause a back pressure 
and so retard the rapid efflux of the 
mixed air and gas at the burner head. 
It seems to me that the knitting of 
the mantle has not been carefully 
studied out in the manufacture of in- 
verted sdmips. jen vumnantie of thicker 
cotton but with interstices of a much 
greater area should produce one of the 
same tensile strength as the present 
one and decrease the back pressure in 
the burner at the same time admitting 
More oxyoenetowitseinteriongs Inia 
paper which I read before the National 
Commercial Gas Association, on Janu- 
ary 25th last, I stated that the original 
incandescent gas burners had been 
made with the mantles underneath the 
burner, but in these cases the gas was 
under pressure so that the potential 
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energy of the gas could do the neces- 
sary work to maintain perfect com- 
bustion and, doutbless, where a light 
gas of low candle-power is supplied at 
a pressure exceeding 2-in, the inverted 
burner will give good results, but with 
New York gas of about 23 candle- 
power, with the pressure averaging 1.2 
in. to-1-5 10, the problém—isia very 
difficult one to solve. 

In 1895 an English patent was 
granted to Hancock, Craig & Hancock 
for an inverted burner, constructed so 
that no air is admitted to the burner to 
mix with the gas, the carburretted air 
or a mixture of air and gas being sup- 
plied to the burners already mixed and 
in proper proportions for burning and 
later in the same year a further patent 
was taken out in which the burner 
took in its own air. As far as I am 
aware neither of these burners was 
ever placed upon the market. I have 
a further recollection, but no data at 
hand, of the Rawson Bros., whose 
name is always associated with the 
collodinizing process for the mantle, 
taking out a patent for a similar de- 
vice, especially applicable to railway 
lighting. The short notice given me to 
prepare this paper does not permit ob- 
taining the exact particulars of this in- 
vention though it is distinctly within 
my memory. 

It would seem that inventors were 
trying to imitate an incandescent elec- 
tric lamp, for on looking over back 
patents, I find a patent granted to 
Bernt and Cervenka on October 15th, 
1901, for an inverted burner and on 
August 19th, 1902, one granted to 
Trenesreuter for a downward appear- 
ing lamp, that 1s, in which the shadow 
is reduced to a minimum. Both of 
these applications were filed in the 
year 1900, and each has the same ob- 
ject in using a heat insulator or isola- 
tor between the point of combustion 
and the gas inlet and nearer to the ig- 
nition point, each with the end in view 
of assuring an intake of cold air. In 
Tresenreuter’s specification, claim is 
made ‘for preheating the gas. Upon 
the merits or demerits of this process, 
it is not my intention in this paper to 


argue, though I strongly favor the 
idea of delivering gas and air at the 
coldest temperature possible. 

During my recent visit in Europe I 
was told that the sale of the inverted 
lamp was something enormous. Still 
I must confess I failed to see that even 
a small percentage of the burners in 
use were of the inverted type and if 
under the conditions met with there, 
that of a ten to fourteen-candle gas 
delivered at a good pressure, they have 
not been popularized, I cannot see that 
the burners in their present form are 
going to be a permanent addition to 
gas lighting appliances. The inverted 
burner has been on sale in Europe for 
the last four or five years and yet to- 
day a tremendous majority of burners 
are of the upward type fitted with a 
straight glass chimney and by means 
of suitable shades the light is directed 
exactly where required. One must 
cheerfully admit that the possibility of 
graceful outlines and designs is greatly 
extended when the gas is caused to 
burn downwards, but so far the pub- 
lic have not taken very greatly to the 
designs in which the mantle is so 
placed and the globe is so shaped as to 
present the appearance of an electric 
incandescent lamp. 

In 1899 or 1900 a large corporation 
of New York produced some very 
handsome designs in which a small 
upright burner was used and a stalac- 
tite or electric shaped globe provided 
to cover in the entire burner and bring 
the mantle in the exact position of the 
electric lamp filament, the whole pre- 
senting a resemblance to the decora- 
tive effect that one generally associates 
with electricity, yet the sale proved 
extremely limited. Whether they 
were four or five years too early with 
their designs, or the price was too 
high, remains to be seen. 

After a long series of experiments 
it seems that if, on first lighting, 
the burners ignite without flashing 
back and without noise, it will only 
be a short time before they will car- 
bonize the mantle. If on the other 
hand when the burner is so regulated 
as to give violent ebullition on start- 
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ing and in the course of five or ten 
minutes be silent, under most condi- 
tions this lamp will give the best re- 
sults. [am aware that it is asking the 
public to strain a point to submit to a 
poor light for the first five minutes and 
listen to a roaring noise, but they will 
be amply rewarded by the good light 
and silence that they will have when 
the equilibrium of the burner is found 
and maintained. 

I have noticed how difficult it is, 
when using a goose neck, to set the 
burner.exactly where I wanted it with- 
out experimenting with a number of 
washers. To overcome this I consider 
a lock nut with burner thread should 
be sent with each, accompanied by in- 
structions how to connect. 

We must look for an improvement 
in the method of connecting the man- 
tle to the clay or other holder. Ex- 
perience teaches that there is a strong 
inclination for these mantles to fall 
away at the point at which they are 
fastened to the holder. When a mantle 
is constructed for an upright burner 
the head is always strongly re-enforced 
and pleated, but with the inverted 
burner only a single thickness of the 
fabric is utilized to support the entire 
weight. Now, if the inside of the knit- 
ting were doubly or trebly folded and 
sewn together and then the asbestos 
thread tied around the entire double 
or triple thickness, a much better cush- 
ion would be provided at the weakest 
point. This may reduce the candle- 
power slightly, but this loss will be 
compensated for by the lengthened life 
of the mantle. 

The inverted burner has been re- 
cently condemned in New York City 
by the Board of Fire Underwriters on 
account of fires having actually started 
and many billiard tables, etc., having 
been charred by red hot carbon falling 
through the open base of the globe. 
Of course, the mantle itself will be 
cold the instant it is broken away from 
its holding, but red hot carbon is able 
to continue to glow long enough to do 
damage. Perhaps if the inverted 
burner can be constructed so perfectly 
as to avoid carbonization of the man- 


tle, the restriction of the Underwriters 
may be withdrawn or they may be 
satisfied to have the globe without any 
bottom openings. 

To classify the defects and objec- 
tions to the inverted lamps we find the 
following: 

1. Dangers of falling particles. 
Carbonization. 

Flashing back. 

Delicacy of mantle suspension. 
Flickering light at low pressure. 
Discoloration of chandelier arms. 
In many cases a difficulty in at- 
taching lamps so that they will be gas 
tight when set in the required direc- 
tion. 

8. Methods of gas regulation are too 
coarse. A much more delicate way is 
required. 

g. Liability of breaking mantles 
when removing glassware. 

10. Variations of diameters of globe 
rings, so that glassware is not inter- 
changeable with different makes of 
burners. 

I1. Variations in means of affixing 
mantles to burners. Manufacturers 
should get together and adopt one 
standard type. though each is naturally 
trying to protect his future trade in 
renewals. Still the public ought to be 
considered if the lamp is to become 
popularized. 

12. Too much heat thrown off in 
proportion to the amount of gas used. 

Varying claims are made as to the 
eliciencys Of sthe sinverted - burner: 
Whilst there can be no doubt that the 
light is vastly greater than the ordi- 
nary 16 to 32 candle-power electric 
bulb, still the light is so brilliant and 
glaring that it has to be toned down by 
ground glass or opaque shades, so that 
the actual candle-power that is utilized 
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is not to be compared with that obtain- 


able. 

It is a well-known principle in illu- 
minating that strong sources of light 
should be avoided as much as possible. 
Therefore this present seeking after 
high candle-power for the inverted 
burner must eventually resolve itself 
into placing them higher on the fix- 
tures than are the present upright 
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burners or else three or four smaller 
burners, so that they are above the line 
of vision, or else three or four smaller 
burners must take the place of one 
larger one. 

When the regenerative gas lamp 
was brought out it was then consid- 
ered a large source of light. This lamp 
can justly be termed as being of the 
inverted type insomuch as the whole 
of the light was directed downwards 
and the flame beneath the burner. 
These lamps were generally fitted as 
near the ceiling as possible and by 
means of a suitable reflector an even 
distribution of light resulted, but the 
origin of light itself was too far re- 
moved from the eye line to make it- 
self obnoxiously felt. 

When the miniature regenerative 
lamps came out for hanging on the 
chandelier in the same manner that 
we are to-day doing with inverted 
lamps each individual burner did not 
exceed ten to fifteen candles and being 
of a yellow color did not obtrude it- 
self on the retina of the eye. 

I shall take pleasure now in showing 
you several drawings of various types 
of burners, some of which are upon 
the market. It would ill become me to 
make any comment on any of them, 
but I show you these sketches so that 
you may see the trend of inventors’ 
thoughts. 

Fig. 1 is a drawing from the patent 
records of one of the earlier inventions 
of 1895 granted to Hancock and oth- 
ers. It will be noticed that the gas 
flows through the tube 1 which forms 
the mantle. support at?2. | This«tube 
carries the gas downwards to the 
burner head, screw threaded at its 
lower end 3. The gas is then expelled 
through small openings 4 in a dia- 
phragm entraining air through the 
parts 5 provided for the purpose and 
then burning entirely within the man- 
tle at the gauze head 6. 

Fig. 2 is another form covered by 
the same patent which is of the type of 
the inverted burner we are using to- 
day. It is interesting to note the prim- 
itive methods then adopted for sus- 
pending the mantle downwards. It 


was done by means of a wire cage con- 
nected to a suitable holder 1, permit- 
ting the mantle itself to lie within such 
cage. A very good point in this-lamp 
is the hinged joint 2 permitting the 
easy removal of the globe. 

The next sketch; Fig. 3, may )be 
termed the pioneer of the present se- 
ries. This is the Austrian one before 
referred to, its special claims’ for 
notoriety being the porcelain cone I. 
The burner tube 2 is claimed to be of 
a bad conducting material, though 
later on in the specification it is stated 
that the burner head 3 is made of 
metal, yet the tube 2 forms part of the 
head 3 and if the head is of metal 
then the tube must be of the same ma- 
terial. It, therefore, makes this speci- 
fication rather of a contradictory na- 
ture. Our later knowledge shows us 
that the mantle is not of the best shape 
for inverted lights. A deflector 5 is 
provided to keep the products of com- 
bustion away from the air ports. 

Fig. 3 type has been considerably 
improved and is marketed to-day as 
shown in Fig..4. An adjustable gas 
check has been found necessary to suit 
the varying pressures and the por- 
celain cone has been extended both up- 
wards and downwards as at I and 2, 
so that its narrowest point 1 now be- 
comes the burner head and the out- 
wardly flaring portion 2 acts as a light 
reflector and a heat diffuser with the 
object in view of keeping the air in- 
lets as cool as possible. 

One of the earliest attempts to put a 
burner on the market after the pre- 
vious one had become known in Eng- 
land and Germany is the one shown in 
Pigh 95: As ‘previously Vexplaimed, 
when air is heated it quickly ascends. 
The inventor took advantage of this 
fact of ascension to collect it in suit- 
able tubes I and 2 and send it to mix 
with the gas in place of depending 
entirely upon suction. 

Fig. 6 is very interesting. It-shows 
a means of deflecting the heat, of col- 
lecting the air from outside the burner 
itself as at I and 2, and a means of 
regulating each air port, but what 
strikes one most is the ingenious meth- 
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od of attaching the mantle to a small 
globe 4 and then connecting the globe 
to the burner itself. As far as I know, 
this is the only burner which makes 
use of a tapering nose piece to form 
the burner head. 

UhesMext, Duriereeie,.. 791s now 
on the American market and presents 
a similar idea, inasmuch as it takes its 
air from outside the burner itself as 
at st. 

Fig. 8 has no special merit, but 
simply shows a novel method of de- 
taching the globe by means of thumb 
screws at I. It is also provided with a 
heat deflecting plate 2. This burner is 
extensively advertised in the German 
trade papers. 

Fig. Q-is a burner to which ap- 
parently much thought has been given 
in its production. It will be noticed 
that by means of asbestos the entire 
bunsen portion of the burner is sepa- 
rated and insulated from the lower 
part. A chamber 1 is provided over 
the burner for collecting the heated 
air. It is then sprojected through a 
single opening 2 so that the chandelier 
or bracket arm will not be discolored 
by the products of combustion. The 
method of the air intake seems quite 
ingenious, for although the air ports 

themselves 3 are always completely 
open, yet the burner, on revolving up 
a screw threaded tube provided for the 
purpose 4, chokes off the air at 5 until 
the correct mixture is obtained, and 
then a lock nut secures it permanently 
when the proper position is arrived at. 
It will also be noticed that the method 
of supporting the perforated globe is 
quite clever. It can be used either 
with or without a shade, and is so ar- 
ranged that if the shade is used the 
globe fits inside of it and thumb-screws 
will support the shade and, of course, 
the globe with it. 

Fig. 10 is a very novel burner, inas- 
much as it permits an outer globe to be 
used which is entirely closed. This 
outer globe I contains a straight chim- 
ney 2, which by means of suitable 
catches 3, can be supported entirely 
free from the outer globe, and air can 
be taken in between this chimney and 


the outer globe as at 4 and then sucked 
in at the bottom of the mantle as shown 
by the arrows. Above this are pro- 
vided two iron chimneys 5 and 5 con- 
tained within a brass casing 6. Each 
of these chimneys is provided with a 
sloping cover 7 which sends the heat 
forward and away from the central 
tube, again with the idea of preventing 
the products of combustion from 
creeping back to the air ports. 

Fig. 11 is one of the latest to enter 
the field and seems to combine many 
of the good points shown in its pre- 
decessors. The outer globe and the 
inner globe are usable at will either 
together or singly as shown in a sim- 
ilar way in Fig. 9. The air intake 
may be above the mantle as at 1 as 
well as below, so that an entirely closed 
outer globe may be used as shown in 
Fig. 10, but if in the event of one with 
an opening, as shown, being adopted, 
the bottom of the perforated inner 
globe is provided with a saucer 2 at 
its lower extremity to catch falling 
particles. The take-off of the heated 
and consumed air is from one side as 
shown in Fig. 9.: It will be noticed 
that the adjusting screw is fastened on 
the side opposite to that by which the 
heated air is thrown off. <A distinct 
novelty is that of using a thermostat. 
This thermostat is arranged in a di- 
rect line with the flow of gas. When 
the burner is cold the narrow ends of 
the thermostat will be bunched to- 
gether, forming a slotted cone and of- 
fering a resistance to the mixed air 
and gas and so to soften the flame as 
to permit of ‘lighting without flashing 
back. As soon as the burner is thor- 
oughly warmed up the action of the 
heat on the thermostat fingers will 
cause them to open and lie flat against 
the inner surface of the tube, thus of- 
fering no obstruction to the descending 
gas and permitting it to take ina full 
complement of air. 

All the foregoing inverted burners 
have been so constructed that the gas 
was carried to the burner and then sent 
at full force in a downward direction. 
Attempts have been made to send the 
mixed air and gas in a horizontal di- 
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rection and then bent downward as is 
seen in Pigs. 12 and 13 and have 
also sent upwards and then round in a 
complete horseshoe as shown in Figs. 
14 and 15. The mixture has also 
been carried up and divided as shown 
in Fig. 16. With these last men- 
tioned types of burner, lighting back 
is nearly overcome owing to the speed 
of the gas being so greatly reduced, 
but with such a soft flame it requires 
but a very slight drop of the pressure 
to cause the mantle to become full of 
carbon. 

Fig. 17 is the type that is used 
for railway lighting and one that ap- 
pears to have given very great satis- 
faction. A peculiarity is the way in 
which the mantle is attached. It will 
be noticed that there is no annulus or 
opening between the mantle holder 
and the burner tube, that is, the man- 
tle is continuous with the tube so that 
no products can escape. The com- 
bustion of the burner is absolutely 
perfect and consequently no carbon- 
ization of the mantle follows. But 
this brings us back to the old question 
of pressure. The supply of the 
Pintsch gas is at one pound pressure, 
roughly speaking 28 inches of water 
pressure. With gas at this potential 
energy and the tiny orifices through 
which it is forced, the amount of air 
induced is very great so that the light- 
ices » 01, the -lighest efficiency: 
Strange as it would appear, the mantle 
life in this railway service is remark- 
_ ably long, from ten to twelve weeks, 
which is about the life of the electric 
bulb. Although not clearly shown in 
the drawing, the mantle carrier and 
globe are fastened together and are 
attached and removable when so 
joined. In the case of a renewal, the 
porter of the train unscrews the globe, 
bringing with it the mantle holder and 
replacing it with another globe con- 
taining a fresh mantle quite as quickly 
as an electric bulb is attached. This, 
I understand, may be done without 
shutting off the gas supply as. this 
mantle can be burned off just as well 
when gas is inside as otherwise. 


We have now examined three sepa- 


rate, and distinct types of inverted 
burners and it would almost seem that 
any piece of tube with holes drilled at 
one end for an air intake, furnished 
with a regulating check and means for 
carrying a mantle and globe, will give 
a good result in the hands of a person 
well versed in the art. It will burn 
for a considerable time, giving satis- 
faction, but somehow as soon as it 
reaches the public, no matter how care- 
fully the details have been worked out 
to render it fool-proof, it is only a 
matter of a very short time before they 
are discarded and the upright burner 
again installed. 

In conclusion I may say with our 
English brethren, that the problem is 
not yet solved, but with so many 
capable engineers all over the world at 
work on the subject, a good, reliable 
and simple lamp must be evolved and 
then gas consumers will be provided 
with a burner that will give at least 
60 candle-power, on a consumption 
of not more than three feet and when 
the fixture designer gets in his good 
work by constructing fittings to suit 
the burner an enormous field will be 
opened up and the public will wel- 
come the advent of an appliance that 
will give the decorative effect of an 
electrolier, but with more light and 
at a greatly reduced cost. 

Gas men must join me in hoping 
that that day is not far distant. 


ILLUMINATING ENGINEERING 
FROM THE ARCHITECT’S 
_ STANDPOINT 


By (WaAtLbo.S. KELEOGG: 


This paper will touch upon a few 
of the general features of interior 
illumination while attempting to out- 
line the architect’s interest and his re- 
lation to others interested in the same 
subject but from a different stand- 
point. 

The high intrinsic brilliancy of most 
lights is largely, I think, responsible 
for an immense part of the light usu- 
ally wasted. In figuring on a high 
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efficiency the maker‘ ‘fétee Sts that: “the: 


dazzling effect of an unshaded light so 
blinds the eye that a much higher de- 
gree of illumination is required. In 
thus getting, for advertising purposes, 
a slightly higher theoretical efficiency 
practical considerations are lost sight 
of. If the makers of lamps considered 
they best interests). Ol mineaconcuner: 
rather than the seller of current or gas, 
well shaded lamps would be the rule 
and not a special article supplied re- 
luctantly at a price calculated to dis- 
courage their use. 

The so-called 16-c. p. lamp has be- 
come the generally accepted lamp, but 
recently the tendency seems to be 
toward more powerful lamps, not be- 
cause there is a demand for them, but 
by reason of improvement in lamp eff- 
ciency. It was remarked above that 
manufacturers catered to distributers 
of light, hence to induce them to take 
up their lamps, new units are made up 
using the former amount of gas or 
current and a great noise is made 
about the intensity of illumination. If 
the public can get an inning, it may 
pay to advertise: We can give you 
the same light for half the money; in- 
stead of as now, for the same money 
we can double your illumination. 

There. is? no: seenerally waccepted 
standard lamp rating except such as 
best suits the eccentric distribution of 
the lamp for which at that moment 
some manufacturer is claiming the 
merits of all other lamps besides other 
virtues. The candle is a reasonably 
satisfactory unit of measure, but the 
rating of lamps in candle power 
should mean something and enable 
one to judge what the illuminating 
value really is. Spherical candle 
power rating is a fair basis of com- 
parison, but the reflector lamps now 
being introduced and the devices for 
turning all the lights into the lower 
hemisphere seem to make the present 
prospects poor for the adoption of a 
logical spherical rating. 


Until the spherical rating is adopted 
no one, except he is able privately to 
ascertain the true rating, is prepared 
to say that a certain intensity of illu- 
mination can be obtained by using a 
given number of lamps of one kind or 
a different number of another kind. If 
without means to get data, he must to 
protect himself, put in outlets for two, 
and to be really safe, three times the 
number of lamps the manufacturer’s 
rating in candle power calls for and 
the client is apt to complain of large 
lighting bills. It is in this necessity 
for protecting himself, that the archi- 
tect lays the foundation for the un- 
popularity of the light distributer. 

In all cases a lamp should be so con- 
structed: as ‘to harmonize’ ~watheeits 
architectural surroundings. Ina care- 
fully designed building the lamp, with 
as small a sacrifice of efficiency as pos- 
sible, must conform to the architec- 
tural background. Thus, when a 
manufacturer professes to be unable to 
adopt a standard design to suit the 
architect’s ideas, he must expect to be 
told that if such is the case the lamp 
will not be used, as considerations of 
efficiency are of less importance than 
the zsthetic ones. 

The color of any light plays a more 
important part than some manufactur- 
ers like to believe. Man has become 
so accustomed to the warm glow of 
candles or similar light that in do- 
mestic work he prefers a light of this 
color and a bluish white or greenish 
white light will be used only when a 
very strong light is needed. Women 
say that candle light adds to their 
natural attractiveness and with them 
in opposition the sickly light is very 
heavily handicapped. 

The architect is employed to make 
a structure both convenient and beau- 
tiful and in doing this it is often nec- 
essary to sacrifice so-called practical 
considerations for others of an esthetic 
nature naturally of great importance 
in the practice of a fine art. 
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Discussion of the Papers 


Before opening the general discussion, 
the’ President invited Dr.’.E. .l.* Nichols, 
Professor of Physics in Cornell Univer- 
sity, to address the meeting. 


Dr. Nichols—Mr. President and Gentle- 
men: It is quite by accident that I hap- 
pened upon your meeting to-night, but it 
was a very happy accident, and | take this 
opportunity of congratulating the new So- 
ciety upon the attendance which it brings 
out at its first meeting and the interest 
which is manifested on this subject. I 
really think that in organizing a society 
for the consideration of the art of illumi- 
nation and the engineering problems relat- 
ing thereto, that one gathers together a 
greater number of interests, scientific, tech- 
nical and social, than almost any other so- 
ciety of which I have knowledge; and that 
being the case, I am sure we may look for- 


ward to great success on the part of this . 


society. It seems to me certain that your 
meetings will be of great interest and of 
great use. 

Although we have been using light since 
prehistoric times, is it not true that at the 
present time we are still guessing about it 
—the architect, and the contractor, nearly 
everybody is still guessing about it; and 
yet it is an art which is capable of being 
reduced to a computation which can be 
made as much a matter of precision as 
any of the other specifications with which 
engineers have to deal; and I hope that 
this society will bring it about, or help to 
bring it about, that these things in the 
future shall be attended with greater and 
greater certainty and precision. We must 
stop measuring candle-powers, and begin 
to measure the illuminating effect. We 
must educate the public so that they will 
not look at the lights, but will see the ef- 
‘fect of the illumination of surroudning ob- 
jects by these lights. Of course, these 
things have been more or less dimly un- 
derstood, and occasionally the principles 
have been worked out with great success; 
but there is a great field for the education 
of the public and also for the education of 
the engineer himself, and I really think 
that the organization of the Illuminating 
Engineering Society is something which 
will be memorable; that it will take a lead- 
ing place among scientific and _ technical 
bodies, and that it will be an important 
factor in the development of a very old 
and imperfect art into a new and highly 
pertect art. .Especially will this be the 
case if you get the scientific, the technical, 
the architectural, and the esthetic interests 
joined, all working from their own point 
of view. I shall not say anything about 
the papers, but I did want to bring this 
word of welcome to the new society and 


wish you and all your co-workers success 
in your undertaking. 

Dr. C. H. Sharp—I have been thinking, 
during the reading of these papers, of the 
two methods which are here presented for 
getting light from a stream of heated gases 
which are otherwise comparatively non- 
luminous. We have in the case of the 
mantle an ordinary Bunsen flame which in 
itself gives no light, but which gives a 
higher temperature. By introducing into 
this flame a suitable mantle of solid ox- 
ides, a very brilliant illumination is pro- 
duced. In a somewhat similar way we 
have the arc stream in the electric arc, of 
highly heated gas producing very little 
light. If into this stream is introduced a 
certain amount of vapor which has the 
property of radiating light when it is raised 
to that temperature, this stream of gases 
also produces a large amount of light. 
Here, then, are two ways of making an 
otherwise non-luminous stream of gases 
luminous; one, by the introduction of a 
mantle, the other by the continuous intro- 
duction of vapor, also of metallic earths. 
It reminds us of a well-known experiment 
in which a little common salt is introduced 
into the Bunsen flame. There we have 
luminescence, which is analogous to the 
luminous arc—the non-luminous Bunsen 
flame is, by the introduction of salt, ren- 
dered luminous to a considerable degree. 
That is what is done with the luminous 
arc, with results that are so striking. Just 
why the mantle, which is used in the man- 
tle burners, has the power of producing 
such an enormous amount of light, work- 
ing with a flame of very high temperature, 
is puzzling. This puzzle is rendered all the 
more remarkable from the fact that the 
composition of the mantle is restricted to 
very narrow limits—og per cent. of thorium 
and I per cent. of cerium combined will 
produce a mantle which is highly lumi- 
nous. A mantle of pure thorium produces 
very little light; a mantle of pure cerium 
is also very inefficient. If these percent- 
ages are varied to any considerable de- 
gree, the luminous efficiency suffers’ at 
once. 

The explanation which has been offered 
for this state of affairs is perhaps of in- 
terest in this connection. The first of these 
explanations was presented by Dr. Nich- 
ols, who suggested that the intense light is 
the result of the luminescence of ‘these 
substances introduced into the flame; in 
other words, that these substances yield a 
degree of light that is not in proportion to 
the temperature to’ which they are raised. 
A further explanation has been, that the 
small per cent. of cerium combined with 
the thorium produces what is known in 
chemistry as a catalic action, resulting in 
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a higher temperature of the metal than 
otherwise would be produced. It has also 
been claimed that the high luminosity of 
the mantle is due simply to the high tem- 
perature to which it has been raised. A 
great deal of interest has recently been 
given to this subject, as the result of ex- 
periments made by Prof. Rubens in Ber- 
lin, who studied the distribution of the 
energy radiated by the mantle, not only 
in the luminous portion of the spectrum, 
but also in the heat-giving portion. Prof. 
Rubens has shown that the radiating power 
of the incandescent mantle is extremely 
high in the visible portion of the spectrum 
—the part which affects the eye; that just 
as we get into the loriger rays, the heat 
waves, the radiating power of this mantle 
falls enormously, to as low a value as one 
per cent. as compared with the radiation 
of a flat body. This radiating power again 
increases when it comes to the long wave 
lengths, but the amount of energy involved 
in the long wave lengths is very small; 
consequently we find, in the case of the 
mantle, a body which is radiating almost 
all the energy given to it in the form of 
luminous waves and very little in the form 
of non-luminous waves. 

This peculiarity has been further inves- 
tigated by Prof. Rubens by determining 
the character of the energy curve of the 
pure thorium mantle. He finds that the 
pure thorium mantle gives very little en- 
ergy in the luminous spectrum, and is 
practically a transparent body, so that its 
radiating power with the non-luminous 
waves is very little indeed. In putting a 
thorium mantle into a Bunsen flame, very 
little energy is radiated by the mantle it- 
self, the radiation being almost entirely 
due to the flame. A mantle of pure ceri- 
um, on the other hand, shows a consider- 
able radiation, a large percentage of its ra- 
diation, in the luminous portion of the 
spectrum. It is also a moderate radiator 
of the heat waves, but not so poor as the 
thorium; in other words, the cerium is a 
colored body, its color being a lighting 
color and not a heating color; consequent- 
ly by adding a small percentage of this 
colored body to the thorium it has the re- 
sult of increasing the efficiency of the 
thorium as well as extending the radiating 
power of the thorium to the heat waves, 
while it adds enormously to the radiating 
power of the light waves; consequently, the 
combined elements radiate rather fairly 
the heat waves, and very well indeed the 
light waves, the radiation of the light 
waves being due to the addition of the 
cerium. The result is that the mantle 
reaches a temperature which must be near- 
ly equal to the temperature of the Bunsen 
flame, and consequently there is a very 
highly luminous condition. 

Regarding the flaming arc, I think one 
thing which impressed us here to-night is 
that in handling a unit of the enormous 


power which this arc has, it is necessary 
to adopt a procedure which is rather dif- 
ferent from that ordinarily adopted in the 
case of the enclosed arc. This light is oi 
such very great power that it needs to be 
gotten away from the field of vision, to 
be put away from the surface which is to 
be illuminated, and made comparatively in- 
conspicuous. Placed as we see a good 
many of the flaming arcs in New York 
City at the present time, it has a very bad 
effect upon the general illumination. It is 
like putting an Eiffel tower in the city 
of Paris; it is so much above the ordinarv 
level of the illumination we have, even 
on such a well lighted street as Broadway, 
that it has a very deleterious effect upon 
the general result. It is to be hoped that 
in handling this lamp, if it is to come into 
general use, precautions will be taken to 
prevent ruining the general effect of the 
illumination by the introduction of indis- 
criminately scattered units of such enor- 
mously high luminosity. 


Dr. E. L. Nichols—What I said to Dr. 
Sharp may be said to be only a surmise or 
a guess, but it is a surmise based on cer- 
tain peculiarities, which are, to say the 
least, suggestive; and while I should not 
for a moment like to insist upon the ac- 
curacy of the guess, it may possibly be of 
interest 1f I should point out on what that 
was based. In studying luminous sub- 
stances, we note .the following facts: To 
produce luminescence, a substance which 
will be phosphorescent and _ fluorescent, 
you have to have the same _ peculiarity, 
namely, a substance which® acté: as )#a 
solvent, and then a small admixture of a 
dissolving substance; and you must not 
have too much of the dissolving substance. 
There is a certain amount necessary to 
secure the best effect. Im the case of, lu- 
minous paint and other sulphides and sili- 
cates which are strongly phosphorescent 
or fluorescent, that is also true. This ad- 
mixture may be of manganese, or copper, 
or other elements. This is evidently a pe- 
culiarity which suggests a relationship. It 
is necessary in the mantle to have a sub- 
stance such as thorium oxide, and mixed 
with that a certain small amount of an- 
other substance in order to get light. 

Again, all substances which are lumines- 
cent are luminescent at some particular 
temperature, some at very low tempera- 
tures. There are many substances which 
are luminescent at the temperature of 
liquid air, and entirely inactive at ordinary 
temperatures; others are strongly lumi- 
nescent at ordinary temperatures and are 
entirely killed by cooling to the tempera- 
ture of liquid air. I think it is quite pos- 
sible that the luminescence of the _ solid 
solution which we may have in the case 
of a mantle, a solid solution possibly con- 
sisting of cerium moving around in tho- 
rium oxide, may be strongly luminescent 
at the temperature of the Bunsen flame. 
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There is another fact which leads to that 
conclusion—that all known luminescence 
lies within the spectrum and consists of a 
single broad band of light, having one well 
defined maximum, but not usually cover- 
ing the whole of the spectrum. If you 
explore the energy of the spectrum of a 
mantle burner, you will find this gain cor- 
responds with luminescence. It has the 
maximum within the visible spectrum, and 
the form of the curve is not unlike that of 
the form for the spectrum or other lumi- 
nescent bodies. While we are not ready 
to say definitely that this is the explana- 
tion of the remarkable light-giving power 
and peculiar distribution of light from the 
mantle burner, I think there are certain 
facts which warrant a guess of this sort. 
I hope some day to investigate the matter 
and be able to demonstrate it one way 
or another. The fact brought up by Dr. 
Sharp of the great weakness of the spec- 
trum of the mantle is certainly extraordi- 
nary, in fact unprecedented. It is certain- 
ly a very beautiful subject for scientific ex- 
ploration, and as all scientific exploration 
in the end is of some use. I think it is 
possible this subject, after it is worked out 
by men of science, may lead us to the de- 
velopment of other sources of light akin 
to this, but differing from it in distribu- 
tion, so that in the end we may be able, 
perhaps, to produce a great variety of lu- 
minous spectra and thus get mantles which 
will give almost any sort of light which 
may be desired for the various purposes 
for which light is employed. Sometimes 
we want light of a rosy hue—light almost 
of a cherry shade—at other times we want 
brilliant white lights, and lights running 
over into the blue edge of the spectrum. 
Certainly, the ultimate development of this 
form of light must lead to something of 
that kind. 


Mr. G. G. Ramsdell—It would be a rather 
difficult thing to discuss a matter as tech- 
nical as the subject dealt with by Mr. Ret- 
tich in his paper. It is well prepared, and 
thetesiss 2, ereatydealvor truth init. Un- 
fortunately there is a great deal of error 
in it also. I presume, if I were writing the 
paper, I should be as optimistic as he is 
pessimistic. I do not think there is any 
doubt that the inverted lamp is going to 
be a success. I do not think any one has 
yet claimed that the inverted lamp is en- 
tirely perfect, but if you will compare it 
with other lights, you will be forced to 
admit that it is only passing through the 
stages of evolution that all the other lights 
had to pass through. The electric light of 
early years, as compared with the electric 
light of to-day, shows a very wide differ- 
ence, and that is true of all lights. While 
the lamp is in its infancy very largely, yet 
there have been great strides made in the 
improvement of the lamp, and to-day it is 
very much more successful and much near- 
er perfection than it ever was before. 


Mr. Rettich—If Mr. Ramsdell had list- 
ened carefully to the paper, I think he 
would have heard the statement made that 
the lamp in its present form was not as 
successful as could be wished; but that 
with so many capable engineers, and Mr. 
Ramsdell himself among them, improve- 
ments in the lamp must be evolved, and 
will be evolved, but at the present moment 
the lamp is not a complete success. 


Mr. E. C. Brown—As to the electrical 
features of the discussion this evening, I 
do not feel I am competent to enter upon 
a discussion. I would say, however, in 
reference to the inverted gas lamp, that I 
have listened with a great deal of atten- 
tion to what Mr. Rettich has given us in 
his paper. I would like to say that one 
of the first inverted lamps which came to 
this country was installed in my office, 
something over three years ago, I think. 
We had with it only one mantle. It was 
an imported lamp, and an imported man- 
tle. To the best of my recollection, that 
mantle lasted nearly eight months, and 
during all that time the light gave the best 
of service. We were sorry when the man- 
tle finally gave way. The lamp was the 
same type of lamp which, I think, now be- 
longs to Mr. Ramsdell’s company; and a 
comparison between what we had, and still 
have, minus the mantle, in that one lamp, 
and the lamps Mr. Ramsdell’s company is 
now turning out, shows a most marked dif- 
ference. I have the utmost faith in the 
future of the inverted gas lamp, because 
the light effects are remarkable, and I think 
the slight matters of detail to which Mr. 
Rettich called attention can all be over- 
come, if indeed they are not now practical- 
ly overcome. 


Mire Elliott 1) would uike sto ask 
one question which I have not heard dis- 
cussed, and that is the actual efficiency of 
the inverted burner as a light producer, as 
compared with the ordinary upright burner. 


Mr. Rettich—The direct rays are about 
60 cp. With a reflector you can get as 
high as I10 c.p., on a consumption of three 
feet of gas—so long as it holds. (Laugh- 
ter.) 

During the reading of his paper on the 
“Luminous Are Lamp,’ Mr. Elliott re- 
tertred to a “German lamp ‘of this type 
which claimed to have a life of 1,200 to 
1,600 hours. The following description of 
this lamp is taken from a trade circular 
issued by the manufacturers: 


Our “Vogel-lamp,” so named after the 
inventor, Mr. Vogel, Mechanical Engineer, 
is a mercury vapor and long burning arc 
lamp which will burn for 1,200 to 1,600 
hours with one single pair of carbons and 
yield an intense light of 300 to 30,000 can- 
dle-power at a consumption of 0.2—0.4 
watts per candle; the lamp is of very sim- 
ple design and does not require daily at- 
tendance. 
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The essential feature of the lamp is that 
the lower carbon stands in mercury amal- 
gam and when the lamp is switched on, a 
luminous arc is at once formed, which 
heats the lower carbon and evaporates the 
mercury. The evaporation requires only 
a few moments and increases the luminous 
arc and the intensity of the light, as the 
radiant light of the ho* mercury vapors 
is added to the origina sght of the car- 
bon arc. In consequence of the great con- 
ductance of these metal vapors the inner 
resistance is reduced and a greater and 
more intense are of light can therefore act 
in these lamps than in any othet existing 
type of arc lamps. As the mercury vapors 
together with the luminous arc are en- 
closed in a glass globe, the vapors cannot 
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escape and when condensed on the walls 
of the globe they are always returned to 
their general reservoir. 

This design has been patented in Ger- 
many and in all other industrial countries ; 
we manufacture these lamps in a variety 
of types-and for different purposes. 

They are arranged in a casing with a 
closed protective globe and can be con- 
nected up singly or in series for continu- 
ous, alternating and three-phase current. 
For special purposes also multiple lamps 
can be supplied, having only one single 


regulating device and being fitted in a 
common or joint casing. 

The luminous arc in the mercury vapors 
not only produces a very great intensity, 
but also a very considerable chemical and 
optical effect, so that these lamps are bet- 
ter suited than any other existing source 
of light for photographic and copying 
work, for medical purposes, fcr lighting 
streets and squares, for lighthouses and 
for searchlights. 

The unfavorable color of the mercury 
light has been avoided by the amalgama- 
tion so that we can even supply lamps giv- 
ing a red light and can recommend these 
lemps for lighting shop windows, hall and 
private dwelling rooms. 

This mode of regulating is only possible 
with our lamps, as the consumption of 
carbon is so trifling and uniform that a 
regulation is only required afte. about a 
week. 


PROCEEDINGS OF THE MEETING 
HELD AT THE AMERICAN 


HOUSE, BOSTON, ON 
MARCH 2zoth 


Called for the Purpose of Organizing a Local 
Branch of the Illuminating Engineering 
Society 


The meeting was called to order at 8:10 
p. M. by Mr. Codman. Mr. John Campbell 
was nominated for the position of chair- 
man, and was unanimously chosen to fill 
that position. Mr. Campbell then spoke as 
follows: 

Mr. Campbell—I want to thank you, gen- 
tlemen, for the honor conferred, and to say 
that I greatly appreciate it. It gives me 
much pleasure to call you together to-night 
and to see so many here interested in the 
question of illuminating engineering. We 
have gone a little ahead of the New York 
society. When the question of a Boston 
Branch came up, there was some doubt in 
New York regarding it. They questioned 
whether we had sufficient members to make 
it interesting for a local branch. I think 
that question has been well answered by 
the attendance here to-night, and also by 
the numerous replies received from those 
who were tunable to be present, but have 
expressed their regrets and also their inter- 
est in the formation of a local branch here. 
We take in the different interests, probably, 
as few other societies do. The contractor, 
the fixture designer, the architect, the engi- 
neer, the electrical man, the gas man and 
the public are all interested. Now if we 
can all get together on one basis, anc con- 
sider ourselves all as engineers interested in 
the subject of the best illumination and the 
best methods of obtaining it—if we can drop 
the question whether we are gas men or 
electric men, etc., and simply consider the 
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question from the broad standpoint of illu- 
mination—we may expect to accomplish a 
great deal. Of course we all have differ- 
ences. That is what will make our meet- 
ings interesting; and if we can, as I say, 
get together on some broad basis, we may, 
then expect to accomplish considerable in 
the line of illumination. We have to-night 
two papers, which will be presented later, 
and we also have the honor of the presence 
of the President of the New York society, 
whom I have asked to say a few words to 
us, and I take pleasure in introducing Mr. 
Bo Marks. 


Mr. Marks gave a brief review of the 
formation of the Illuminating Engineering 
Society and outlined the work which it 
aims to accomplish. 


Mr. Campbell then called attention to the 
application blanks which Mr. Stickney was 
distributing, and to the register book which 
was being passed around. He then intro- 
duced Mr. J. S. Codman, who was requested 
to read the paper of Mr. Victor A. Rettich, 
on “The Inverted Gas Mantle Lamp,” which 
was presented previously to the parent soci- 
ety in New York. After Mr. Codman had 
read this paper, Mr. Campbell introduced 
Mr. E. L. Elliott, of New York, who came 
over for the purpose of presenting a paper 
on “The Flaming Arc,’ which he had also 
given before in New York. At the close 
of this paper, Mr. Campbell requested Mr. 
Cummings to read the discussion which 
took place at the New York meeting on the 
first paper, after which he called on Dr. 
Louis Bell for further remarks. 


Dr. Bell—I hardly want to classify my- 
self as a gas man; L must confess to being 
rather a neophite in this matter, but I see 
no reason why the inverted lamp should not 
-be a “go.” It is merely a question of get- 
ting fairly reasonable conditions for forcing 
the flame into a somewhat unnatural posi- 
tion. It certainly would not go with ex- 
tremely low pressure gas, but you cannot 
expect one particular pressure of gas to 
suit every conceivable kind of illumination. 
The pressures which are the very best for 
these mantle burners are too high to work 
nicely in the ordinary gas flame. The whole 
question, it seems to me, is getting the right 
mechanical construction, and gas pressure 
enough behind it to send down the gas and 
heat up the mantle properly. 

The theory of the mantle burner is a 
most complicated and troublesome thing, 
and is marked by this peculiarity, which 
was brought out in the discussion in New 
York, that the radiation is selective. It is 
heated to a very high temperature, but has 
a luminosity which is much greater than 
would be accounted for by 1800 degrees C., 
for we drive up our electric lamps and do 
not get anything like the luminescent effect 
that occurs in the case of the gas mantle. 
The problem ceases to be a question of high 
temperatures, and becomes a question of 


high temperatures plus a certain amount of 
selective luminosity which belongs for some 
reason to a small group of metallic oxides, 
of which cerium is one. 


It may be stated that it is the selective 
radiation which gives the luminous arc its 
value. It is precisely because the light is 
so bright in orange and yellow that the arc 
of the flaming variety gives so enormous an 
efficiency. The white arc of the flaming 
kind gives a lower efficiency, not because 
there is anything inherently about white 
light that should make it peculiar, but be- 
cause in the white flaming arc substances 
are added to give enough blue rays to raise 
the general effect of yellow to one of nearly 
white, and those blue rays do not produce 
much effect on the eye. In the white lumi- 
nous arc, therefore, the addition of a certain 
amount of energy to add the necessary blue 
contingent lowers the whole efficiency of the 
illumination. 

In these gas lamps there is a maximum of 
yellow intensity, and the efficiency in the 
Welsbach is due to the same cause as in 
the flaming arc. I see no reason why we 
cannot turn this upside down and use man- 
tles with the same freedom that we use in- 
candescent lamps. Of course their bril- 
liancy is tremendous, and both of them have 
to be shielded; but that is the penalty we 
have to pay for high efficiency. 

Dr. Bell—Just a word with reference to 
some very interesting results in regard to 
change in efficiency in the flaming arc when 
equipped with a globe. A great cause of 
difference in efficiency has been intimated 
as being due to selective absorption. The 
ordinary opalescent globe is very absorbent 
for the rays that are strong in the flaming 
arc. The effect is precisely as if Mr. Ryan 
had taken one of his enclosed arcs and put 
a lemon yellow globe on it. The efficiency 
then would be about that of a white bean. 
However, vou have eliminated the white 
rays, and one has to be watchful of the 
materials which have selective radiation, 
lest he should obtain some curious results, 
as such results can be secured merely by 
getting an absorbing medium that is not 
right. This is an entirely new phase of the 
study of lighting that must be dealt with. 
It seems to me that the weak point of the 
flaming arc is the very high price of car- 
bons, etc. I am not disposed to make very 
much of the difference of distribution, be- 
cause after all, to avoid reflectors may be 
very desirable, but reflectors are tremen- 
dously powerful agents, the most powerful 
agents we have in getting good and effective 
illumination. 


Mr. Elliott—In regard to absorption, the 
undue absorption of which Dr. Bell has just 
spoken, was one point on which I wished to 
remark. The selective absorption of opal 
glass varies with the material that is used 
to opalize it. The opal glass that is made 
with fluorspar is blue, and that may be the 
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kind that was used in this particular test. 
It would act as a color screen; while the 
opalescent glass made with the phosphates, 
bone ash, etc., and which is the kind that 
should be used for this purpose, is orange- 
yellow by transmitted light. I know I was 
astonished some years ago in making tests 
with incandescent lamps, to find how trivial 
the absorption was when the globes were 
opalized in this manner. On the test I re- 
ported here, as I stated in my paper, the 
figures I gave were obtained through an 
opalized globe in both cases. In the case 
with the flaming arc, it was the globe sent 
with the lamp from England or Germany, 
and no doubt was made with phosphate 
glass. The enclosed globe was furnished 
with the lamp in this country, and I have 
no doubt that the enclosed arc got the worst 
end of the bargain, because the violet would 
be cut down very much by a globe. having 
an absorption of that kind. 

In regard to resistances, I think that is 
common in all forms of lamps. 

Of course, the natural distribution of any 
light is of importance; but since the great 
development of the use of prismatic glass 
in various forms for distributing light, the 
natural distribution of light has lost much 
of its importance. It is possible to change 
the distribution—. e., any good distribution 
—and give it any form you want, with a 
loss of only Io to I5 per cent., so that the 
important thing for the engineer to know in 
regard to any light source is what it does 
as a light producer—how much total light it 
gives for the energy consumed. It is then 
up to the engineer to distribute his light 
where it will do the most good. 


Dr. Bell—In regard to the prices of car- 
bons, I saw an interesting experiment a 
few weeks ago with a cored carbon. The 
soft core was removed and the carbon im- 
pregnated with a solution of common salt, 
and they were used with very satisfactory 
results. They were used in two common 
direct current lamps, having the resistance 
removed and being run in multiple. They 
should have had some sort of steadying re- 
sistance. They gave, to my mind, very sat- 
isfactory and extraordinary results, simply 
running them in series, and with the car- 
bons impregnated with common salt. I 
would like to ask Mr. Elliott if he has made 
any such experiments—that is, impregnat- 
ing carbons with some cheap material such 
as connom chlorides. 


Mr. Elliott—I have never experimented 
directly on the composition of the carbons, 
although I imagine that the substances for 
impregnating, when figured to actual fact, 
are very simple and very cheap, though 
quite a mystery is thrown around them now. 


Mr. Campbell—You see, gentlemen, there 
is a chance for our chemical engineer to 
come in and become a member, and give us 
some information. That is just what we 
want, to all get together and help each 
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other. I hope every man here will make 
himself a committee of one to make a suc- 
cess of these meetings, and if each will do 
this, we can rest assured that Boston will 
hold its own. - 


Mr. Marks gave an outline of the pur- 
poses for which the society was organized, 
and pointed out the various channels of 
usefulness in which future work could be 
carried on. 


Mr. W. D’A. Ryan—Mr. Elliott’s paper 
on the “Flaming Arc” is very interesting, 
but I must take exception to his statement 
that it has practically the same distribu- 
tion as the enclosed arc, particularly as the 
latter gives a very much greater proportion 
of its luminous flux in the most useful di- 
rections for street lighting. The weak 
points of the so-called “flaming” arcs in 
their present form are high maintenance 
cost, due to expensive, short-life electrodes, 
high intrinsic brilliancy, unsteadiness, fumes, 
and poor distribution. For obvious reasons 
the lamp is not suited for general indoor 
lighting, and the distribution is not proper 
for street illumination. At the present time 
it appears to be used mostly for advertising 
purposes. 

A mere reference to candle power, with- 
out an explanation as to how the light is 
distributed is of very little value. I have 
here a few roughly plotted curves which 
show the general candle-power characteris- 
tics of a number of flaming arcs. I might 
mention that these tests extend over a peri- 
od of about three years. Here we have the 
Bremer, Bausch (Conradty carbons), Blon- 
del, Excello, and Siemens. These are direct 
current lamps equipped with light opal 
globes. The efficiency in watts per mean 
spherical candle power varies from .5 to .& 
watts, depending upon the current, resist- 
ance and mechanism losses, and globe equip- 
ment, of the different lamps, as they are 
used commercially. The figures quoted by 
Mr. Elliott in the Excello efficiency test do 
not include dead resistance in series with 
the lamp; this may create a wrong impres- 
sion when comparing various light-sources. 

The second set of curves shows the differ- 
ence between the light with and without 
globes. I might mention that the globes 
used on both Bremer and Excello lamps 
were very light opal. It will be observed 
that practically half the light is quenched 
by these globes. This is no doubt largely 
due to the partial exclusion of air from 
the arc, total reflections of the light on the 
inside of the globe, and to a high selective 
absorption of the glass for yellow rays. 

The third set of curves illustrates the dis- 
tribution of the direct current enclosed arc, 
half- and full-open Arc, and the Magnetite 
or General Electric Luminous Arc as equip- 
ped for street lighting service. Comparing 
the light from the enclosed arc with the 
open arc, we find that while the distribution 
of the enclosed is much better, the efficiency 
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in watts per mean spherical candle power is 
about half that of the open arc; but notwith- 
standing this difference in light, several 
hundred thousand open arcs with their 
higher efficiency have been superseded, 
demonstrating that the question of distri- 
bution and long life of the electrodes is of 
the utmost importance, particularly in this 
country. Without these features it will be 
just as difficult to introduce the flaming arc 
in the United States; where we have high 
cost for labor and carbons and relatively 
low cost for current, as it is to introduce the 
enclosed arc in Europe, where the cost of 
labor and carbons is low and current rela- 
tively. high. 

The horizontal curve on the chart shows 
the excellent distribution of the Magnetite 
Arc. For this reason it has superior ad- 
vantages for street lighting. It also pos- 
sesses the long burning feature. While the 
total amount of light delivered is not so 
great as from some of the flaming arcs, it 
is a more practical and permanent lamp, par- 
ticularly as approximately 55 per cent. of 
the total luminous flux is between the hori- 
. zontal and 20 degrees below, while with the 
flaming arcs the average illumination com- 
ing between the limits mentioned is about 
I2 per cent. 

In conclusion I would like to say that 
great strides are being made towards deter- 
mining the candle-foot or foot-candle con- 
stants, whichever you wish to call them, for 
various lights, so that in a comparatively 
short time contracts will be taken for light- 
ing buildings on this basis. This has been 
made possible by the construction of a satis- 
factory candle-foot photometer which 
works with very fair accuracy. 





The following letters, received by the 
Chairman, were read previous to the pres- 
entation of the papers: 


GENERAL ELECTRIC Co. 
Boston OFFICE, 
84 Strate St., March tgth, 1906. 
Mr. JoHN CAMPBELL, 
Electrical Auditing Co., 
Boston, Mass. 

Dear Sir:—Referring to your kind invi- 
tation to participate in the organization of 
a Boston Branch of the “Illuminating Engi- 
neers Society,” I regret exceedingly that I 
find it necessary to be absent from the city 
on the date named, but I am pleased to take 
this opportunity of assuring you of my 
hearty appreciation of the scope of such an 
organization if it is organized on broad prin- 
ciples. 

While for the last few years the larger 
proportion of my efforts have been devoted 
to the power end of the electrical business, 
I spent a number of years previously in 
connection, and incidentally in recent years, 
in illuminating engineering, and thoroughly 
appreciate the cut and dried methods that 


heretofore have largely prevailed in con- 
nection with illuminating engineering, both 
from an electric light and gas point of view. 

While a few electric light engineers have 
specialized in this line, even fewer, if any, 
gas engineers have, and the consequences 
are that the unfortunate Architect, Mill 
Engineer, City Engineer, City: Electrician, 
Supt. of Lamps, City Officials, Landscape 
Engineers, and others whose interests would 
be largely promoted by education in this 
line, have had neither the facilities nor the 
opportunity -for acquiring any education in 
this line, to the extent that in many cases 
inferior results have been obtained where 
facilities were ideal, and in many cases the 
public service company or the gas or electric 
manufacturer, or all, have suffered in con- 
sequence. 

There are many cases which we can all 
call to mind where the illumination of a 
property has been very poorly laid out by 
one credited with knowledge in this line, 
which has resulted in the abandonment of 
the project, due to resulting expenses, when 
if properly engineered in the beginning 
much more satisfactory results could have 
been obtained at much less expense in first 
cost and operation, which would have re- 
sulted in benefit to all concerned. 

It is in part for the above reasons that I 
feel that an organization of this kind can 
be made of immense benefit to not only 
the electrical industry but to the gas inter- 
ests as well as to the public if it is not made 
too exclusive. If judiciously organized and 
conducted there is certainly no reason why, 
through this medium the Electrical, Gas, 
Mill, City Engineer, the Architect, City 
Official, the Public, and all interested can 


‘not be brought together to their mutual 


advantage. 

I regret exceedingly my inability to be 
with you, but wish you every success and 
assure you of my hearty endorsement. 

Very truly yours, 
(Signed) CuHaAs. B. BuRLEIGH. 





ELECTRICAL ENGINEERING DEPARTMENT. 
MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY. 


March 16th, 1906. 
Mr. JoHN CAMPBELL, 
29 Old South Bldg., 
Boston, Mass. 

DEAR S1r:—On account of the meeting of 
our Electrical Engineering Society, of this 
department, I am unable to be present on 
March 2oth at the informal meeting at the 
American House. 

It is gratifying to know that the subject 
of illuminating engineering is at last digni- 
fied by what promises to be an engineering 
society of real virility and importance. You 
may certainly count on my interest and 
support in the conduct of the organization. 

Yours very truly, 
(Signed) H. E. Crirrorp. 
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Review of the Technical Press 


EUROPEAN ITEMS 


One of the most interesting and, if 
accepted in the right spirit, most help- 
ful scions is examining others’ opin- 
ions of ourselves. Surely every right 
minded person has often wished for 
the gift that Burns so_ poetically 
craved,— 


“To see ourselves as ithers see us.” 


Especially are these views of others 
interesting and valuable when coming 
2 ffom those who are widely separated 
from us by distance, environment and 
conditions, as under these conditions 
the estimate is less liable to be warped 
by personal considerations. 

Some ten years ago Prof. Blondel, 
in alluding to the then common use of 
bare arcs for street lighting, remarked 
that “Americans apparently cared as 
little for the welfare of their eyes as 
they did for their stomachs.” The 
criticism on the use of bare arcs was 
well founded, but all good dispeptic 
Americans will deny the allegation as 
to the ill treatment of our stomachs. 

We are likewise known to be the 
great exponents of the strenuous life, 
by reason of which we have admit- 
tedly accomplished much m a com- 
mercial way; and to offset this credit 
the European is in the habit of charg- 
ing us with a lack of appreciation of 
the esthetic side of life. Thus, the 
London Electrical Review asserts as a 
truth not subject to dispute, that with 
us “esthetics have a poor chance, and 
art has. to take a back seat.” Never- 
theless, it admits that we have out- 
stripped them in the recognition of il- 
lumination as a branch of engineer- 
ing, as evidenced by the organization 
of the Tiluminating nee So- 


ciety, and commends this action to the 
attention of its own readers. We are 
glad to reciprocate by stating that the 
Review is the first European technical 
journal to set forth the claims of the 
illuminating engineer, which it did in 
an editorial published in May last, 
and which we reprinted in our March 
issue. 


ILLUMINATING ENGINEERING. 
(Editorial, Electrical Review, February 9.) 


Last May we referred to an aspect of the 
question of efficiently lighting enclosed 
spaces by electricity, and pointed out that 
there was ample room for an expert on 1l- 
luminating. Since then the attention of 
others has been drawn to the fact that elec- 
tric lighting is often done in a manner ut- 
terly regardless of the effect on the eye so 
long as the floor receives its due quota of 
candle-power or watts per square foot. 
Even in America, where it may truly be 
said that esthetics have a poor chance in 
the strenuous life and (to use a colloquial- 
ism’) art has to take a" back seat as at 
length been recognized that a room or hall 
is not necessarily efficiently lighted by “hit- 
ting” lamps promiscuously about on the 
ceilings. In a paper recently read by Mr. 
James R. Cravath before the Western So- 
ciety of Engineers in Chicago, a number of 
local electrically-lighted halls, etc., were, 
metaphorically, pulled to pieces. Lantern 
slides, clearly showing the faulty methods 
of lighting, were used to assist the vigorous 
criticisms of the author, who boldly advo- 
cated the recognition of illuminating engi- 
neers. The function of these experts “should 
be to work together with the architect, in 
order that the attainment of aristic designs 
should not be achieved at the expense of 
illuminating efficiency. 

Mr. Cravath, in dealing with public halls, 
recommended the extensive use of hidden 
lamps with reflectors; or, where the lamps. 
are on fittings which form part of the ar- 
tistic design, that the light should be fil- 
tered through holophane globes or opal 
glass saucers. In dealing with private 
rooms, he instanced the faulty illumination 
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obtained by fixing bare lamps against a 
ceiling of oak beams, now so much the 
fashion amongst those who have the old 
Dutch mania. He rightly points out that 
consumers who have such rooms can well 
pay for more current by using reflected or 
diffused light. But what about the poorer 
consumer? Mr. Cravath says that a small 
living room can be efficiently lighted by an 
electrolier having two spreading arms with 
holophane globes for general lighting, and 
one center light pointing vertically down- 
ward with a prismatic glass reflector. He 
advocates the use of the latter for reading 
instead of a table lamp, where most of the 
light is wasted on the table. Such were 
a few of the suggestions made, but the 
paper was chiefly of value in regard to the 
number of examples shown by means of 
slides. Those who took part in the discus- 
sion rather skimmed the subject, as ap- 
parently the point of view was a novel one 
to most engineers. But the agitation, of 
which this paper was one of the signs, has 
caused definite action to be taken. Last 
month in New York there was organize 
the Illuminating Engineering Society; off- 


cers were elected, rules adopted and 89. 


members enrolled from amongst electrical 
engineers, gas engineers and architects. Is 
it not time that something of the sort were 
done here, where it is no extravagant claim 
to make that architecture and art are more 
revered than in the United States? 

As regards the methods of lighting avail- 
able, it seems to us a mistake to rely solely 
nowadays on the small-bulb incandescent 
lamp, whose source of light is too small 
for good diffusive purposes. We now have 
the large bulb high efficiency lamps, Nernst, 
Osmium and Tantalum lamps, all of which 
are much better adapted for diffused or 
hidden lighting in private houses; whilst 
for larger rooms and halls the same lamps 
may be used, with or without miniature or 
large enclosed arc lamps, to give an eco- 
nomical and soft light, quite unattainable 
with the ordinary incandescent lamp. 





While we are forced to admit that 
“architecture and art are more re- 
vered in England than in the United 
States,” it is doubtful if any such com- 
edy of illumination could be found in 
the United States or its remotest col- 
onial possession, as is described in the 
following leter printed in the Electri- 
cal Review of February 16th. We re- 
spectfully commend it to the attention 
of our municipal ownership friends. 
Possibly it is only a new phase of the 
Standard Oil “system.” 


A correspondent has written us as fol- 
lows, on the lighting of the city:—“The 


electric tram system was inaugurated in 
Belfast some three months ago. Poles in 
the center of the streets are generally used, 
and as these are practically invisible after 
sun-down, oil lamps are attached to each 
pole. Street lighting is by means of gas 
—incandescent and flat flame. Royal ave- 
nue at night is probably without a parallel 
in Europe—incandescent gas lamps down 
the side—twinkling oil lamps down the cen- 
ter; and this in one of the broadest thor- 
oughfares Britain (U. K.) can boast of. 
Truly, a notable example of municipal en- 
terprise, and a triumph for gas.” Our cor- 
respondent’s letter is a timely one; such 
triumps are much appreciated by the gas 
oS although not by the groping wav- 
arer. 


The condition of the incandescent 
lamp business in England seems to be 
in. a more or less chaotic condition, 
both as to quality, and uniformity in 
methods of testing and rating. Per- 
haps. if they hada 7lamp: trust’ to 
spend tens of thousands of dollars in 
standardizing processes of manufac- 
ture down to the minutest detail, and 
maintaining a most rigid system of 
testing the product from all the fac- 
tories controlled, it would have less 
cause for complaint in this direction, 
and would be ready to.admit that the 
much maligned trust or pool is not 
always an unmixed evil. Many of the 
faults which are troubling the English 
consumers have long since been over- 
come in this country by reason of the 
great American tendency to reduce 
every article of manufacture to stand- 
ard forms and dimensions where pos- 
sible: ->After , giving ‘ourselves due 
credit, however, for better commercial 
rating and assortment of incandescent 
lamps, manv of the conditions pointed 
out in the following paper apply with 
equalsforce to America| The: catses 
complained of, which are common to 
a greater or less extent the world over, 
are only another proof of the urgent 
need of a more general knowledge of 
the subject of illumination among con- 
Siimens, and a, greater amount of 
earnest endeavor on the part of the 
companies supplying the illuminant to 
see that the customer receives a fair 
measure of light for the amount of 
illuminant paid for. 


II2 


WASTE IN INCANDESCENT ELEC- 
TRIC LIGHTING AND SOME 
SUGGESTED REMEDIES* 


BY GEO. WILKINSON. 
(The Electrician, February 16.) 


Every enterprising station engineer, in 
order to secure a healthy growth of business 
against increasing competition, diligently 
seeks to reduce his cost of production and 
distribution. Labor-saving appliances—such 
as fuel and flue gas testing instruments, 
superheaters, improved forms of steam 
and electric generators, better methods of 
conversion and distribution, together with 
a more intelligent idea as ‘to the effect or 
load and diversity factors—have done much 
towards reducing these costs (allowing a 
corresponding decrease in the _ tariff 
charges to consumers), and yet finality in 
this direction, even with our present meth- 
ods and knowledge, still lies some distance 
in the future. The average prices ob- 
tained per unit in Great Britain (omitting 
exclusively tramway undertakings) ’ during 
1904 and 1905 were as follows:— 

Year Ending 


Mar., Mar., 
1904 1905 
Limited liability undertakings. 4.26d 4.06d 
Municipal undertakings...... 3.08d 3.02d 


It is when we get beyond the meter fixed 
on consumers’ premises, which marks the 
boundary of the supply undertakers’ 
authority and jurisdiction, that waste and 
extravagance take place. This is mainly 
due to the use of incorrectly-graded and 
inefficient lamps, and the persisted use of 
lamps after they have become blackened on 
the inner surface of the glass bulb. So 
marked is this lamentable waste, and its 
effect upon the future of electric lighting 
is so serious, that it is high time some 
definitely concerted action was taken by the 
supply authorities throughout the country 
to deal effectively with the matter, and to 
educate every consumer so that he may 
know how to get efficient electric lighting 
at a reasonable cost. 

Electrical engineers have too long con- 
sidered themselves simply producers and 
purveyors of electrical energy, and have 
not concerned themselves with the problem 
of turning a minimum amount of electrical 
energy into a maximum of lighting power, 
the consequence being that many a user 
is paying for double the amount of elec- 
trical energy ‘for lighting he ought to 
pay, and not a few lucrative electric light 
consumers have, regardless of health con- 
siderations, gone back to the use of gas. 

To show an urgent need for attention on 
the part of engineers to the points raised, 
I set forth a few of the many cases which 


* Abstract of a paper read before the Leeds 
Local Section of the Institution of Electrical Engi- 
neers, February 15th. 
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have come under my personal notice during 
the last few months. 

(a) Public Building.—Eighty 32-cp Brit- 
ish-made 100 volt lamps, taking an average 
of 170 watts each. The light in this case 
was exceedingly unsatisfactory, owing to 
drop in pressure, and by putting in 16-cp 
lamps certified by the Corporation (as here- 
inafter explained) the light was improved 
and the current consumption very greatly 
reduced. 

(b) Private House.—Consumer using 
8-cp British-made lamps giving in one 
case only 2.I-cp at II watts per candle, 
and another 3.2-cp at 8 watts per candle; 
also one 16-cp giving 8.9-cp at 6.6 watts 
per candle... 

(c) Four special 16-cp 200 volt foreign 
lamps, sent for test, dropped from 16-cp to 
7 in less than 100 hours. These might 
have been used on consumers’ premises 
with disastrous results. 

(d) Private House.—Consumer found 
to be using 230 volt lamps on a 200 volt 
circuit. 

(e) Private House.—Consumer found 
to be using 2!4-cp lamps taking 30 watts 
each, or I2 watts per nominal; candle at 
200 volts. Actual candle-power given by 
the lamps was 5 on photometric test. 

(f) Shop.—Nominal 8-cp lamps, giving 
5.5-cp and taking 6.6 watts per candle. 

The following cases have been given to 
me by engineers of other electrical under- 
takings :— se 

In the public buildings of a large city 
in Scotland, the British-made lamps from 
a number of tests made were found to 
be taking an average of 829 watts per 
mean horizontal candle-power, and 9.14 
watts per mean horizontal candle-power in 
the case of Continental-made lamps. 

Investigations made in a leading manu- 
facturing city in Yorkshire show an aver- 
age of 7.6 watts per mean horizontal 
candle-power in the case of foreign lamps, 
and 7.03 watts per mean horizontal candle- 
power in the case of British-made lamps. 
Tests made on 8 and 16-cp lamps in stock 
in the same city, showed a variation of 
from 2.98 to 5.67 watts per mean horizontal 
candle. 

Investigations in one of the chief cities 
in Lancashire on new 16-cp lamps held in 
stock by the Corporation showed a varia- 
tion of from 3.25 to 8 watts per candle, 
with a variation in candle-power on stand- 
ard voltage from 10% to 20 candles. 

I do not suggest that the lamps in all 
the above-cited cases are necessarily bad 
lamps, but they are certainly wrongly 
graded and marked. ‘These are only a 
few instances, and I am convinced that in 
many towns the cost of electric lighting is 
greatly increased to the consumer, due to 
errors in the grading and marking of 
lamps. So far as I can ascertain it appears 
to be the general practice amongst lamp 
makers to sell lamps marked with a nom- 
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inal candle-power, but actually giving con- 
siderably less than that marked on the 
bulbs. 

SUGGESTED REMEDIES. 


Legislative —Clause No. 18 of the 1882 
Electric Lighting Act* should be immedi- 
ately abolished, and a new clause sub- 
stituted, giving the electricity supply un- 
dertakers right of supervision over the 
lamps used on their supply mains, and the 
right to refuse to supply customers using 
wasteful lamps. In my view this desirable 
supervision can be exercised without the 
undertakers taking the lamp trade from 
the local contractors; such a step on the 
part of municipalities would be an unwar- 
rantable and: unfair interference with the 
business of private tradesmen in_ the 
district. 

Local Precaution.—I have, in co-opera- 
tion with the local contractors in Harro- 
gate, developed a system of control over 
the lamps used in the supply mains which, 
while it secures to the Corporation the 
control referred to, leaves the contractors 
the benefit of their trade in lamps, and puts 
eno restriction upon them as to what make 
or class of lamp they -supply to. their 
customers. It is desirable that we should 
have legal powers to compel contractors 
to supply, exclusively, lamps approved by 
the supply authority. At present we are able 


to get a written undertaking only, and de- . 


pend upon the contractors to abide thereby 
honorably. In Harrogate such undertaking 
appears to be quite sufficient at present to 
effect what we want. 

Lamp Specification —Twelve months ago 
I drew out a specification (see Appendix), 
which was issued to all lamp manufacturers 
supplying lamps to the district, with the in- 
timation that in future lamps would not 
be certified for use on the Harrogate supply 
mains which did not come within the spe- 
cification, both as to candle-pawer and 
wattage. The result of the specification 
was that many grosses of lamps of all 
makes were returned to the manufacturers 
from Harrogate. Considerable feeling was 
manifested on the part of several manu- 
facturers, due to the constant refusal of 
lamps; now, however, they appear to 
have settled down to comply with our re- 


* 18.—The undertakers shall not be entitled to 
prescribe any special form of lamp, or burner, to 
be used by any company or person, or in any way 
to control or interfere in the manner in which 
electricity supplied by them under this act, and 
any license, order or special act is used: Provided 
always that no local authority, company or person, 
shall be at liberty to use any form of lamp or 
burner, or to use the electricity supplied to them 
for any purposes, or to deal with it in any man- 
ner so as to unduly or improperly interfere with 
the supply of electricity supplied to any other 
local authority, company or person, by the under- 
takers, and if any dispute or difference arises be- 
tween the undertakers and any local authority, 
company or prson entitled to be supplied with 
electricity under this act, or any license, order or 
special act, as to the matters aforesaid, such dis- 
pute or difference shall be determined by arbitra- 
tion. 


quirements, and very few lamps which are 
now sent for certification fail to pass the 
required tests, and the consumer has al- 
ready begun to feel the benefit of their im- 
proved efficiency. We have numbers of 
instances where the accounts have decrea- 
sed since certified lamps were used, and the 
ultimate result is bound to be an increase 
of business accruing to the electricity de- 
partment. 

Notices to the Consumers.—A notice is 
attached to the quarterly account calling the 
attention of the consumer to the import- 
ance of using, exclusively, lamps certified by 
the supply authority, and warning him 
against buying lamps from casual travel- 
ers. 

The question of the efficiency and grad- 
ing of lamps has recently been taken up 
by the Municipal Electrical Association, 
and a more comprehensive and detailed 
specification than that forth in the appen- 
dix has been drawn up; but its issue to the 
members of the Association is postponed at 
the request of the Physical Standards Sub- 
Committee of the Engineering Standards 
Committee, and the Municipal Electrical 
Association has elected Mr. C. D. Taite 
and myself as their representatives on this 
sub-committee. This committee has gone 
into the question of lamp efficiency and 
grading in great detail; have had careful 
tests carried out by various lamp manufac- 
turers, and have held an all-day conference 
with the representatives of the manufactur- 
ers, and their deliberations are now ap- 
proaching completion. Doubtless the effect 
of the Municipal Electrical Association’s 
recommendations, when issued, will be bene- 
ficial to all parties concerned, and especially 
to the consumers. It is difficult, however, 
to see how the full benefit of these proceed- 
ings can be felt until Clause 18 of the 1882 
Electric Lighting Act is annulled or mod- 
ified. It is to be hoped that concerted action 
will at once be taken by the supply under- 
takers in this direction. 

It is usual in ordering lamps from man- 
ufacturers to specify the maximum drop 
in candle-power allowable after the lamps 
have been on circuit a stated number of 
hours at the standard voltage marked upon 
the lamps. The specification generally fixes 
a maximum of 20 per cent. drop in candle- 
power on a 400 or 600 hours’ run. In 
making this test a maximum rise in pres- 
sure of 2 per cent. should be allowed, as 
closer regulation is not obtained on public 
supply mains. 

A difficulty presents itself in the length 
of time required to verify the drop in 
candle-power; very few makers or dealers 
will consent, or can afford to lay large 
stocks of lamps aside for five or six weeks 
while drop in candle-power and life tests 
are being made on sample lamps drawn 
from each consignment; the consequence is 
that these important tests are almost en- 
tirely neglected, and in the writer’s opinion 
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large numbers of lamps are continually put 
on circuit which blacken prematurely and 
bring discredit upon the industry. Experi- 
ments which I have made show that a very 
thin film of deposit on the internal surface 
of the glass bulb serves to reduce the hght 
by 50 per cent., and a lamp loses two- 
thirds of its original candle-power before it 
gets to the condition commonly accepted as 
“black: * 

The lamp merchants should rigidly in- 
sist upon the makers submitting a per- 
centage of each batch of lamps to an inde- 
pendent and recognised authority for drop 
in candle-power test; such lamps being 
selected promiscuously from the bulk; and 
the maker should furnish a certificate set- 
ting forth the results of such tests. A life 
test is not nearly so important as the drop 
in candle-power test and lamps which show 
good results on candle-power after the 
specified number of hours may generally be 
accepted as satisfactory on the score of 
durability. 

It is better to use lamps with large glass 
bulbs, as the internal blackening process is 
thus spread over a greater area and is 
therefore thinner, presenting less obstruc- 
tion to the light. This view is confirmed 
by the rapidly increasing use of lamps with 
large spherical bulbs, which do not reveal 
the blackening process nearly as quickly as 
the ordinary sized.glass bulbs. It is’ of 
great practical importance that drop in 
candle-power tests should be considerably 
shortened by employing a pressure higher 
than the standard working pressure, for, 
Say, 150 to 200 hours; this will decrease 
the expense and inconvenience of keeping 
back lamps during the weeks at present 
absorbed in making these tests. Fortunately 
the time can be shortened to about 150 
hours by applying a slightly increased uni- 
form pressure, but this method at present 
is followed by only one or two British 
firms; it is, however, common in America, 
and will doubtless become regulation prac- 
tice everywhere in the near future. 


EQUIPMENT OF LocaL Lamp-TESTING Room. 


The large numbers of lamps which are 
likely to be submitted for test in all local 
centers where lamp supervision and certi- 
fication is adopted and the small charge 
which can be made per lamp (Md. in the 
case of Harrogate), necessitate expeditious 
methods, giving reliable results. The wri- 
ter has experimented in many directions 
and with many instruments before arriv- 
ing at a fairly expeditious, reliable and 
simple method, employing current derived 
from the ordinary supply mains. The equip- 
ment is as follows :— 

Wattage Measurements.—The method 
employed entails the use of a standard volt- 
meter and a small hand-regulated booster 
(or sliding resistance in the case of direct 


currents), by means of which the volts are 


adjusted to and maintained at the exact 


pressure marked upon the lamps. After the 
pressure adjustment is made, each lamp 
is in turn inserted into a lamp-holder con- 
nected with a standarised dead-beat watt- 
meter, the resultant reading in each case 
being recorded in ink pencil upon the brass. 
cap of the lamp. ‘They are then placed 
in light baskets and passed on to the photo- 
meter. Any lamps falling outside the spe- 
cified wattage limits are placed on one side 
for return as unsatisfactory. 

Photometric Measurements.—A_ grease- 
spot photometer is employed with a scale 
graduated directly in. candle values, so 
that the illuminating power of any lamp can 
be read off at once without calculation of 
any kind; the scale is an open one, and 1s 
graduated up to 70 candles on each side of 
the zero center line. 

In cases where lights of different colors. 
are being prepared, a flicker head is sub- 
stituted for the ordinary grease-spot head. 
The light standard is securely clamped on 
the left of the spot box in such a position 
on the scale as to give an 8, 16, 32-cp, or 
other definite illuminating value upon one 


side of the grease spot. The lamp under * 


test is placed in a lamp-holder upon a 
moving carriage on the other half of the 
scale, this holder being rotated at about 
200 revs. per min. by means of a small 
motor and worm gear carried on tne mov- 
ing carriage and controlied by a switch 
near the operator. A standard voltmeter 
with illuminated dial is placed immediately 
over, the photometer head, and a smal? 
booster adjusted by a screw motion (or 
sliding resistance in the case of direct cur- 
rents) is located under the bench carrying 
the photometer, so that the operator can 
with facility maintain the exact standard 
electric pressure. 

Standard of Light.—l strongly condemn 
the general use of pentane or any other 
flame standard; they are very difficult to 
manage and vary in illuminating effect, 
from time to time, according to atmosphe- 
ric and other conditions. Good pentane is 
difficult to obtain, still more difficult to 
keep, and it is expensive. Ordinary in- 
candescent lamps which have been “aged” 
until their illuminating power becomes 
stable should be selected and sent to the 
National Physical Laboratory to be stand- 
ardised at. a declared voltage, and the po- 
sition in which they are standardised should 
be carefully marked upon the glass bulb 
near the cap. -These lamps then form re- 
liable standards of reference, from which 
sub-standards can readily be obtained for 
use on the photometer by the lamp testing 
assistant; thus, the original standards being 
little used, do duty for a long period and 
seldom require re-standardising. 

Lamps which pass are finally stamped 
upon the glass bulb by means of a rubber 
stamp and etching fluid, with word “Cer- 
tified” and the initials or crest of the 
authority certifying same. 
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This is to certify that we have tested for 
candle-power at all angles below the hor- 
izontal a 200 volt %4-ampere Nernst lamp— 
firstly, when fitted with your diffuser and 
reflector, and, secondly, fitted with the or- 
dinary alabastrine pear-shaped globe. 

The following results were obtained :— 


Candle-power. 


Angle below the With With 


horizontal. diffuser. globe. 

Ov Mite au ena oe eS TOUS 29.0 

KG hl gy ene! paket argo 20.0 31.0 

BOM RATT Hee ease 5 RESON 22.0 

SOas Miner weit ie oe aA eR 38.5 21.0 

Ak EMER e Cieh eett hy: thee SAA 29.0 

8 pach es ar Pe Ae RE be 26.5 

CO min Bolan Se he Payie (BDS 24.0 

TOD OE RRM oe eR tea b SR. 5 2s 

OONeE Ree esta ttt a) .5O.5 19.0 

COM re rss reer ée 00:5 1720 
Mean hemispherical candle- 

power . MMe oan os nf BOO) 29.0 

Watts: 51.2 at 200 volts... —— = —— 
Watts per mean hemispher- 

ical*-candle-power ~/i 2.0.5 TAEDA 76 


For and on behalf of 
WESTMINSTER ELECTRICAL TESTING 
LABORATORIES, 


(Signed) Lancetor W. WILD, 
Chief Electrician. 
December 29, 1904. 


It will be seen from the above figures 
that below the angle of 20 deg. from the 
horizontal, which includes all the useful 
lighting area, the mean spherical candle- 
power shows an efficiency of one candle 
per watt, a result unapproached by any 
other electric lamp of small candle-power. 

Vacuum Tube Lighting —Some good ex- 
amples of this system of lighting can be 
seen operating in business premises along 
Broadway, New York, notably at the of- 
fice of the New York World, which is 
illuminated by one tube 86 ft. long, running 
_ round the office and fixed beneath the ceil- 
ing cornice. Lighting tubes of this class 
are in operation up to 155 ft. long. They 
are operated by extra high-pressure alter- 
nating current, ranging from 5,000 volts 
upwards, produced by a transformer en- 
closed in an earthed metal box; the light 
produced is soft and agreeable, and is a 
near imitation of daylight; the intensity ot 
light can be regulated from a faint glow 
to 20 or more candles per foot of tube, 
which tubes are about 134 in. diameter. 
The illuminated tube can be looked at with- 
out inconvenience to the eye, and it ap- 
pears as though it were a long cylinder ot 
densely white smoke. The light radiating 
fromicsuch a large ‘surface area gives a 
very perfect diffusion, and a practically 
“shadowless light” result. No mercury is 
used in these tubes, and the makers claim 
an efficiency as high as 144 watts per candle, 
including transformer loss, and state that 
the life of the tubes is “almost unlimited.” 


Very little information is available about 
this form of lighting; I cannot find that 
there are any of these lamps in Great Bri- 
tain, but the American examples are strik- 
ingly effective, and the method is worthy 
of more attention than it obtains at present. 
Probably the ultimate form of electric 
lighting will be by means of incandescent 
vapor, of which the well-known mercury 
vapor lamp forms an unsatisfactory and 
crude example. 

This papers is aiteady- too. long, and 1 
therefore pass over the osmium, tantalum 
and other new types of electric incandes- 
cent lamps, which are still in their experi- 
mental stage and unsuitable for the ordi- 
nary working pressures of town lighting 
circuits. 


APPENDIX.—Lamp SPECIFICATION. 
WatTTaAGE TESTS. 


2¥%-cp lamps are not recommended, as 
they have been found to be very inef- 
ficient.4-.) 
100 Vott LAmMps. 


A nominal 5-cp lamp will not be certified 
if the watts consumed are above 26. 

A nominal 8-cp lamp will not be certified 
if the watts consumed are above 34. 

A nominal 16-cp lamp will not be certi- 
fied if the watts consumed are above 66. 

A nominal 32-cp lamp will not be certi- 
fied if the watts consumed are above 130. 


200 VoLtt LAmps. 


A nominal 5-cp lamp will not be certified 
if the watts consumed are above 28. 

A nominal 8-cp lamp will not be certi- 
fied if the watts consumed are above 36. 

A nominal 16-cp lamp will not be certified 
if the watts consumed are above 68. 

A nominal 32-cp lamp will not be cer- 
tified if the watts consumed are above 140. 


CANDLE-PowErR TESTS. 


Note.—Lamps are tested in the horizon- 
tal plane, and the mean of two readings 
taken at right angles is the assumed candle- 
power. 

5-cp lamps will not be certified if their 
actual candle-power is below 4 or above 
6.5. 

8-cp lamps will not be certified if their 
actual candle-power is below 7 or above 9, 
or if the watts consumed per actual candle- 
power exceed 4 for 100 volt lamps, or 4.25 
for 200 volt lamps. 

16-cp. lamps will not be certified if their 
actual candle-power is below 14 or above 
18, or if the watts consumed per actual 
candle-power exceed 3.75 for 100 volt 
lamps, or 4 for 200 volt lamps. 

32-cp lamps will not be certified if their 
actual candle-power is below 28 or above 
36, or if the watts consumed per actual 
candle-power exceed 3.75 for 100 volt 
lamps, or 4 for 200 volt lamps. 
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EFFECTIVE SHOP LIGHTING 
By W. A. Topprn. 


It is interesting to observe the 
methods used by others, even if we do 
not follow them. Most American il- 
luminating engineers would scarcely 
call the methods of show window light- 
ing as outlined in the following article 
sufficiently scientific or artistic for use 
in a modern American store; but they 
are interesting as showing practices 
that are presumably acceptable to the 
English public, where “architecture 
and art are more revered than in 
Nea | 


(Electrical Review, February 23.) 


The effective lighting of shops is really 
a most important problem. Incandescent 
gas lighting has made such advances re- 
cently that it is a serious competitor to 
electric lighting. Passing through the 
streets of several of our large towns; I 
have been much struck with the fact that 
some shops using gas are much _ better 
lighted than others using electricity. Now, 
this is not as it should be, for electricity 
has so many advantages over gas that, if 
ordinary care is taken, an _ electrically- 
lighted shop window leaves nothing to be 
desired. It is not enough to put up so 
many incandescent lights inside the shop, 
and an arc lamp or so outside. The method 


of lighting should be adapted to the size 
of the window, and especially to the way 
the goods are arranged therein. 

Certain classes of shops always arrange 
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Tailors and furniture dealers have large 
windows, and the goods displayed extend 
back some distance into the shop. This 
type of shop is shown in Fig. 2; and as the 
goods are placed in the bottom of the win- 
dow, arc lighting is most efficient and eco- 
nomical. One enclosed type arc lamp is 
generally sufficient for each window. In 
Fig. 3 a shop window is shown with the 
goods piled up to the top at the back of 
the window, and some on sunpnorts in the 
front of the window. Drapers’, grocers’ 
and stationers’ shops are instances of this 
type. A row of Linolite lamps at the top 
of the window and plugs at the bottom sup- 
plying current to movable lamps fitted with 
shell reflectors to illuminate the bottom of 
the window answers admirably. 

Where the window is practically full of 
articles, the method of lighting shown in 
Fic. 4 is suitable—a couple of small en- 
closed arc lamps fitted with reflectors, so 
as to throw all the light on the windows, 
and either Nernst lamps or the new type 
of incandescent lamps, 7. e., large circular 
frosted globes, inside the window. Gentle- 


“men’s outfitters and jewelers are examples 


of this type. 

An art dealer or photographer’s shop 
should have the means of illumination con- 
cealed as much as possible. A suggested 
method of lighting is shown in Fic. 5. 
Rows of Linolite lamps at the top and bot- 
tom of the window will illuminate pic- 
tures placed at the back of the window very 
well indeed. 

The interiors of shops do not require so 
much care in the choice of lighting. Large 
and roomy interiors are best lighted by 
enclosed arc lamps and smaller interiors by 
Nernst lamps. 





the goods in a similar manner. For in- 
stance, a fruiterer or confectioner generally 
places his goods in the bottom of the win- 
dow, as shown in Fig. 1. A most effective 
form of lighting for this type of shop is 
obtained by fixing short pendants to the 
ceiling and using silvered reflectors for 
the lamps. The light is all thrown verti- 
cally downwards, and the articles displayed 
are illuminated in a most perfect manner. 


Many shops use electric light in the 
windows and gas inside. This is bad 
practise from the central station engineer’s 
point of view, as the light is required 
nearly all day inside the shop, and the 
window lights are only used when the load 
on the station is at its heaviest. The en- 
gineer thus loses just the load he is in need 
of, and gets a load he is not particularly 
anxious for. 
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PROGRESS IN ELECTRIC LIGHTING 


After a comparatively long period 
of quiescence, the production of light 
from electricity seems to be again en- 
tering upon a transitional period. The 
signs are numerous and impressive 
that the next few years will see the 
passing of the present methods of pro- 
ducing electric lights and the advent 
of new means far in advance of the 
old, both in point of efficiency and 
quality of illumination. Up to the 
present time black carbon heated to the 
point of incandescence has been the 
sole source of electric light. The elec- 
tric light of the near future will be 
from either gas in the state of. incan- 
descence or from some solids having 
a vastly higher light-radiating power 
than amorphous carbon. 

(Electrician, February 9.) 

A paper on this subject was read by Mr. 
Leon Gaster before the Society of Arts last 
Wednesday evening, Sir William Preece, 
Kee. bor RS. in the cha: Atter:a briéf 


introduction, the author described a mod- 
ern lamp factory, illustrating his remarks 


* ’ with photographs of the Robertson works 


thrown on the screen. The importance of 
a constant supply voltage to consumers was 
then dwelt upon at length, and supply un- 
dertakers were recommended to calculate 
the most economical efficiency, taking into 
account the life of the lamps and the cost 
of electrical energy, and then to give free 
lamp renewals, and so sell light rather than 
current. The speaker advocated the adop- 
tion of a standard specification, as is al- 
ready proposed by the Engineering Stand- 
ards Committee, and referred to the need of 
a new standard unit of light with reliable 
and convenient secondary standards. In 
the second part of his paper he described 
the structure, peculiarities and possibilities 
of a large number of electric incandescent 
lamps, arc lamps and vapor lamps, and he 
had on view a representative collection, 
These exhibits, most of which were shown 
in operation, included two novelties not yet 
on the British market—viz., a I10-volt os- 
Emin vlamp, anid +a..zirconium lamp: The 
latter is claimed to consume only 1 watt 
per candle-power, and is at present de- 
signed for 37 volts. In the discussion 
which followed the paper, Dr. R. T. Glaze- 
brook mentioned that he had been engaged 
for the last two months in considering a 
standard specification for incandescent 
lamps, and hoped that the result would be 
made public before very long. The 10 c.p. 
pentane lamp was a good standard of light 
for laboratory work, but was not well suit- 
ed to ordinary use. Researches in the di- 





rection of evolving a satisfactory secondary 
standard were now being made, however, 
at the National Physical Laboratory. After 
a few words by Sir William Preece, who 
pointed out that the reduction in the price 
of electric energy had gone hand in hand 
with the increase in lamp efficiency, the 
meeting terminated. 


A NEW METALLIC FILAMENT 
LAMP 


The Efandem Co., of 67A Shaftesbury 
avenue, have sent us the following tests 
on a new metallig filament lamp due to 
Drs Tanz Kuzel, of (Baden; near. Vienna. 
We are informed that about 100 of these 
lamps have been manufactured for the 
purposes of experiment, and that, in order 
to verify the tests made by Dr. Kuzel and 
Mr. Joh. Kremenezky, at the latter gentle- 
man’s laboratory in Vienna, a number of 
lamps were also submitted for test to the 
Electro-Technical Testing Department of 
the K.K. Technologischen Gewerbe-muse- 
um, of Vienna. Our correspondents state 
that the first two lamps which were sub- 
mitted to the Institute in the month of 
August, 1905, for test were taken from a 
series which had been manufactured on 
commercial lines, and gave the following 
results, which were officially certified :— 


Series N. Group A. 
Lampe Now Gi. 2s2volts,.13:17°C.p.. 0-401 


AMIpere, 12E2 watt -per .c.p: 
Light 
Candle- Watt difference 
Hrs. power. Amperes. per cp. 1n, per cent. 
On ec L3cL7, 0.461 [12 — 

98 14.06 0.462 1.05 + 6.7 
218 13.80 0.456 1.05 + 48 
2TAN ay Laat 0.457 1.02 + 8.6 
434 SIA.10 0.456 1.03 + 7.0 
B70, 14.26 0.455 1.02 + 8&4 
753), 12.85 0.453 1.13 —1I10.0 
885" 12:03 0.451 [10 — 1.6 

1,010 Filament in the loop after 1,oI0 
hours burnt through, rejoined it- 
self, still burning. 

1,029 16.72 0.482 0.992 +26.9 

TO 7 ESO 0.480 0.975 +19.6 

*1,230) 10/20 0.479 0.945 +22.9 

1,468 ‘14.07 0.472 1.002 +13.6 


After 1,468 hours burnt out. 
Another series of tests gave the follow- 
ing results: 
Series U. Group A. 
Lamp No. 2, 19 volts, 29 c.p., 1.48 am- 
peres,.0:07. watts, per -c.p. 
Light 


Candle- Watt difference 
Hrs. power. Amperes. per c.p. in per cent. 
O 29.0 1.48 0.97 —- 
503 28.8 1.48 1.02 — 0.7 
I,IIO 26.2 1.49 1.08 — 9.7 
1,686 252 1.48 1.11 113.1 
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After the last figures given above, the 
current was increased to about 60 volts, 
thus over-running the lamp, in consequence 
of which the filament burnt through in the 
loop. The filament, however, rejoined it- 
self. Lamp still burning. 

In another test the lamp was over-run 
233 per cent. above its normal voltage with- 
out the slightest damage. A second lamp 
was over-run 201 per cent., the only result 
being that the normal candle-power of 10% 
c.p. after being over-run had risen to 20% 
c.p. 


Table showing Results of Over-running a 
Metallic Filament Lamp, normal, 20.2 
volts, 19.5 c.p., 0.97 ampere, I watt 
per candle-power. 


Light 
Candle- Watt difference 
Volts. power. Amperes. perc.p. in per cent. 
20.2 19.5 0.97 1.0 — 
25.8 50.0 1.14 0.588  -+156.5 
32.7 | 100.0 1.30 0.425 +433.3 
34:54 9125.0 liggul 0.370 +451.0 
39.0 180.0 1.44 0.312 -+823.10 
40.6 211.0 1.475 0.283 +982.0 


It is also announced that these new me- 
tallic filament lamps can at present be 
manufactured for circuits up to I10 volts, 
but no tests of lamps for this voltage have 
been sent us. We are also given to under- 
stand that “the manufacturing cost of the 
lamp will be very little different to that 
of the ordinary carbon-filament lamp uni- 
versally used up to the present, as the raw 
materials used in the process of manufac- 
ture of the filaments can be obtained in 
unlimited quantities and are not expensive. 









































FIG. 2. 


OSMIUM AND TANTALUM 
BY vES4SPeEirs: 
(Electrical Review, London, February 23.) 


The advent of the osmium and tantalum 
lamps, with efficiencies of considerably less 
than 2 watts per candle, has invested these 
rare metals with an importance that could 
not have been foreseen a short time ago. 
In both cases has the electric current or 
the electric furnace been pressed into the 
service of the filament maker. Pure tan- 
talum was obtained by Bolton, the inventor 
of the lamp using this metal, by electro- 
lytically reducing a filament made of the 
tetroxide (which is a solid electrolyte, like 
a Nernst filament) by means of a strong 
current in a vacuum. The oxide is really 
electrolyzed, incredible as it may seem, pure 
oxygen—which has to be removed to pre- 
vent recombination—being given off from 
the filament until the latter is entirely re- 
duced to the metallic state. In another 
method potassium tantalofluoride is elec- 
trolyzed, and the metallic powder so ob- 
tained is heated in vacuo in an arc furnace 
made between electrodes of the material 
itself ,to remove the oxides and the hydro- 
gen present. Osmium filaments are made 
by squirting a paste consisting of the finely- 
divided metal and an organic binding ma- 
terial, and then, after carbonizing, heating 
electrically in a moist atmosphere to remove 
the carbon in the form of water gas. Ata 
recent meeting of the Society of Arts, Mr. 
Gaster exhibited, for the first time, a 1.2 
watt per candle lamp containing a filament 
made of pure zirconium, another of Mois- 
san’s electric furnace products. 





MAGAZINE FLAMING ARC LAMP. 
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MAGAZINE FLAMING ARC LIGHT 


The only serious fault charged to 
the flaming arc lamp at present is the 
greater amount of care and attention 
required on account of the short life 
of the carbons. The lamp described 
below is a German invention, intended 
tO; Overcome. this fault. 


The chief difficulty with which makers 
and users of flame arc lamps have to con- 
tend is the rapid consumption of the carbon, 
so that the choice hitherto has been be- 
tween comparatively short burning hours 
or the employment of abnormally long car- 
bons, which add considerably to the cost of 
maintenance, as the cost of long straight 
arc lamp carbons is considerably greater 
than the equivalent length in shorter pieces. 
In the Oliver lamp, called by the trade name 
“Oriflamme,” this difficulty is overcome by 
the use of a “magazine.” The lamp can 
thus hold eight or nine pairs of carbons, 
each 12 in. long. These are of exceptionally 
small diameter, but the proportion of the 
total section taken up by the core is greater 
than in ordinary flame lamps. It has been 
found that within certain limits the greater 
the relative size of the “flame” producing 
core, the greater the efficiency of the arc, 
but it is also an unfortunate fact that the 
greater the proportion of core, the more 
rapid is the consumption of carbon. Since 
the carbons are of smaller size, it is possi- 
ble to use carbon of comparatively poor 
quality without impairing the steadiness of 
the arc. The cost of carbons does not ex- 
ceed 6,09 d per lamp-hour in a 9 ampere 
lamp. Each pair of carbons burns five 
hours. The carbons are placed in two flat 
boxes inclined at an angle of 22 deg. They 
are put in at the back, and pressed forward 
by a pair of arms controlled by a spiral 
spring. Fig. I is a sketch of one of the 
magazines, the arms AA pressing against 
the carbons C, The front carbon emerges 
from the magazine as seen, and is pressed 
forward by the stud S, fixed on a chain B. 
It is this chain that feeds the lamp, being 
turned by the sprocket wheel D. There are 
two studs, S and JT, on this chain. In the 
position seen in the sketch the stud S$ is 
pressing down the carbon as the lamp feeds 
by the travel of the chain. When this stud 
reaches the bottom, the carbon is ejected 
and the next one takes its place, and the 
second stud T has on that moment reached 
the top of the carbon and presses it down 
as the chain travels. Figs. 2 and 3, which 
are sketches showing elevations of the 
mechanism at right angles to one another, 


help to indicate the general arrangement. 


In these figures the reflector R is shown, 
which is designed to prevent the deposit of 
the products of combustion on the globe of 
the lamp. It is of porcelain in a copper 
spinning, and rests on the rim of the globe 
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on three distance pieces. By this arrange- 
ment there is an upward draught of air 


_through the hole in the reflector and the 


products of combustion are deposited above. 
An ash tray G catches the short ends of 
carbon. It is seen that the angle between 
the carbons is so small that no blow-out 
magnet is necessary. The voltage of the 
arc 18 35, so that allowing five more volts 
for steadying resistance. 


SELENIUM AND ITS USES 
(Electrical Review, London.) 


One of the great advantages which 
electricity has claimed over gas as an 
illuminant is the readiness with which 
the light may be turned on and off at 
any distance from the lamp. Inven- 
tors have not been idle, however, in 
their search for means of giving gas 
this same advantage; but to turn on 
gas and light it by means of light it- 
self, would seem an impossible dream 
of the inventor, had we not become 
accustomed to “action at a distance”’ 
in the now more or less familiar wire- 
less telegraph. Ihe: use of light for 
the transmission of speech is even 
more wonderful. 


The element selenium, which is destined 
to play so important a part in wireless tel- 
ephony, has recently been the subject of 
experiments at the hands of MM. Aichi 
and Tanakadate, at Tokio, who found that 
by heating up the selenium to a temperature 
of 220° C., and then cooling it, they ob- 
tained a curve of variation of electrical 
resistance which did not pass through the 
origin, and that they could obtain increased 
conductivity, and a positive temperature co- 
efficient over a large range of temperature, 
the variation of conductivity being ap- 
parently due to a modification of molecular 
Structure: 

Selenium was used in 1875 by Werner 
Siemens in the construction of a selenium 
photometer, but at that time the metal 
could only be prepared to be sensitive to the 
red, orange and yellow rays; recently, how- 
ever, selenium has been prepared in such a 
manner that it is extremely sensitive to 
both radium and ROntgen radiations.., 

M. Ruhmer, in L’Eclairage Electrique, 
October 14th, 1905, describes a photometer 
and radiometer for Rontgen rays, in which 
he makes use of selenium specially prepared 
for this purpose. 

The selenium element is placed in series 
with a battery and a milliammeter, the 
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reading of which increases or decreases in 
a manner exactly analogous to the intensity 
of the photographic and therapeutic effects. 
This Rontgen radiometer is the first meas- 
uring apparatus which permits of an exact 
dose of Rontgen rays being given, except 
by inference, in therapeutic applications. | 
The effect of light upon the conductivity 
of selenium has been employed by M. Ju- 
lius Pintsch in the automatic lighting of 
gas buoys, and the general arrangement of 
such an apparatus is diagrammatically 
shown in Fig. 1, where d is the selenium 
element placed in series with a battery and 
a relay, the armature of which takes up the 
position b or c, depending upon the amount 
of light falling upon the selenium; the bat- 
tery current from f then passes by way of 
b or c through one or other of the two 





TEE Ie 


solenoids, thus actuating the cock k, open- 
ing it to light up the buoy at dusk or clos- 
ing it to extinguish the lamp during day- 
light. 

The consumption of current by the sele- 
nium element is so small, that the smallest 
dry cells will readily last for 12 months; the 
relay battery f is specially constructed to 
withstand shocks. Such an apparatus has 
been in uninterrupted use for a consider- 
able time without giving the least trouble. 

In Bell’s first photophone the solar rays 
were projected by a mirror on to the sil- 
vered membrane of a special speaking trum- 
pet, and thence reflected to the receiving 
station; as the vibrating membrane is 
sometimes concave, sometimes convex, the 
rays are rendered convergent or divergent, 
and are concentrated on a selenium element 
placed at the focus of a parabolic mirror at 
the receiving station, and in series with a 


telephone. In 1880 Bell and Tainter suc- 
ceeded in talking over a distance of 200 
meters by this method, but using the rays 
of an arc lamp for the purpose. 

Now M. Ruhmer has been able to tele- 
phone without wires, with perfect success, 
over a distance of 15,000 meters. 

A microphone is connected in series with 
a battery and the secondary of a trans- 
former, the primary of the transformer be- 
ing arranged in series with a direct-current 
arc placed at the focus of a parabolic mir- 
ror; at the receiving end a selenium ele- 
ment is arranged at the focus of another 
parabolic mirror, and is connected in series 
with a battery and a telephone. 

Variations of intensity of radiation are 
produced in the arc exactly corresponding 
with the words spoken into the microphone, 
and these varying radiations acting upon the 
selenium reproduce the words in the tele- 
phone. 

M. Ruhmer, using a 60-cm. searchlight, 
has recently held communication between 
Berlin and a clock tower on the Falken- 
berg, using this apparatus, manufactured 
for the purpose by the Schuckert Co. 

In spite of the absorption of light in 
transmission, of dispersion, and the fact 
that the perfectly polished parabolic receiv- 
ing mirror received only the 100 millionth 
part of the light from the transmitter, the 
words spoken into the microphone at Ber- 
lin were heard, clear and distinct, in the 
telephone at the receiving end. 

As a larger teceiving mirror would 
gather more rays, it is certain that this 
method could be operated over much great- 
er distances, such being only limited by the 
curvature of the earth, since with this 
method, as distinguished from wireless tel- 
egraphy, the two stations must be recipro- 
cally visible. 

The results obtained show that the meth- 
od is of considerable practical importance, 
and has a distinct sphere of usefulness in 
naval work, possessing several advantages 
over wireless telegraphy. 

M. Ruhmer has also achieved success in 
telephoning in both directions, and _ will 
publish at a later date the results of his 
work in this direction. 





INVERTED GAS LAMPS* 
By Pror. H. DreuscHMiIpt. 


In the present competition between gas 
and electric lighting gas holds its own 
well. Tull lately it was thought that electric 
lighting would have it in regard to street 
lighting until it was shown that gas light- 
ing can easily run up to candle-powers 
of 2,000 and over in forms suitable both 
for streets and for large buildings. 


* Translated from the Journal for Gasbeleuchtung 
September 16, 1905, p: 813, by the Gas World, 
March 3. 
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Electric lighting did, however, present 
one advantage over gas lighting. With the 
latter the light tended upwards, whereas 
what we want is light mainly sent down- 
wards and the electric arc meets this lat- 
ter requirement. Gas lamps had therefore 
to be fitted with reflectors, screens and 
globes and thus became wanting in ele- 
gance. Besides, these things were not very 
effective. The Berlin street lamp reflectors 
did not send down more than 6.5 per cent. 
of the light directed upwards from the 
lamp. Holophane globes have hardly 
caught on with the public, being rather 
difficult to clean and giving a mistaken im- 
pression that they reduce the illuminating 
value. With naked flames, attempts were 
made—Wenham, Siemens—to construct in- 
verted burners, which marked a great ad- 
vance but were not wholly successful, be- 
cause the illumination in a horizontal di- 
rection was too feeble and it was only im- 
mediately underneath that the lighting was 
good. 

Of late years incandescent gas lighting 
engineers have also taken to inverted burn- 
ers in order to secure a better distribution 
of the light. Many forms have been intro- 
duced, but none have made much headway 
in Germany. Details are difficult to obtain 
and good authorities are still convinced 
that there is nothing in the idea. Serious 
tests have, however, been going on in the 
Jaboratory of the Berlin town works for a 
good while past. 

In photometric work we mostly concern 
ourselves, usually, with the candle-power 
as measured in a horizontal direction, but 
with inverted burners we have to study this 
in different directions and this needs spe- 
cial apparatus. In the Berlin laboratory 
the apparatus used is that of a Schmidt and 
Haensch, in which the light is received at 
various angles under the lamp by a mirror 
borne by a jointed parallelogram arrange- 
ment and is always thrown by that mirror 
into a horizontal path for purposes of 
measurement. 

The first attempts at making inverted 
burners were affected by sundry mistakes. 
In particular, the arrangements designed 
were too complicated; they had large 
ungainly chimneys sometimes; it was im- 
agined that the whole of the combustion 
gases would go through the mantle, which 
they will not do—they find their way out 
through the space between the inverted 
mantle and the burner tube. This space 
must, therefore, be made ample so as to 
allow a sufficient outlet for the products of 
combustion. 

It was soon found that it was better to 
close the mantle entirely below and to 
connect its upper margin, by means of 
asbestos fibers, with a ring of metal, or of 
magnesia, or of other material. These 
rings had catches of different forms to 
enable the mantles to be suspended in the 
burner head. But then there was a great 


tendency to striking back. Bernt thought 
this was due to the heating of the burner 
tube by the products of combustion and 
that it could be prevented by making this 
tube of non-conducting material. But it 
was soon found that it was more to the 
purpose properly to proportion the burner 
tube and the diameters of its apertures; 
for heating the gas mixture and even the 
primary air was of positive advantage, in- 
creasing the lighting power. 

Even then, however, even though strik- 
ing back was overcome, inverted incandes- 
cent gas lamps were not yet fitted to gain 
many friends. The hot gases ascending 
from them damaged the gas-fittings, and 
got into the air supply of the lamp itself, 
thereby occasioning imperfect combustion 
and a bad smell. 

The next step was to put metal screens 
at some distance above the mantle, in order 
to lead the products of combustion well 
away to the circumference, or, in later 
oun to one side of the lamp in particu- 
an 

Beneath the mantle, to surround and pro- 
tect it, is a globe like that of an electric 
incandescent lamp, with holes to admit the 
secondary air supply. Also hemispherical 
globes are used, closed beneath, which give 
the lamp the appearance of an electric in- 
candescent carbon or Nernst lamp; and, 
in this case, there is usually a chimney, 
open at each end, surrounding the mantle. 
In this case the secondary air enters at 
the rim of the hemispherical bell, descends 
to the bottom of the chimney and ascends 
in this. This pattern usually requires an 
ungainly tall chimney to make sufficient 
draught; but still it has been found pos- 
sible to design this pattern artistically. 

Inverted gas mantles require careful reg- 
ulation of the gas consumption and good 
regulators are best for this. Adjustment 
of the primary air supply is also required 
to suit the kind of gas used. The more 
uniform the pressure of gas, the better. 
The same may, however, be said of all in- 
candescent gas lamps. 

The earliest inverted lamps used a short 
mantle. The consequence was good light- 
ing below, darkness towards the sides and, 
generally, an unpleasing effect, as well as 
a smaller efficiency than that obtained with 
the longer mantles now in use, which give 
good lateral illumination. The author used 
to be of opinion that inverted gas incan- 
descent lighting was good for nothing ex- 
cept direct downward lighting; but the 
newer lamps, in his own house, have con- 
verted him. The older lamps drove him 
away through their smell and the uneven- 
ness of their lighting effect. 

In Fig. 1 the curves marked G show, in 
Hefner units, the candle-power from ‘90 
deg. above the horizontal to 90 deg. 
below it, produced by an old “inverted 
incandescent burner without special means 
of taking the products of combustion away 
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to one side; P, the same with an inverted 
lamp in which the products were carried 
off by a suspended screen towards the 
whole circumference; W, another with a 
chimney and a hemispherical globe. M 
shows the result with another ‘burner with 
preheating of the primary air and with 
means for leading the products of com- 
bustion away to one side. A is the corre- 
sponding curve of an ordinary Welsbach 
burner and B that of the same with a re- 
flector. These curves show remarkable dif- 
ferences in different directions. For better 
comparison of these differences the candle- 
power in a horizontal direction is, in this 
figure; in every case set out as equal to 
too. It will be seen how large a propor- 
tion of the light from a Welsbach (curve 
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FIG. I. 


A) is thrown upwards (54.2 per cent. of 
the whole). With W 63.1 and with M 
65.5 per cent. of the light goes downwards 
and the lateral lighting is quite satisfac- 
tory, while quite enough light goes up- 
wards to ensure a pleasant illumination of 
a room. If reflectors are used, they can 
be used more advantageously than with 
ordinary Welsbachs, for they can be fftted 
on nearer to the mantle. Fig. 2 shows the 
actual Hefner candle-powers per 3.54 cu. 
ft.\.with) the: same lamps; and “it is/seen 
that, with the exception of G, the inverted 
gas incandescent lamps have the advantage 
over the ordinary Welsbachs all over the 
field. For each Hefner candle of mean 
lower hemispherical intensity, with the best 
inverted incandescent burners (W_ and 
M) the consumptions of gas are 3.85 and 
3.81 liter, while with the Welsbach, with- 
out reflector, it is 7.1. Inverted gas in- 
candescent burners thus mark a decided 
step in advance in illumination by gas. 


FIG. 2. 


Turning now to a comparison between 
these new lamps and electric lighting, we 
get (setting all the horizontal candle-pow- 
ers equal to 100 as before, for the sake of 
being better able to compare the distribu- 
tion of light) the results shown in Fig. 
3. In that figure, A-is the curve of the 
ordinary Welsbach lamp, O is that of the 
osmium lamp, N that of the Nernst lamp, 
EA that of the electric arc, El that of the 
electric incandescent carbon filament lamp, 
EFA that of the electric flame arc (which 
sends out no light horizontally, the whole 
light being directed downwards) and M 
that of an inverted incandescent gas burn- 
er. Of these EI, O and N (with vertical 
magnesia rod) send about as much light 
upwards as downwards; and even the elec- 





tric, flame’ arc, “EFA, though: at esends walk 
of its light downwards, gives very poor 
lateral illumination and strongly illumi- 
nates only a very limited region below the 
lamp. It is, therefore, unsuitable for 
rooms or streets in general, however well 
it may lend itself to special purposes. The 
electric arc, EKA, is best at about 30. dea 
below the horizontal, but is pretty poor im- 
mediately beneath. In all these cases the 
distribution of light by the inverted gas 
incandescent lamp is materially better. 
Fig. 4 shows the results obtained in 
street lighting. The lamps were 68.9 ft. 
apart and the burners at a height of 12a 
ft. The curves, Wand’ M, refer to the 
same lamps as in Figs 1 and 2 and) A 
and B, as in those figures to ordinary 
Welsbach lamps without and with reflec- 
tors. The curves on the left hand side of 
Fig. 4 correspond to- reduction of the 
horizontal candle-power to 100 in all cases, 
as in Fig. 1; those on the right hand side 
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to the actual candle-powers. The inverted 
gas incandescent lamps are superior in all 
respects; and they are now being prac- 
tically tested in Berlin street lighting. They 
do not do well in the old lanterns, how- 
ever, because with these they cast sharp, 
black and disconcerting shadows down- 
wards, produced by the metal parts of the 
lantern. The old Welsbachs, with reflec- 
tors, softened these shadows down, so that 
they did not cause any inconvenience. This 
difficulty has, however, been quite got over 
by a new pattern of lantern. 

Prejudices against inverted gas incan- 
descent lamps ought now to disappear, for 
they have, even already, shown themselves 
capable of rendering great assistance in the 
struggle with other forms of lighting. 

In the course of the discussion which 
followed, Professor Drehschmidt said that 
there was no trouble whatever arising from 
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FIG. 4. 


production of soot in the newer forms of 
these inverted lamps. Gas fitters readily 
learned how to get the best effects from 
them. Herr Meyer, of Sonderhausen, ex- 
pressed a hope that the new research sta- 
tion of the association would soon be in a 
position to issue authoritative data con- 
cerning the different patterns on the mar- 
ket. Dr. Bunte said that would come in 
due time, but the foundation stone was 
not yet laid; and they ought to be all the 
more thankful to Professor Drehschmidt, 
from whom he (Dr. Bunte) had learned 
much. Herr Schomburg, of Gelsenkirchen, 
sczid he had been much troubled by crude 
forms of inverted incandescent lamps, but 
at last he had hit upon the right one, with 
which his consumers had expressed them- 
selves as being extraordinarily pleased, 
much preferring them to electric lamps. 





THE TEMPERATURE OF FLAMES* 
By C. McPuerson. 


In order to attain the maximum temper- 
ature, it was evident that rapid and com- 


* From a paper read before the Midland Junior 
Gas Association. Abstracted in the Gas World of 
March roth. 


.ical combination. 
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plete combustion must be effected. To do 
this we must have the highest possible 
pressure of the molecules engaged in chem- 
There were various ways 
in which this could be done. We could add 
more oxygen, or more hydrogen; we could 
use higher pressure of gas, or higher pres- 
sure of air, or vary the mixture so as to 
concentrate the flame area. Scientific au- 
thorities were still undecided as to which 
they would adopt to produce a flame of 
maximum temperature at minimum cost. 
They were all trying to produce an ex- 
plosive gaseous mixture that would burn in 
such a way as to heat a large surface of a 
mantle consisting of the refractory oxides 
of certain rare metals to a high tempera- 
ture of incandescence. 

Now, take a few examples of the effect 
of modifying conditions: Add oxygen to 
the flame of the bunsen burner and we 
completed the combustion more rapidly. 
We also got a flame of much smaller vol- 
ume when burning the same amount of 
gas. This proved that the flame had not 
got to wander so far through the atmos- 
phere to find the necessary oxygen to com- 
plete combustion; and from the smaller 
external surface here occupied, we must 
have a relatively higher temperature. Add 
hydrogen instead of oxygen. This must 
be done at a considerably higher pressure 
to prevent it from striking back, and we 
got a flame of actively burning gas. The 
burning of carburetter water gas gave a 
small flame volume for the same reason. 
This was what made the reading of a jet 
photometer much more unreliable when 
varying percentages of carburetted water 
gas were mixed with coal gas. Higher 
pressure of gas or air would give much 
the same result. The previous heating or 
compressing of the gas or air involved 
similar principles, and the results were 
much the same—all giving a concentrated 
flame of higher temperature, owing to the 
more rapid chemical combination brought 
about in these various ways. This was ex- 
actly what had been done in the Kern and 
other burners used in connection with the 
incandescent mantle. It would be observed 
that the gas passed into an inverted cone, 
which lessened the skin friction of the pri- 
mary“air, thus enabling a larger volume of 
air to be admitted through the air holes 
and to get rapidly mixed with the com- 
bustible gas, while, at the same time, the 
angle at which the slots were cut in the 
burner head gave a spinning action to the 
mixture issuing from the burner tips. The 
inner and outer cones of this burner were 
split up into a series of blue flames, which 
rested flat on the burner head. Above this 
zone the flame was fairly homogeneous. 
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AMERICAN ITEMS 


Tue Errect or Acip Frostinc AND EN- 
CLOSING GLosBes Upon THE Lire oF IN- 
CANDESCENT ExLectric Lamps.—J. R. Cra- 
vath and V. R. Lansingh. Electrical 
World, March 17th. 


The article gives results of tests carried 
on under the direction of the authors by 
the Electrical) Testing Laboratories, This 
is the first authoritative test upon this very 
important subject that has ever been made, 
SO dar as’ we are. awate, and the results 
obtained are interesting and of the high- 
est importance, not only to the illuminat- 
ing engineer, but to every one using in- 
candescent electric lamps. 

The tests aimed at an answer to the fol- 
lowing three important questions: 

First: What is the absorption of light 
due to acid frosting of incandescent elec- 
tric lamp bulbs? 

Second: How does such frosting affect 
the useful life of the lamp? 

Third: How is the useful life of a lamp 
affected by being placed within a diffusing 
globe? 

The first of these questions has been 
answered from time to time with widely 
varying figures. In the tests referred to 
the loss of life due to the frosting is found 
to be 9 per cent. It is lower than the fig- 
ures. usually sciven/sin) such :cases., (lt. is 
usually stated that acid frosting causes an 
absorption of 1I5 to 25 per cent., some 
even giving it as high as 33 I/3 per cent. 
Of course the degree of absorption by 
frosting will vary considerably with the 
method used and the degree of diffusion 
obtained. This test would seem to show 
that the general estimates have been too 
high. 

The diffusing globes used were the pris- 
matic globes known as Holophane. The 
absorption of light by these globes was 
about 161% per cent. The lamps used were 
16 candle-power lamps running at 3.1 watts 
per candle at their rated voltage. The 
tests show that, considering the useful life 
of a lamp as exhausted when it has fallen 
to 80 per cent. of its initial candle-power, 
acid frosting shortens its life by practical- 
ly 52 per cent. This figure is certainly 
astonishing, and it is safe to say has never 
been duly considered by engineers or the 
public in general. With Holophane globes 
it was found that the life was reduced by 
only about 5% per cent. and that no 
sensible decrease of life was produced 
by covering the open end of the globe as 
tightly as possible with an asbestos disk. 

As the authors state, “It is to be regret- 
ted that the test did not include ground 
glass as well as diffusing globes; but judg- 
ing from the test given in previous articles 
in these columns on the absorption by 
ground glass globes, it is probable that a 


test on these would show very nearly the 
same results as here obtained.” Their 
conclusion in regard to ground glass 
globes, however, does not seem entirely 
justified. If it is the heating effect due to 
the conversion of the light rays into the 
heat rays that is the cause of the shorten- 
ing of the hfe of the lamp, Holophane 
globes would have considerably less effect 
than globes of either frosted or etched 
glass, for the reason that the globe having 
its surface formed into more or less deep 
corrugations, offers a far greater radiat- 
ing surface for the heat and should there- 
fore remain measurably cooler than frosted 
or etched glass. -This point is one that is 
worth following up, as is also the effect 
on the life of a lamp when frosted by 
sand-blasting instead of acid etching. It 
is a well-known fact that frosting in this 
manner produces considerably less absorp- 
tion than acid etching, and while it does 
not produce quite as much diffusion as 
thorough etching, it generally would fulfil 
the same purpose. 

Lamp manufacturers have for some time 
made an additional charge of about 15 
per cent. for frosted bulbs, and this trifling 
addition to the cost has, curiously enough, 
been one of the chief factors in restricting 
the use of frosted lamps. The facts of 
this test show that the lamp companies 
have acted directly contrary to their best 
interests in making this additional charge. 
As frosted lamps last only half as long, 
they could well afford to furnish them at 
the same price for the sake of the in- 
creased number required. 





ELectric Stace LicHTInc at THE NEw 
STADT THEATER IN NurNBuRG. — By 
Frank C. Perkins. Electrical Review, 
March toth. 


An illustrated article showing the gen- 
eral arrangement of the electric stage light- 
ing equipment of the New Stadt Theater, 
Nurnburg, Germany. The method consists 
of incandescent lamps in trough-shaped re- 
flectors and seems to involve no novelties. 





Tue Licutinc or MisceLLANEous Rooms 
IN ResmpENcES.—J. R. Cravath and V. 
R. Lansingh. Electrical World, March 
eae 
This article is written to supplement two 

previous articles on Residence Lighting by 

the same authors, which appeared in pre- 
vious issues. The chief features of the 
article are the illustrations, which show 
different methods of illumination in differ- 
ent rooms, and the methods used are criti- 
cised in a general way and suggestions 
made for improvements. 

In referring to one illustration the writ- 
ers say: “The piano is in an excellent po- 
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sition with respect to the wall bracket, as 
light from the wall bracket is thrown on 
the music from the left of the player.” 
This statement brings out one of the an- 
omalous features of residence lighting as 
generally laid out by architects, the light- 
sources being distributed about the room 
with reference to “symmetry” or some 
other fancy, and regardless of the position 
of the furniture. It therefore becomes nec- 
essary to adapt the furniture to the light 
instead of providing the proper illumina- 
tion for the furnishings, such as tables, 
pianos, dressers, etc., which require the 
especial use of light. The article contains 
many useful suggestions, and points out a 
number of common errors. 





Hicn Erriciency SMALL Carson Lamps 
ay Cuicaco.—Electrical World, March 
Bird . 

A brief article giving the results ob- 
tained by the Chicago Edison Company 
with 5/16 inch carbons used in 3% ampere 
enclosed arc lamps. It is stated that with 
these carbons a consumption of 2.2 watts 
per candle is obtained, as against 3.4 with 
YZ inch carbons, an increase of 50 per cent. 
in light. The company is obtaining a life 
of about 100 hours from these carbons. 
The smaller carbons do not blacken the 
inner globes in a given number of hours 
as much as do the larger carbons. With 
the large carbons it was necessary to clean 
the inner globes every 70 hours, or once 
between each trimming; but with the 
smaller carbons this cleaning between 
trimmings is unnecessary. It is also stated 
that the light is steadier and has a less 
excess of blue and violet rays. 





INTERIOR ILLUMINATION. — Edwin James 
Houston. Electrical Age, March. The 
tenth number in a series of articles on 
Artificial Illumination, and the continu- 
ation of an article on the same subject 
in a previous issue. Illustrated with nine 
half-tones. 

The article deals with the illumination 
of office buildings, banks,libraries and read- 
ing rooms, counting rooms, school rooms 
and churches, treating the various subjects 
in a general way, pointing out the faults 
of old methods and suggesting methods 
which are considered improvements. ‘Ine 
illustrations of interior lighting are all 
cases in which the Nernst lamp is used. 
The discussion of the various problems is 
so general in character as be somewhat 
vague, lacking the specific analysis which 
is essential to the treatment of the sub- 
ject of illumination from an engineering 
standpoint. 





_ Nore: The following article, and letter 
in reply, are reprinted more especially for 
the purpose of giving readers the beginning 
of a discussion which will be continued in 
our next issue. 


ILLUMINATION OF THE SUBWAY 
STATIONS 


By E. LeavENWorTH ELLIOTT. 
(Electrical Review, August 26, 1905.) 


Probably no recent public work has at- 
tracted more general attention than the 
iwwew York subway, and it would seem that 
every possible phase of this remarkable en- 
terprise that could have any interest for 
the general public must have received its 
due amount of publicity; but, after a year’s 
operation, it is found that there are still 
some minor defects in construction and op- 
eration that furnish topics for discussion. 
The subjects of ventilation and lighting are 
still burning questions. In considering any 
complaints on the part of the public, how- 
ever, it must be borne in mind that the 
New York citizen has waited many years 
for the materialization of his dreams of 
rapid transit,;and with his general knowl- 
edge of electrical and scientific progress is 
bound to be satished with nothing short of 
practical perfection. On the other hand, 
there is no gainsaying the fact that, both 
as to the illumination of the cars and sta- 
tions, there is ground for just criticism. 
To be sure, the illumination in both cases 
is vastly superior to what would have been 
considered satisfactory a few years ago; 
but the people at the present time are so 
fully educated up to the possibilities of 
electric lighting, that it is useless to ex- 
pect them to be satisfied with anything 
short of the best obtainable, especially in 
view of the known fact that the operation 
of the subway is highly profitable; and 
that the illumination of the cars and sta- 
tions is not the best obtainable is as readily 
admitted by those to whose care the opera- 
tion of the subway has been entrusted as 
to its patrons; and it is only fair to state 
that those responsible for its operation are 
earnestly desirous of making any and all 
improvements in this line that are prac- 
ticable. Criticism of the illumination of the 
stations is more justifiable than of the 1l- 
lumination of the cars, for the reason that 
the problem is a very much simpler one. 
The current used in lighting the stations 
is supplied by an independent set of gen- 
erators, so that there is no fluctuation pro- 
duced by the operation of the power used 
in the motors, and the lights and accesso- 
ries are not subject to the vibration and 
jar of those in the cars; in other words, it 
is a simple problem of lighting a number 
of rooms from a current generated in a 
central station. The unsatisfactory results 
obtained are the more remarkable from the 
fact that the illumination of the stations 
was a matter upon which a considerable 
amount of engineering consideration was 
given before the installation was made, 
There are practically but two sources of 
light to be considered in the problem, viz., 
the incandescent electric lamp, and the 
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Nernst lamp. Of these two, the incandes- 
cent lamp was very properly selected; it is 
quite possible, with the best modern types 
of incandescent lamps and accessories, to 
obtain at least equally good illumination 
for a given expenditure of current, while 
retaining the advantage of its far greater 
simplicity and reliability. 

One peculiarity of the problem was the 
very low ceilings in the majority of the 
stations, which rendered it necessary to 
keep overhead fixtures, accessories, etc., 





FIG. 


I.—EXTERIOR SURFACE OF REFLECTOR. 


from projecting below the general line of 
the ceiling, if possible. In these cases the 
expedient was resorted to of sinking a 
cove or basin into the ceiling, in which 
the lamp was placed, and depending upon 
a reflector placed in this cove to utilize the 
light radiated in the upper hemisphere. The 
original intention was to use white enam- 
eled iron for these reflectors, but white 
coated prismatic glass reflectors were final- 
ly chosen instead. In the stations where 
the ceilings are higher, single-light brack- 
ets are attached to the supporting columns, 
the brackets being fitted with a device in- 
tended to supplant the Meridian lamp. The 
device consists of a prismatic glass re- 
flector, fitted with a blown glass cup, frost- 
ed on the inside, covering the lamp. The 
idea of this combination was to make pos- 
sible the use of the ordinary commercial 
thirty-two-candle-power lamp in place of 
the more expensive five-inch Meridian 
lamp. 

The use of prismatic glass reflectors in 
the two different methods 
brought out some of the queer vagaries 
that seem to be inseparable from the the- 
ory and practice of artificial lighting. These 
are set forth at length in an article on the 
lighting of the subway which appeared in 
a recent number of a technical journal. In 


this article we are seriously informed of 


described has. 


the astounding fact, that the efficiency of 
a prism reflector may be increased some 
twenty per cent. by painting or enameling 
it white on the prism surface. By this ex- 
pedient, we are informed, it is possible to 
obtain the reflecting power of both prism 
glass and white surfaces. 

The attempt to increase the efficiency 
of a prism glass reflector by painting it 
would pass as an ordinary blunder, due to 
lack of knowledge of the laws of optics by 
which prism glass acts, had it been made 
by the ordinary electrician or mechanic; 
put the most remarkable feature of the 
present case is, that this proposition, which 
has been put into actual practice, comes 
from an engineer whose work in the past 
has justly earned for him an international 
reputation. That such a “bull,” therefore, 
should have been made by such an engi- 
neer, can be ascribed only to one of those 
peculiar lapses of judgment which the best 
of scientists sometimes fall into. 

Since prismatic reflectors are now in very 
general use, it may be worth while to ex- 
plain briefly the theory upon which the re- 
flective power of prisms depends. The pris- 
matic reflector makes use of a phenomenon 
in optics known as “total reflection.” It is 
called “total” reflection because it is the 
only case in which reflection takes place 
without absorption. Reflection of this kind 
occurs only at the surface of a rare me- 
dium, commonly air, in contact with a sub- 
stance of greater density, such as glass or 
water. In order to utilize this principle in 
a reflector, the glass on the exterior surface 
is formed into right-angle prisms, as shown 
in cross-section in Fig. 1. The light from 
the source placed within, striking the inner 
surface of the glass’ in a practically .per- 
pendicular direction, passes through with- 
out refraction to the outer surface. At this 
point, meeting the surface of the air, it is 
reflected backward into the glass, its direc- 
tion following the general law of reflection, 
as shown in Fig. 2, in which AB represents 
a ray of light from the source and m 4, 
the surface of the glass. The ray is then 
reflected at B, to the point C on the sur- 
face m o. At this. point it is again reflected 
in the direction CD, in a direction parallel 
with its original course. Now, the fact 
that the ray is reflected at B and C is due 
entirely to the difference in density, or, 
more strictly speaking, the difference in the 
index of refraction of the glass and the air. 
Let the surface of glass be covered with 
any transparent medium of approximately 
the same density, or index of refraction, 
and no reflection will take place; as can be 
readily demonstrated by immersing a prism 
reflector in water. This fact is taken ad- 
vantage of in the construction of compound 
lenses, in which, in order to avoid the re- 
flection of light at the surfaces of the two 
lenses, a layer of fir balsam is placed be- 
tween the glass, which, making optical con- 
tact with the two surfaces, cements them 
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together, so that the light passes through 
as in a single piece of glass. If, therefore, 
any liquid is brought in contact with the 
surfaces of the prisms, the reflection of the 
light, in accordance with this principle, is 
at once entirely prevented. By applying 
any substance in the form of powder, mixed 
with liquid, reflection on the principle ex- 
plained ceases, and whatever reflection 
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FIG. 2.—GENERAL LAW OF REFLECTION. 


takes place results from the diffused re- 
flection from the substance mixed with the 
liquid. 

That there is no special dispensation 
whereby the laws of optics are suspended 
in the case of the prismatic reflector, 1s 
demonstrated by the simple experiment of 
painting such a reflector on either side, 
and determining the curve of intensity of 
the light reflected. The results of such an 
experiment are given in Fig. 3, in which 
curve No. 1 shows the distribution of a 
prismatic reflector enameled white on the 
outside, and curve No. 2 the same reflector 
coated with white paint on the inside. If a 
reflector is to be painted or enameled at 
all, it is clear from these results that the 
paint should be put on the inside; as in this 
case the absorption of the light in passing 
in and out of the glass is avoided. 

A white enameled prismatic reflector has 
the same sort of reflecting surface as opal 
glass, 1. e., white particles imbedded in a 
solid transparent medium; and, as would 
be expected, give practically the same dis- 
tribution, as shown by the curves in Fig. 4, 
in which curve No. 1 shows the distribution 
of the enameled, and No. 2, of the opal 
glass reflector, of similar size and shape. 

In setting forth the alleged advantages 
of the painting of reflectors, the writer of 
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the article mentioned states that they give 
a broader distribution, 7. e., a greater in- 
tensity at wider angles from the vertical, 
than the unpainted reflector. This is a 
half truth, and such truths are sometimes 
more misleading than absolute untruths. 
The half of the truth is in the fact that a 
reflector which tends to concentrate the 
light into a more or less nearly parallel 
beam will naturally send out more of the 
light sidewise when painted white, as it 
then becomes a diffuse reflector, and all 
diffuse reflectors ‘give approximately the 
same distribution. Where the statement 
ceases to be true is in the statement that 
“if it is impossible to secure a wide-angled 
distribution by means of prismatic reflec- 
tors alone.” <A prismatic reflector acts in 
the same manner as if its surface were a 
speculum or mirror; consequently the dis- 
tribution of the reflected light can be varied 
at will by properly shaping the general con- 
tour of the reflecting surface. Thus, if the 
surface be of parabolic shape, with the 
light source more or less nearly at the 
focus, the reflected light will be strongly 
concentrated into the vertical direction; 
that is, will become a more or less nearly 
parallel beam, as in the case of a search- 
light. By changing the contour, however, 
it is possible to produce the maximum in- 
tensity at any desired angle between the 
horizontal and the vertical. In brief: with 
a diffuse reflecting surface only a very lim- 
ited variation in the distribution can be ob- 
tained, while with specular reflecting sur- 
faces practically any desired distribution is 
possible. 

To return now to the discussion of the 








WITH PAINTED 
PRISMATIC REFLECTORS. 


FIG. 3.—LIGHT DISTRIBUTION 


original problem: that the subway stations 
are insufficiently illuminated is an undeni- 
able fact. In entering a station from the 
bright daylight of the street the contrast 
is so great as to give one the idea of enter- 
ing a dimly lighted cellar; and by night 
there is a general appearance of gloom, 
especially in contrast with the comparative- 
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ly brilliantly lighted cars. This defective 
illumination is due to two causes: first, 
insufficient total quantity of light provided; 
and second, inefficient means of utilizing 





FIG. 4.—LIGHT DISTRIBUTION WITH ENAM- 
ELED AND OPAL REFLECTORS. 


the light that is produced. The former de- 
fect is readily corrected by substituting 
lamps of higher candle-power than those 
now in use; but as this would entail ad- 
ditional expense, the remedy of seeking a 
more efficient utilization of the light now 
produced should be first considered. Three 
methods are now made use of for distribut- 
ing and diffusing the light: first, plain glass 
globes and sand-blasted on the inside; sec- 
ond, a small prismatic reflector with ground 
class cup placed within so as to cover the 
end of the lamp; third, a white enameled 
prismatic reflector with a similar grounu 
glass cup covering the lamp. To diffuse 
the light of an incandescent electric lamp 
is generally a material benefit to the re- 
sulting illumination, but in the present case 
there is less demand for such diffusion than 
in almost any other case of interior light- 


ing, for the reason that, with the exception 
of the employees, the stations are only oc- 
cupied for a few minutes at any one time 
by the same person; and it is furthermore 
not necessary to provide illumination for 
reading or other careful eye work. We 
may remark while on this subject that in 
the cars, while reading is the general prac- 
tice, and where the occupants may remain 
for three-fourths of an hour, the lamps 
are left bare without any attempt whatever 
at diffusion. As between cars and sta- 
tions, therefore, the requirements in this 
regard have been exactly reversed. 

The practical guide for the illumination 
in the stations is the intensity of light on 
the platforms. Light on the ceilings is of 
little consequence. In determining the rela- 
tive efficiencies of different methods of illu- 
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FIG. 5.—DISTRIBUTION CURVES. 


mination, therefore, the light on a horizon- 
tal plane represented by the platforms may 
be taken as the test. The light-sources are 
placed at the distance of practically fifteen 
feet apart, and nine feet above the floor. 
A ray of light emitted from one source and 



















































































FIG. 6.—ROUSSEAU CURVES. 
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falling directly below the adjacent source 
makes an angle of practically sixty degrees 
with the vertical; and it is only the light 
falling within this angle that is of practical 
use in illumination. In Fig. 5 are given 
the curves of distribution of three devices 
now in use and of two others which are 
suggested as improvements. Curve A is 
the small prismatic reflector with ground 
cup; B the plain ground glass globe; C a 
white enameled prismatic reflector with tne 
ground glass cup; D pagoda prismatic re- 
flector, and E pagoda reflector with fifty- 
candle-power lamp. In all of these except 
FE, a_ thirty-two-candle-power lamp was 
used, as employed in the subway. In Fig. 
6 are given the Rousseau curves showing 
the comparative total quantities of light 
given out in the lower hemisphere. As 
before stated the light emitted within an 
angle of sixty degrees is the important 
thing to be considered, and it is worthy of 
remark here, in view of the superiority 
claimed for the white enameled prismatic 
reflector, namely, its wider angle of dis- 
tribution, that the plain prismatic reflector 
of the same diameter, shown in curve D, 
gives sixty-six per cent. more light within 
an angle of sixty degrees from the vertical 
than the enameled prismatic reflector. 
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FIG. 7.—ILLUMINATION OF PLATFORMS. 


Fig. 7 shows the curves representing the 
illumination on the horizontal plane of the 
platforms in a line between the bases of the 
vertical rays from two adjacent lamps. 
These curves bring out several interesting 
points. Beginning at the lower point B, 
which is that of the ground glass globe, 
the device most generally used, the illu- 
mination is nowhere up to 3/r1o foot-candle 
intensity, and the illumination from the 
small prismatic reflector and ground glass 
cup exceeds 6/10 foot-candle only within 


a very small space directly underneath, 
and falls to 3/10 between the lamps. With 
a pagoda reflector, curve B, the maximum 
intensity is over 1.3 foot-candles, and the 
minimum intensity slightly less than 7/Io. 
With a fifty-candle-power lamp and pris- 
matic reflector shown by curve E, a mini- 
mum of over 9/10 and a maximum of over 
1.2 would be obtained. With a pagoda re- 
flector and clear lamp more than twice the 
illumination on the platforms would be ob- 
tained as is given by the present methods, 
and the improvements thus made would 
give a fairly satisfactory illumination. 
Thus, as was pointed out before in the 
case of car lighting, the faults of the pres- 
ent system could be largely if not entirely 
overcome by the selection and use of the 
proper accessories without increasing or 
changing the present light-sources. 





THE ILLUMINATION OF THE 
SUBWAY STATIONS 


To THE EDITOR OF THE ELECTRICAL REVIEW: 


In your issue of August 26 an article by 
Mr. E. Leavenworth Elliott, entitled ““The 
Illumination of the Subway Stations,” criti- 
cises the method adopted. The writer is in 
no wise responsible for the arrangement of 
the lighting of the subway, except in the 
design of the diffusing reflectors referred 
to in this article. The value of this reflec- 
tor is seriously questioned by Mr. Elliott, 
but since this matter is dealt with fully on 
another page of this issue, it need not be 
taken up here. The engineers in charge of 
the lighting of the subway gave the fullest 
consideration to all available sources of 
light, with such adjuncts as appeared to be 
suitable. From these, after exhaustive tests, 
which included the Pagoda reflectors, selec- 
tion was made to fulfil, in the best manner 
possible, the service of the public. 

In this examination the following points 
were considered: first, satisfactory illumi- 
nation; second, avoidance of injurious con- 
ditions to the eyes; third, reasonable econ- 
omy. 

In the article referred to above, the fol- 
lowing statement is made: “ . but 
in the present case there is less demand for 
such diffusion than in almost any other case 
of interior lighting, for the reason that with 
the exception of the employees the stations 
are only occupied for a few minutes by the 
same persons; and it is furthermore unnec- 
essary to provide illumination for reading 
or other careful work.” 

With this as a premise, the present means 
of lighting is depreciated, and various 
changes are suggested which would result 
in uncomfortable intrinsic brightness. Yet 
it would seem that, granting this premise, 
the manner of lighting the subway is en- 
tirely justified, even when based on Mr. 
Elliott’s curves. The curves presented in 
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these figures consider in much detail the 
illumination of the floor of the stations, but 
in order to secure this desired illumination, 
the eyes of the passengers would necessa- 
rily suffer from the intrinsic brightness of 
the source suggested, when viewed from the 
average height of the eyes. This .is as- 
suined to be five feet three inches from 
the floor. It is obviously desirable to secure 
sufficient light, but it is not clear why more 
than a sufficing light should be provided. 
All that is required. at the plane of the floor 
is for the passengers to see their way clear- 
ly. They should, however, be enabled to 
read newspapers comfortably, and therefore 
it was determined to provide sufficing illu- 
mination at the plane at which the average 
reader is likely to hold a newspaper. This 
was taken to be four feet six inches from 
the floor, and all arrangements were based 
upon this. 

An examination of the Rousseau curves 
of the reflectors now in the subway, and the 
one propesed by Mr. Elliott (all given in 
Fig. 6 of this article), indicates the follow- 
ing (see Fig. 1, page 697): the curve for 
the ground-glass balls shows a well-distrib- 
uted light, sufficing for general illumination, 
but not for reading except directly under 
each ball. The curve for the bell-shaped 
reflectors shows sufficient light for comfort 
for general illumination, this being the pur- 
pose for which they were intended. ‘This 
gives excellent distribution, making a good 
general illumination, which is all they are 
called upon to do. 


The curve for the prismed-glass diffusing 
reflectors shows a remarkably uniform dis- 
tribution, securing directly beneath the light 
at the plane for reading more than two can- 
dle-feet. It gives a little less than one 
candle-foot four feet away, even if not re- 
enforced by other lamps, yet here they 
receive not less than one-third candle-foot 
re-enforcement from the three adjacent 
lamps. At eleven feet away from the lamp 
toward the center of each group of four 
lamps, at the plane adopted for reading, the 
four lamps give each 0.105 candle-foot, mak- 
ing here available about one-half candle- 
foot. This may be considered the minimum 
lighting in the subway where the diffusing 
reflectors are used. 


It is true that the so-called Pagoda reflec- 
tor with a_ thirty-two-candle-power lamp 
gives up to forty-eight degrees higher inten- 
sity than the arrangement with the diffusing 
reflector; but beyond this it becomes rapidly 
less, while the curve for the diffusing re- 
flector shows a well- sustained, equable illu- 
mination, sufficing, but not uncomfortably 
brilliant. It is probably correct that the 
Pagoda reflector gives sixty-six per cent. 
more light in the sixty- degree zone, but, as 
a matter of fact, it falls below the subway 
reflector at forty- eight degrees, and thence 
rapidly to about six candle-power at ninety 
degrees. To have too much light at one 


point, and not enough at another, is not 
good lighting. The curve for the prismed- 
glass diffusing reflector shows, on the other 
hand, a maintained, although moderate, 
curve throughout from zero to ninety de- 
grees. Such distribution is of value where 
general illumination is sought for, rather 
than the lighting of spots. 


Illuminating engineers will insist that 
uniform lighting is preferable to a method. 
of extremes. Further, exposed sources of 
high intensity are more injurious to the 
eyes than insufficient lighting. 


A lamp of small candle-power, but of 
clear glass, will give the impression of 
higher candle-power than a lamp giving. 
more light, but covered with a ground-glass. 
bulb. When, however, an attempt is made 
to read thereby, it will be quickly discovered 
that the less intrinsically brilliant source 
with the ground-glass bulb or cover will 
enable one to read comfortably at the longer 
distance. 

To maintain illumination throughout, up 
to a given desirable minimum with the clear 
prismatic-glass reflectors, requires a larger 
number of lamps to be used. This involves. 
limited areas that will be uncomfortable 
and injurious to the eyes, owing to the too 
great intrinsic brilliancy which is given by 
this type of reflector. Further, should any 
lamp be accidentally extinguished, there will 
be greater inconvenience from alternate 
over-brilliant and dark areas. This effect 
is minimized where diffusing reflectors and 
globes are used, as all the adjacent lamps. 
will contribute to lighting the space other- 
wise unlighted. 


The Pagoda reflector gives a mean value 
of 40.3 candle-power for the seventy-five- 
degree zone, while the subway diffusing re- 
flector gives only 36.2 candle-power. But 
the engineers of the subway, in their deter- 
mination to protect the eyes of the public, 
have deliberately sacrificed ten per cent. of 
the available light by covering the lamps 
with ground-glass balls. Without the 
ground-glass covers the illumination secured 
from the diffusing reflectors would have 
been at least equal to that of the Pagoda 
reflector, with, in addition, a superior dis- 
tribution. 

Ordinarily, frosted incandescent lamps. 
would be used to avoid the intrinsic bright-- 
ness of lamps with clear glass bulbs. The 
original cost of frosted lamps is twenty 
per cent. greater than of clear glass. They 
give, at first,a reduced light of ten percent. 
and further rapidly deteriorate because of 
the accretion of dust, etc., on the frosting 
on the outside of the bulbs. Their lives are 
very considerably less than lamps with clear 
bulbs. Therefore, both as a matter of econ- 
omy and efficiency, clear glass lamps were 
adopted, covered by removable bulbs or 
domes frosted on the inside. 

Mr. Allard, a French authority, estimates 
brilliant sunlight at the earth’s surface to 
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be equivalent to 5,350 candle-feet. Neces- 
sarily, in passing from such an illumination 
on the street to the subway, an impression 
den contract; but if it were attempted to 
secure the equivalent of only four candle- 
feet (which is the minimum estimated room 
daylight illumination), it would be neces- 
sary to have lights of high intensity and 
great intrinsic brilliancy, with suitable ap- 
pliances for diffusing and softening the 
light. This is entirely possible, but would 
not be economical; nor does it appear called 


for. Further, if, as proposed, the illumina-. 


tion of the floor of the stations is accepted 
as the standard, to secure the minimum 
equivalent of room daylight it would be nec- 
essary to install lights of 324 candle-power 
in the ceilings at nine feet height. Such an 
arrangement would give an illumination of 
twenty-three candle-feet at the height of 
the average eyes. Anything less than this 
might still give an impression of relative 
darkness to those coming from the street, 
and even this would not suffice to remove 
such impressions on a sunny day. The com- 
plaint that the subway gives the impression 
that it is darker than the streets is not re- 
movable within economic limits, nor is there 
any valid reason for attempting it. In fact, 
it would be a bold illuminating engineer 
who would advocate this, or even the seven 
candle-feet at five feet three inches height 
from the floor, which would result if the 
suggestion presented in Mr. Elliott’s criti- 
-cism were adopted. 

The illumination in the subway stations 
must not be considered final, for considera- 
tion is constantly being given to this mat- 
ter. When a method is found which reason- 
ably satisfies the conditions of comfort, effi- 
ciency and economy better than does the 
present system, action will probably be 
taken by the authorities. It is not dogmat- 
ically contended that the illumination in the 
subway stations is sufficient. If more light 
is really required, it appears that some addi- 
tional lamps should be installed, of moder- 
ate power, rather than to replace the present 
system by lamps, reflectors, etc., giving the 
‘objectionable intrinsic brightness as pro- 
posed by Mr.. Elliott. It is suggested that 
one additional lamp and reflector placed in 
the midst of each group of four would ac- 
complish all that is required. 

E. L. ZALINsKI, 
Major U. S. Army (Retired). 


THE DIFFUSING REFLECTOR 
Bye. i, SZ ALIN SKI. 
(Electrical Review, November 4, 1905.) 


In an article on the lighting of the New 
York subway, contributed to the issue of 
the Electrical Review for August 26, Mr. 
E. Leavenworth Elliott criticises the use of 


a prismed reflector, stating that the theory 
of the device is incorrect, and giving meas- 
urements, etc., to substantiate his point. 
This reflector was described in an article 
contributed to the Electrical Age of May 
25, and the data given there for the gain 
secured by adding a diffusing coating to a 
prismed-glass reflector are vouched for by 
the report of measurements made by the 
Electrical Testing Laboratories, of New 
York City. Since, however, this device 
has been brought into question, it seems 
desirable that further data concerning its 
performance should be made public. The 
information given below is based on meas- 
urements made chiefly at the Electrical 
Testing Laboratories. 

In Mr. Elliott’s article, surprise is ex- 
pressed that such a “bull” should be made 
as to attempt to increase the efficiency of 
a prismed-glass reflector by painting it or 
enameling it white on the prismed side. 
This is quasi-acknowledgment that the re- 
sults sought for might be accomplished by 
having the coating on the inside of the re- 
flector; but I shall first endeavor to prove 
that good results are obtainable by placing 
the coating on the prismed side, and will 
then show that they may also be obtained 
by coatings on the inside, but without any 
great advantage. 

In order to prove that an increase in 
the efficiency of twenty per cent.—which 
is characterized as a “blunder’—is obtain- 
able, I shall cite a series of measurements 
where the gains are as high as twenty- 
seven per cent., and where a paint coating 
gives a gain of 20.4 per cent. . In the case 
of the subway lighting, which was under 
consideration, the claim is made for a zone 
of seventy-five degrees, and this should be 
as allowable as the claims covering only a 
sixty-degree zone for the Pagoda reflec- 
tors. In one series of measurements which 
follows, the dimensions and shapes of the 
reflectors used are the same. The results 
show that the claims are based on exact 
measurements, and not on “half truths” or 
guesses. 

Mr. Elliott discusses in his article the 
well-known principles governing prismatic 
reflectors, but these principles hold only in 
the single case where the source of light is 
a point, which is not the case when the 
source is an incandescent lamp. More- 
Over, various points militating against the 
securing of an ideal efficiency are ignored. 
Among these are the fact that the reflected 
ray cannot equal the incident ray in any 
case, since each reflection must cause some 
loss of light. Further, the reflecting sur- 
faces of the prism are not perfect, and the 
light passes through the glass twice, and 
must lose by absorption. For these rea- 
sons the result is less than 100 per cent. 
effective total reflection. Considerable 
light which is not lost by absorption passes 
through the prisms unreflected. 


(To be continued.) 
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Miscellaneous News 


BUFFALO, N. Y.—Mayor Adam has 
filed with the Gas and Electricity Commis- 
sion a complaint against the Buffalo Natu- 
ral Gas and Fuel Company, which supplies 
natural gas to private consumers in Buffaio 
and to the city. The complaint alleges that 
the company controls a monopoly of the 
natural gas situation in Buffalo, and com- 
plains of the purity, pressure, and illumu- 
rating power of the gas, and of the exces- 
sive and exorbitant prices charged. Private 
consumers pay 30 cents net per thousand 
and the city 27 cents. 

An aldermanic committee has been ap- 
pointed to confer with the General Elec- 
tric Company to endeavor to obtain a gen- 
eral reduction in the prices of light. and 
power. 

A mass meeting of citizens has been held 
under the auspices of the Referendum 
League for the purpose of furthering the 
project of establishing a municipal lignt- 
ing plant. The meeting was addressed by 
Mr. Carroll, who has had charge of ‘the 
city municipal electric lighting plant of 
Chicago, and by Mr. Frank C. Perkins, who 
spoke on municipally owned public service 
plants in Europe. 


BRIDGEPORT, CONN.—Extensive ad- 
ditions are being made by the Bryant Elec- 
tric Company, and also by Harvey Hubbell, 
Inc., both manufacturers of electric lamp 
scckets and specialties. The United Elec- 
tric Company is also largely increasing its 
power house. There is a lively competition 
on among a number of light companies for 
furnishing and lighting 500 incandescent 
gas lamps in the streets. 


CHICAGO, ILL=The Peoples / Gas 
Light and Coke Company have purchased a 
300-acre tract in the southwest part of the 
city, on which they will erect one of the 
largest gas plants in the world. Five mil- 
lion dollars will be expended at the begin- 
ning, which will be largely increased by 
additions and improvements. The initial 
capacity will be 20,000,000 cubic feet per 
day. 


CHICO, CAL.—The city authorities are 
seeking to reduce the bills of the Pacific 
Gas and Electric Company, alleging a lack 
of service. 


DENVER, COLO.—The Denver Munici- 
pal Ownership League is waging a campaign 
for the municipal ownership of the gas and 
electric lighting plants of the city. This 
complaint is being vigorously opposed by 
Mr. H. L. Doherty, who controls the present 
company. The present price of gas is $1.35, 
and demand is being made for reduction to 


g cents, and 20 per cent. reduction on elec- 
tric lighting. The League proposes that 
the city shall acquire the plants now in 
operation. They have some 15,000 names 
on their petition to the city authorities. 


DETROIT, MICH.—The management ot 
the Detroit City Gas Company has come to 
an agreement with the Councilmanic Com- 
mittee on Franchises, by which the price of 
gas is reduced to 80 cents, with a minimuin 
of 25 cents per month for meter rent. 


FALL RIVER, MASS.—Mr. W. M. 
Crowell will shortly establish an acetylene 
gas plant in Pottersville for the accommo- 
dation of the numerous .dwelling houses 
that have recently been built in that vicinity, 
especially on Washington avenue. Nearly 
all of the new houses are being piped for 
gas in anticipation of this much-desired 
convenience. 


HAMILTON, ONT.—The Hamilton 


Light and Equipment Company has been © 


organized with a capital of $40,000. This 
company proposes manufacturing a new 
electric lamp, said to be very much supe- 
rior to any ever before invented, and will 
have its factory and head offices here. 


LOUISVILLE, KY.—The General Coun- 
cil has passed an ordinance granting a fran- 
chise for a new lighting company, which 
will compete with the present Louisviile 
Lighting Company. It is claimed that tne 
present company is charging the city un- 
necessarily righ rates for electric street 
lighting. 


LEAVENWORTH, KAN.—The Leaven- 
worth Light and Heating Company has re- 
duced the price of both natural gas and 
electricity, the reduction in the latter being 
equivalent to about 25 per cent. from its 
former rates. This reduction carries out a 
is given of insufficient lighting by the sud- 
promise made by the company two years 
ago that cheaper rates would be made as 
soon as conditions would warrant it. 


LOS ANGELES, CAL.—The Examiner 
gives the following pertinent information: 
“Gas Man’s Report Puzzles Council. In- 
spector Presents String of Figures but no 
Information.” In the report thus com- 
plained of the Gas Meter Inspector gives the 
results of a number of tests, showing the 
candle-power and heat units of the gas sup- 
plied by the Los Angeles Gas Company, the 
figures showing that the gas is a trifle over 
18 candle-power, and an average of about 
620 heat units. The article concludes with 
the statement that these figures “mean lit- 
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tle or nothing to the councilmen.” This is 
one of the many cases in which politicians 
and public officials investigate matters 
about which they know nothing, and then 
complain of the results. 


NEW YORK CITY, N. Y.—Deputy 
Water Commissioner Cozier is seeking an 
appropriation of $75,000 to begin the work 
of modernizing the gas street lighting of the 
Borough of Brooklyn. Mr. Cozier plans to 
replace the 6,000 open flame lamps with 
mantle lamps, such as are now used in Man- 
hattan and the Bronx. It is planned for the 
city to erect its own lamps, by which it will 
eftect a saving, he claims, of $175,000 a 
year. He says: “The new system will be 
operated and managed by the city officials. 
It will mark the introduction of the biggest 
improvements towards municipal owner- 
ship.” . 


PHILADELPHIA, PA.—The Philadel- 
phia Electric Company has made a reduction 
in the price of current for domestic lighting, 
amounting to discounts of 10, 20 and 33 I-3 
per cent. The purpose of this reduction 
as stated by the company, is to encourage a 
greater consumption of current. When bids 
were opened for the electric lighting of the 
city streets in 1907 the Philadelphia Elec- 
tric Company was found to be the only 
bidder. It asked the same prices as were 
being paid for electric lighting of the city 
for the current year. 

A competing company, to be known as 
the Commonwealth Electric Company, is 
seeking a franchise from the city with fair 
prospects of coming to an agreement with 
the Mayor and Councils. There 1s also 
some talk of a municipal plant. 


PITTSBURG, PA —A resolution has 
been adopted by the City Council seeking to 
secure lower rates for the electric lighting 
of the streets, and an attemnt is being 
made to repeal the franchise of the Du- 
quesne Light Company, a would-be com- 
petitor of the Allegheny County Light 
Company. 


POTSDAM, N. Y.—A_ year ago the 
Board of Trustees of the village submitted 
a proposition to the voters for the erection 
of a municipal electric lighting plant, which 
was carried by an overwhelming vote. Since 
then a State law has been passed that no 
municipality shall build, maintain, and oper- 
ate any works or system for the manufac- 
turing and supplying of gas or electricity for 
lighting purpose without a certificate of 
authority granted by the Commission. As 
the plant authorized by the trustees was not 
completed before the passage of this act, 
the Potsdam Electric Company is now con- 
testing the legality of this action and seek- 
ing to restrain the trustees from completing 
the plant. 


ROCHESTER, N. Y.—The Democrat 
and Chronicle says: No one in Rochester 
ever heard before the Cutler administra- 
tion of a “gas test” made officially to ascer- 
tain if the municipality and citizens were 
being supplied with the quality of illumi- 
nant for which they were paying. It was 
some time ago, however, that City Engineer 
Fisher was authorized to procure apparatus 
for making such tests, which he did at an 
expense of about $600, and tests are now 
regularly made, and the results thereof re- 
ported to Mayor Cutler. 


SYRACUSE? N.. Y.—TDhe’ State Gas and 
Electricity Commission is investigating the 
Syracuse Lighting Company. ‘The investi- 
gation is being conducted on a very elab- 
orate scale, with counsel and experts on 
both sides, and the report will be a volumi- 
nous one. The city complains that the hght- 
ing company has an absolute monopoly on 
both gas and electric lighting, and that un- 
reasonable rates are being charged. It is 
understood that Mayor Fobes demanded 
the following rates of the company: gas to 
consumers, 90 cents; incandescent electric 
lamps to private consumers, 6 cents per 
kw.; incandescent electric lamps to city, 
5 cents per kw.; electric arc lights, $70 
per year. The rates now charged by the 
Syracuse Lighting Company are: gas, 
$1.00; incandescent lamps to private con- 
sumers, IO cents per kw.; incandescent 
lamps to city, 8 cents per kw.; arc lamps, 


$85.77 per year. 


SALEM, MASS.—A new plan for gener- 
ating electricity is being worked up in 
Salem. Certain men have become interested 
in anew process of making electricity, which 
is claimed to be chceaper than any present 
process in common use. They have deen 
talking with business men about erectiug 
small power plants in various sections of 
the city, and of supplying power to ‘he 
shops. stores and houses in the vicinity. It 
ts claimed that these new generators may 
be used wherever a large amount of steara 
or heat is generated for power for a fac- 
tory or heat for a store. 


SAN DIEGO, CAL.—A special street 
lighting fund has been provided by private 
subscribers. As a result, arc lights were 
installed on a certain street, and after a 
two weeks’ test the result is pronounced 
unsatisfactory by most of the subscribers. 
They now propose to put in incandescent 
lights in place of the arcs. 


STERLING, ILL.—The McKinley Syn- 
dicate is planning to extend their business 
in Bureau County, and will make gas for 
a number of towns and sell it for 75 cents 
per thousand feet, and 1s seeking franchises 
on this basis. 
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ST. LOUIS, MO.—The St. Louis Real 
Estate Exchange has a committee on Light- 
ing, the purpose of which is to secure bet- 
ter illumination of the principal business 
streets of the city. The most novel feature 
of this movement is the proposal to erect 
ornamental posts supporting five incandes- 
cent lamps with diffusing globes, instead of 
the usual arc light. On the general subject 
the committee offers the following argu- 
ment, as reported in the Republic, which 
may well receive the careful attention of city 
authorities and boards of trade generally: 

“The cost of establishing this electrolier 
system of lighting in the business districts 
will be about six times as much as the 
present inadequate system, but it will give 
twenty times the amount of light. 

“The volume of business done, because 
of the better lighting of the city, will be 
much greater, and will in itself pay for the 
additional expense. Aside from this it will 
increase the value of property. Then, too, 
it will save the city much in lessening acci- 
dents. 

“If the streets are well lighted there will 
be less opportunity for crime in our city, 
the hold-up men will have to go out of 
business, and the citizens and visitors of St. 
Louis can go abroad in the night with the 
same feeling of safety that they have in 
daylight. It will make St. Louis a more 
active city. 

“The time is propitious for making this 
splendid improvement, and it will be worth 
hundreds of thousands of dollars to our 
city if it will take the lead in providing this 
beautiful system of lighting in advance of 
other cities. 

“While the cost of lighting the proposed 
districts will be nearly $150,000 greater an- 
nually than the present miserable system, in 
the matter of police protection alone, a 
saving will be made of not less than $100,- 
ooo per annum.” 


TROY, N. Y.—A bill has been presented 
in the State legislature authorizing the city 
of Troy to establish a system of electric 
lighting and power for streets and public 
buildings and for residential and commercial 
purposes. Five million dollars is to be the 
limit of cost. 


UTICA, .N. Y.—The Utica Gas and Elec- 
tric Company has applied to the Gas and 
Electricity Commission for authority to 
increase its capital stock from $2,000,000 to 
$3,500,000. The Commission has promised 
a public hearing on the Utica application 
and it will doubtless be held soon after the 
Syracuse inquiry is concluded, if not during 


one of the recesses of the Syracuse session. © 
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On the subject of ornamental lamp posts, 
Sylvester Baxter has the following to say 
in an article on “Art in the Street,” in the 
March Century: 

“Street furnishings like lamps posts, in 
their numerous repetitions, perform an im- 
portant decorative function. We know 
that in decorative design the repetition of 
ornament is an esthetic principle, produc- 
ing its impression by the reiteration of a 
pleasing figure. But long-continued uni- 
formity produces monotony; fatigue fol- 
lows visual restfulness. Therefore, even 
when manufacturers produce good designs, 





























DESIGN FOR LAMP POST PROPOSED BY THE ST, 
LOUIS REAL ESTATE EXCHANGE. 


it is undesirable that these should be alike 
everywhere, in town after town, for the 
eye would tire of seeing the same thing in 
all places. Hence each municipality would 
do better to obtain something distinctive. 
Indeed, the same thing should not be re- 
peated all over one city; the standard pat- 
tern ought to vary with different districts, 
and perhaps with different streets. Locally 
sindividual significance might well be im- 
parted to these things by embodying in the 
ornament of such furnishings some de- 
vice, like a municipal seal, or arms, that in 
design would symbolize a distinguishing 
character of the place, as in site, trade or 
staple industry.” 
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Practical Problems in Iluminating Engineering 


By ArtTHUR A. ERNST. 


We will now consider the second 
floor of the building. The plan shows 
a number of rooms of various sizes 
and shapes, which are to be used as 
private offices. The elevator hall, 
toilet rooms, and vestibule are the 
same as in the first floor plan and need 
not be further discussed. 

As shown, a corridor through the 
center of the building furnishes en- 
trances to the several rooms. As a 
whole the problem affords a typical 
example of general office lighting, the 
conditions being the same as those of 
the regulation office building with the 
single exception that the uses of the 
different offices are fixed, instead of 
being subject to the various demands 
of different lines of business and dif- 
ferent ideas of changing tenants. 

The illumination in each room may 
be considered under two heads, name- 
ly; special, and general ; special light- 
ing being required for the desks, 
tables, book-cases, etc., and general 
illumination for the room regardless 
of the location of the furniture. This 
division of the problem is in accord- 
ance with the statement made in our 
previous discussion, that the only sat- 
isfactory method of lighting an office 


is to give each individual special il- 
lumination by which to work, and a 
general illumination for the room as 
a whole. 

The special illumination will neces- 
sarily be afforded by means of lamps 
with shade reflectors attached to the 
desks, tables, or other objects where 
the special illumination is required; 
and as before stated, the only provi- 
sions to be made for this are plug 
receptacles placed in some sightly and 
convenient manner about the rooms. 
The electrical engineer in this case 
has suggested a method of accom- 
plishing this in a manner that fulfills 
both conditions admirably. . The 
method is as follows: A wooden 
molding is run around the room about 
three feet from the floor at the right 
height to serve as a chair rail; at 
requisite points in this rail flush re- 
ceptacles are placed for making the 
necessary connections with flexible 
cord. This arrangement has the ad- 
vantage over receptacles placed in the 
base-board of being easier to get at, 
less cord being required, and the cord 
being more out of the way. 

As these offices are to be private, or 
semi-private and will therefore be 
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SECOND FLOOR PLAN, 


visited more or less by outside people, 
it will be desirable to provide some- 
what greater general illumination 
than that in the rooms which are for 
the use of accountants only. 

We will first consider the corridor: 
The ceiling of this is divided into three 
panels by beams, as shown, and the 
simplest principles of symmetry would 
suggest the placing of lamps sym- 
metrically in these panels. As the 
floor is fairly light in color, a half- 
foot candle illumination will be a suf- 
ficient minimum intensity. The ceil- 
ings on this floor are 12 feet high. 
By placing a 3-D (75 C.P.) unit in 
each of the two end panels and 2 feet 
from the ceiling, we obtain an illumi- 
nation of .6 foot-candle under- 
neath. In the central panel 2-D (50 
C.P.) units at the same height may be 
used. It is desirable to keep the ends 
of the hallway slightly lighter than the 
center, as in looking the length of it 
the whole of it will appear light if 
the distance is light; while if the 
lightest portion is in the center, the 
ends will appear dark by comparison, 


and give a general impression of 
gloominess. It is also worth remarking 
here that in all passageways the floor 
is the surface to be considered. In 
walking, the eye involuntarily follows 
the path to be taken, very much as the 
head-light of a locomotive follows the 
track. If the path is well lighted there 
is a feeling, even though it may be an 
unconscious one, of safety and com- 
fort; while a dark floor, no matter 
how light the side walls or ceiling may 
be, produces the contrary effect; that 
is, of hesitancy and caution. 

In deciding the height at which the 
units should be placed the question of 
optical comfort is not less important 
than the question of efficiency and dis- 
tribution. With the electric light, 
which unlike gas, may be placed in 
actual contact ‘with the ceiling if de- 
sired, there is often a tendency to 
place the lamps as high as possible, 
depending upon some form of reflect- 
or to throw the light down; the argu- 
ment being that it is better for the 
eyes to keep the light-sources as far 
above the line of vision as possible so 
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THIRD FLOOR PLAN. 


as to prevent the eye from seeing the 
lights when looking in the ordinary di- 
rection. While the argument is high- 
ly plausable, both experience and a 
study of the normal conditions under 
which the eye works show that it is 
not well founded. The eye is not 
fitted by nature for viewing objects at 
an elevation, and ordinarily the field 
of vision takes in a very small angle 
above the horizontal; while in ali 
close eye work the field is invariably 
below the horizontal. The eye is pro- 
vided with a natural shade formed by 
the projection of the forehead and the 
lashes, which prevent rays from the 
higher angles from entering the eye. 
Furthermore, the eye in doing work is 
accustomed to light having only a 
small angle above the horizontal, 
coming in through windows which 
are commonly curtained from the top. 
A strong light from a high elevation 
therefore falls upon a portion of the 
retina unaccustomed to receive it, and 
consequently produces fatigue. While 
bright illumination from above is per- 
fectly admissable in situations where 


people are moving about, or where 
they only stay for a comparatively 
short time, it is to be avoided in rooms 
for continuous use. 

Efficiency and optical comfort there- 
fore agree in dropping the lamp from 
the ceiling rather than placing it close 
against it. A drop of 4 feet will leave 
the lamp practically 2 feet above the 
line of vision, which is a fair average. 


THIRD FLoor. 


Ceiling height, 12 feet, same as 
second floor. Elevator hall and toilet 
rooms the same. Office No. I, single 
unit in the center. Office No. 2, 
three units. Office No. 3, four units. 
Corridor, same as on the second floor. 
Office No. 4, three units. Office No. 
5 1s noted on the plan as a work room. 
Four units might be used, but this 
would leave the minimum illumination 
at the center of the room; in this case 
it will be best to place a unit at this 
point, since a somewhat higher illumi- 
nation is desired, and the center of 
the room should be a maximum rather 
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FIFTH FLOOR PLAN, 


than a minimum. This differs from 
office No. 3, in which there is a 
column in the center of the room and 
consequently that point may be treated 
similarly to the space immediately 
around the side walls; that is, may re- 
ceive a minimum of illumination. 
Office No. 6 might be treated in two 
different ways; either by four small 
units symmetrically placed, or two 
larger ones; the former would be the 
better arrangement if the room were 
to be used as a work room, but since 
for office purposes the desks will re- 
ceive their speciai lighting, two units 
will be sufficient. 


FourtTH FLoor. 


The general arrangement and con- 
ditions here are similar to those of 
the second and third floors, and the 
arrangement as shown on the diagram 
will meet the conditions in a similar 
manner. 

FirruH FLoor. 


The ceiling height of this floor is 


fourteen feet, and the entire room is 
to be used as the auditing room. The 
corridor is a head-high partition, so 
that the floor is practically a single 
room. Desks, files, etc., will be ar- 
ranged as may be best suited to the 
needs of the business from time to 
time, no permanent arrangement being 
possible. The same general condi- 
tions therefore prevail as on the first 
floor. The distribution of units as 
shown will produce the required gen- 
eral illumination, while plug recep- 
tacles in the floor at convenient points 
will afford the necessary means of 
connection for the desk lights. The 
lamps will preferably be dropped four 
feet from the ceiling. 


S1xtTH FLoor. 


This floor is of special interest, not 
alone as a lighting problem, but as 
showing the completeness of the 
building and the evident desire of the 
company to look after the general 
comfort and welfare of its employes. 

The elevator hall and corridor will 
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EIGHTH AND NINTH FLOOR PLANS, 


receive the same treatment as the other 
floors. The plan does not disclose the 
location of the most important feature 
of a ladies’ toilet room, namely, a 
mirror, which is really a serious over- 
sight; but such being the case the il- 
luminating engineer is absolved from 
the responsibility of providing the 
proper light for it. In the triangular 
room to be used as a hospital a single 
unit in the center and a side bracket 
over the wash bow! will give sufficient 
illumination. Two rooms for which 
no specific purpose is marked may be 
given a general illumination in the 
manner shown. In the retiring room 
a moderate general illumination should 
be provided. In the dining room the 
disposition of the tables should de- 
termine the location of the lights, but 
these were not given on the architect’s 
plans; lacking this, a general illumi- 
nation may be provided by two units 
placed as shown. As the arrangement 
of tables will undoubtedly be perma- 
nent, it would be better had their lo- 
cation been known so that lights could 
have been placed uniformly over them. 


Thus, supposing that three tables were 
placed across the room as shown by 
the dotted line; then each table could 
have been properly illuminated with 
two units over it and dropped to with- 
in four feet. of the table. In the 
kitchen a unit placed in front of the 
door will give a general illumination 
in both parts of the room and light 
the passageway from the dining room 
to the kitchen. A bracket over the 
sink should then be provided, and 
drop light in the position shown, which 
will give a good illumination on the 
cooking range. 


SEVENTH FLoor. 


This is to be the toll operator room. 
The arrangement of the switch-boards 
is indicated by the dotted lines. A 
very mild general illumination is re- 
quired here, and if possible, all light- 
sources should be kept out of the 
range of vision of the operator, as the 
switch-boards will of course be pro- 
vided with special illumination. 
These conditions may be readily met 
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in this case by placing the light units 
on brackets attached to the posts as 
shown. By placing these sufficiently 
low, in this case seven feet from the 
floor, they will be hidden from the 
switch-board by the operators on one 
side of the room, and on the other 
side the operators sit with the lights 
to their backs, so that in no case 
will an operator see the lights when 
at work. The desks and special oper- 
ating tables required may then be 
placed beside the posts and receive 
the greater intensity of illumination 
which they require. This makes a 
very simple and an ideal arrangement 
of lighting for the special purposes to 
which this room is to be put. 


EIGHTH FLoor. 


As indicated on the plan, this is to 
be used as the terminal room, with a 
small room partitioned off as the 
battery room. The conditions requir- 
ed here are special. The terminals of 
a telephone system are arranged in 
successive horizontal rows something 
like the book shelves in a library, and 
are arranged on two sides of a divid- 
ing partition. The conditions of il- 
lumination are therefore somewhat 
similar to those in a library. A gen- 
eral illumination is required to see the 
numbers on the terminals, but for 


making the connections special illumi- 
nation must be provided in the shape 
of a hand lamp attached to a flexible 
cord. A side light from units placed 
fairly low will meet the general con- © 
ditions as nearly as possible. The ter- 
minals will be arranged in this case in 
two sections, as shown by the dotted 
lines. Side brackets placed between 
the windows on the side walls and on 
the columns will meet the require- 
ments as specified. Plug receptacles 
for the hand lamps will be provided 
at suitable intervals on the racks sup- 
porting the terminals; the brackets 
should hold the lamps at such an 
angle as to throw the maximum light 
into the rows of terminals. In the 
battery room two units may be used 
as shown. 


NINTH FLoor. 


This will be used for general pur- 
poses and for an extension of the 
terminals if required. The arrange- 
ment of lights on side brackets will 
therefore meet the requirements. 


TENTH FLoor. 


As this floor is to be used for stor- 
age and similar purposes, a moderate 
amount of, light will be sufficient. 


SUMMARY OF SPECIFICATIONS. 


Number of floor .... I 2 
Number of units..... PIs 26 
Total spherical c. p... 
Total watts ...... wits 
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BROADWAY AT MADISON SQUARE.—THE BEGINNING OF THE GREAT WHITE WAY. 


The Great White Way 


By VALENTINE Cook, JR. 


The portion of Broadway lying be- 
tween 23rd and 46th streets is the best 
known and most frequented stretch of 
thoroughfare on the Western Conti- 
nent. As might be expected from this 
fact; there. is. probably .a (greater 
amount of artificial light used, and a 
greater variety of methods of produc- 
ing and displaying it, within these 
twenty-three blocks than in any equal 
length of street in the world. 

There are portions of the down- 
town financial district that have a 
greater number of people pass through 
them during business hours; but every 
hour of the day is a business hour in 
the Great White Way. One familiar 
with its various phases may judge 
what hour it is of the twenty-four by 
the appearance of the street, but the 
judgment is based on the character of 
the passers-by rather than upon their 
number. 


Within the distance mentioned there 
is located one of the largest depart- 
ment stores in the world, and another 
which is a good second, and more than 
a score of smaller shops dealing in 
every variety of merchandise imagin- 
able. There are also the printing es- 
tablishments of two of the leading 
dailies, one of which is international 
in its scope. Seventeen hotels offer 
their hospitality to the stranger with- 
in their gates ; seventeen theaters cater 
to his amusement; and half a dozen 
high-class restaurants and cafés, and 
numberless eating places of high and 
low degree, are ready to see that he 
does not famish. 

Starting at 23rd street, we face 
Madison Square, with its Garden at 
the opposite corner, in the tower of 
which Cooper Hewitt did his first 
work on the mercury vapor lamp. It 
is at 23rd street that Fifth avenue 
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crosses Broadway at a rather sharp 
angle; and on the triangle formed by 
the intersection of 22nd street, the 
Flatiron Building, probably the best- 
known building in America, is situ- 
ated. Diagonally across 23rd street 
stands the Fifth Avenue Hotel, and in 
the next block above, the Hoffman 
House, both landmarks and intimately 
associated with the history of the two 
great political parties. The illumina- 
tion on Broadway and Fifth avenue 
at this point is. by means of enclosed 
arc lamps, two being supported on or- 
namental posts placed along the curb. 

At 25th street, which is the upper 
boundary of Madison Square, the ad- 
ditional illumination afforded by the 
various signs and other devices used 
by the shops fairly begin. In the angle 
between Fifth avenue and Broadway, 
opposite the Flatiron Building, there 
is still one of the older and lower 
buildings, which furnishes a splendid 
opportunity for the use of an illu- 
minating sign. As shown in the illus- 
tration, the sign used here at the pres- 
ent time is simply a bill-board extend- 
ing the entire width of the building 
and illuminated by a row of incandes- 
cent lamps in a trough reflector placed 
forward of the board. This is one of 
the largest signs of the kind in the 
city, and the location is one of the most 
valuable. 

Walking one up Broadway from 
25th street, we pass the old Delmon- 
ico’s Fifth Avenue Restaurant now 
Martin’s, at 26th street, and the Hotel 
Victoria a block further on. At the 
next block on the right a changing 
sign advises us that we can have our 
photographs taken by night as well 
as by day, and two flaming arc lamps 
hung in front are evidently intended 
to emphasize the statement. 

In the old days before Dr. Park- 
hurst “got busy,” they used to have 
a “Red Light District,’ which sub- 
sequent reform administrations have 
succeeded in practically eliminating. 
~The section we are now describing is 
frequently known as the “White Light 
District”; but if flaming arcs continue 
to increase, it will have to be re-named 


them Yellows light District: Inthe 
effort to literally outshine all competi- 
tors the intensity and number of 
lights had been multiplied, until it 
seemed that nothing further remained 
to be done to add to the general bril- 
liancy; but when the flaming arc put 
in an appearance all other lights and 
devices shrunk into comparative ob- 
scurity. 

At 27th street we have the general 
effect shown in the illustration, with 
the exception that the sidewalks are 
through with the usual crowd, and the 





LOOKING UP BROADWAY FROM 27TH STREET. 


trolley cars passing in endless proces- 
sion. In taking the photographs, 
which required several minutes, mov- 
ing objects obliterated themselves, 
leaving the delivery wagon as appar- 
ently the sole occupant of the street. 

The Gilsey House, at the corner of 
29th street, is an interesting relic of 
what was, not so many years ago, one 
of the grand hostelries of the city. It 
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was here that President Cleveland and 
his bride stopped on their wedding 
journey. The towering Breslin on the 
opposite corner is a fair example of 
the:  sreater magnificence, of ..the 
Greater New York. 

At 30th street we may pause to take 
a view of the part of the street al- 


an attractive sign both by day and by 
night. The letters in the other signs 
that show shaded are formed of red 
lamps. The large spats of lght in 


front of Weber’s Music Hall, and the 
others showing the same brilliancy in 
the illustration, are flaming arcs; and 
even though their yellow rays are not 





LOOKING DOWN BROADWAY FROM 30TH STREET. 


ready traversed. The Hofbrau Res- 
taurant sign is a good example of an 
electric sign formed with letters 
made of opalescent glass pressed into 
relief, and lighted by incandescent 
lamps placed within. While it does 
not have the sparkle of a sign formed 
by bare lamps, like the monogram sign 
above, for example, it is nevertheless 


as powerful photographically as the 
light of the ordinary arc, their enor- 
mously greater brilliancy is still ap- 
parent in the result. 

Again continuing our journey we 
reach the point where Sixth avenue 
crosses Broadway at an oblique angle, 
forming two triangular spaces, which, 
for some peculiar reason, are known 
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in New York as “Squares.” The one 
on the’ north side of 34th street con- 
tains the New York Herald Building, 
which may be recognized by the two 
illuminated dials, one showing the 
time, and the other the direction of the 
wind. At the corner of 34th street 
and Broadway is a small five story 
building, surrounded on the sides and 
overshadowed by the great Macy 
store. This building is capped with 
one of the most conspicuous signs in 
the city. The word “Hippodrome” 
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globe made of stained. glass..hung on 
the outside, containing tw flaming 
arc lamps. The globe contatfis’ a con- 
siderable amount of glass of bluish 
color, which absorbs so much of the 
light that even the two lamps together 
produce only a moderate illumination. 
The office within furnishes an exam- 
ple of the illumination produced by 
the Moore vacuum light. The Casino 
Theater is gorgeous with signs and 
flaming arcs, being the first theater in 
the city to use this new lamp as an ad- 
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BROADWAY AT-.40TH STREET. 


and the pointing hand are in red let- 
ters, and the balance using clear lamps. 
The size of the sign can be judged 
by comparing it with the building 
underneath. 

The small sign two blocks further, 
which shows only a streak of light, is 
the Marlborough Hotel sign; and al- 
though nearer than the signs that show 
on the opposite side of the street, it is 
practically illegible at this distance, 
showing evidently the effect of the use 
of too high candle-power lamps. 

At 38th street we have the uptown 
office of the New York World on our 
left and the Casino Theater on the 
right. The World office has a large 


vertising attraction in itself, although 
the flaming arcs were used in the New 
York World device four years ago. 

At 4Ist street we get a nearer 
view of the tower-like building of the 
New York Times, sometimes called 
the “Andiron Building.” The array 
of signs before us here is simply be- 
wildering. Perhaps the most impres- 
sive of these is the one reminding us 
that it is time for a high ball, and in- 
cidentally giving us the exact time of 
the night. 

Crossing 42nd street we reach an- 
other of -the triangle “Squares,” 
known as Long Acre Square, or by 
its new title of Times Square. With 
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BROADWAY AT 42ND STREET. 


the continuous movement of business 
uptown, this section is now the center 
of the theater district, and has be- 
sides some of the newest and finest 
of the city’s hotels. 

In variety, size and ingenuity of 
electric signs the Great White Way is 
unsurpassed. Every trick and device 
that ingenuity can suggest and money 
produce seems to have found a place 
within these comparatively few blocks. 
In some of the larger signs striking 
color effects are produced; as for ex- 
ample in the Levy sign depicting a 
female figure, and in the Anheuser- 
Busch sign. Movements of various 
kinds are also one of the devices for 
attracting attention, the most con- 
spicuous one being the Wilson High 
Ball sign, which changes every min- 
ute, thus giving the exact time. At the 
corner of 36th street, the windows on 
the second floor are utilized for ad- 
vertising purposes, the front window 
having a screen on which stereopticon 
views are thrown, while the side 
window is sometimes occupied with 


changing pictures, and at other times 
with an actual “living picture” electri- 
cally illuminated. Perhaps the most 
novel and interesting of all the moving 
signs is the tall man with wide expanse 
of shirt front, which serves as a sign 
board, the letters placed upon it being 
illuminated from behind with electric 
light, the current for which is supplied 
from a ‘battery ‘carried in a suit case 
by a small colored boy at his side. 
The perambulation of this pair during 
the busy hours of the evening may be 
considered the limit of moving signs. 

Looking backward from 45th street, 
we have the Hotel Astor at our right, 
and the sharp angle of the Times 
Building immediately in front. 

The Great White Way may be said 
to end at 46th street, on the corner of 
which is located a large café. Al- 
though there are some large and 
prominent electric signs above here, 
the character of the street changes, 
being occupied largely by the automo- 
bile trade. 

We have passed in this short walk 
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BROADWAY AT 45TH STREET. 


probably every modern light and light- 
ing device known—the enclosed arc, 
the incandescent electric lamp in every 
conceivable form of globe and shade, 
the flaming arc, Welsbach and incan- 
descent gas burners of all descriptions, 
Nernst lamps, and the Moore vacuum 
tube lamp. 


Having pointed the way and de- 
scribed its attractions briefly, we will 
now leave those who have followed 
us in our stroll to make a more de- 
tailed study of the illuminating prab- 
lems shown—or perchance to take the 
timely advice of the sign at 42nd 
Street: 
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The Illumination of the Federal Building, 


Indianapolis, Ind. 
By J. E. WoopwELu 


The United States Court House and 
Postoffice in Indianapolis, Indiana, de- 
signed by Messrs. Rankin & Kellogg, 
architects, and recently completed, is 
one of the’ most perfect applications of 
pure classical architecture to the re- 
quirements of a modern public office 
building in the country. Ancient ar- 
chitecture, unfortunately, affords few 
precedents which the illuminating en- 
gineer can safely follow, and the equip- 
ment of such a building with a mod- 
ern system of wiring and. fixtures is 
fraught with the dangers of architec- 
tural discord and violation of zsthetic 
principles. The study of the fixture 
equipment and detailed methods of 
illumination of the Indianapolis build- 
ing was begun, as is too frequently the 
case, at a time when the wiring sys- 
tem was under contract and the posi- 


tion of the outlets fixed. What has 
been accomplished, therefore, has been 
subject to the limitation of securing 
a satisfactory illuminating result with 
conditions already established by the 
architects and with the fewest possible 
actual changes in the wiring system. 
The general plan pursued in the 
selection and design of the fixture 
equipment was first of all to determine 
the generai type of fixture required for 
each outlet with especial reference to 
the following points: location and use 
of fixture (public or working space, 
etc.) ; height and position of lamps; 
nature of design, whether simple or 
ornate ; and character of switch control 
required. Each fixture outlet was thus 
scheduled and the equipment divided 
into two classes. The first class in- 
cluded all practical lighting fixtures 
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of simple form used in offices and 
work rooms, and for these complete 
designs and working drawings were 
prepared by the Government. The 
second class included all ornate and 
elaborate fixtures which from the na- 
ture of their surroundings and impor- 
tance of location must harmonize with 
the elaborate interior architectural 
Gecoration and finish. To secure the 
talent of the specialists in the employ 
of the fixture manufacturers competi- 
tive designs were solicited, based upon 
a brief specification of the general type 
of fixture established for each impor- 
tant location, together with an estimate 
of the cost. 

To illustrate the character of the 
information furnished the fixture bid- 
ders, one case is cited below, taken as 
an excerpt from the fixture schedule 
furnished the bidders. 

“t1—o gas, 8 electric pendants, 
main corridor, height of ceiling 22’ 0”, 
fixture number 101, of a type to be 
supported by chain with pendant husk 
body designed to receive a spray of 
frosted lamps surrcunding a center 
pendant glass ball of size to contain 
one 32 c.p. lamp, roughed inside, hav- 
ing cut star in bottom, and finished in 
old gold and black, $100 each.” 

The resultant fixture is shown in 
Fig. 1, the height at which this fixture 
and other corridor fixtures were hung 
from the floor being governed by the 
general requirement that fixtures of 
the ceiling type located in lobbies and 
corridors must be hung at such heights 
with reference to the design of the fix- 
ture as would accord with the ceiling 
heights of the corridors, etc., and in- 
terior finish, and with a view to secur- 
ing effective and efficient illumination 
of the various spaces. 

The main corridor on the first floor 
is elaborately treated and imposing in 
design, with marble side panels, pro- 
jecting pilasters and mosaic groined 
arch ceiling. Flanked on the front 
side of the building by the Money 
Order, Registry, Postmaster and As- 
sistant Postmaster’s offices, and on the 
inner or court side by the Postoffice 
work room with its screen of lock 
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boxes, the main corridor extends the 
entire length of the building, over 340 
feet. A satisfactory illumination 1s 
secured in this corridor by the use of 
the fixture shown in Fig. 1, seventeen 
of which hang in a line, a good down- 
ward and side illumination being ob- 
tained by the lower globe, while the 
cluster or sprav of frosted lamps 
serves to light the elaborate mosaic 
ceiling. The height, about 12 feet, at 
which this fixture is hung above the 
floor was determined by experiment, 
so that without the use of reflectors, 
which would detract rather than add 
to the appearance in this design, the 
proper relative intensities of illumina- 
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tion on the floor and ceiling were se- 
cured. 

Fixtures of the same general type 
but somewhat larger and with the bot- 
tom ball depending from the husk by 
a chain two or three feet. long were 
placed in the main vestibules. In this 
case the upper cluster serves to illu- 
minate and bring out the massive and 

















FIG. 2. 
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decorative barreled arch ceiling built 
from blocks of carved Indiana lme- 
stone. The lower globes were drop- 
ped further to lessen the shadows on 
the colonade on either side. In each 
of the two elevator halls three fixtures 
of the design shown in Fig. 2 were 
used and hung lower than the main 
corridor fixtures to provide satisfac- 
tory illumination for the elevator en- 
trance. 

Efficient and effective results in the 
impcrtant office rooms on the first floor 
were secured by the use of pendant 
fixtures of the type shown in Fig. 3, 
which are actually equipped with 7- 
inch pagoda ball globes instead of the 
sandblasted globes shown in the pho- 
tograph. The ring finial of the pend- 
ant fixtures illustrated serves to actu- 
ate a finial switch concealed in the 
body of the fixture and designed to 
control each light separately. Practi- 
cally all pendant fixtures of three 
lights and over installed in the gov- 
ernment buildings are equipped with 
finial switches of this type, in some 
cases in addition to the customary wall 
switch control. The use of such a 
switch adds but little to the cost of a 
fixture, renders unnecessary the use 
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of key sockets, and makes possible the 
exercise of a better working economy, 
in the use of light. A desk lamp con- 
nected to the proper socket on such a 
fixture, for instance, may be placed in 
service by turning the finial switch, 
while the other lights on the fixture 
remain extinguished. | 

In the two court rooms, located on 
the second floor at the east and west 
ends of the building, special fixture 
treatment was necessitated by the lo- 
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cation of bracket fixture outlets on 
the face of sixteen pilasters eleven feet 
above the floor. The problem was best 
solved by the selection of the six light 
bracket fixtures shown in Fig. 4, the 
square back of bracket arm being de- 
signed to fit a space left blank in the 
fluted pilasters. Emergency gas light- 
ing was provided by the ornamental 
gas flame tip surmounting the fixture. 

The court rooms are richly orna- 
mented and decorated in colors which 
give low factors of reflection. A small FIG. 4. 
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FIG, 5. 





FIG. 6. 


number of low candle power frosted 
lamps are used under the skylight for 
decorative effects, but the illumination 
of the room is practically wholly de- 
pendent upon the bracket fixtures. 
The result is successful from the arch- 
itectural standpoint, and as artificial 
light is rarely required in the court 
rooms, efficiency is not the prime con- 
sideration; nevertheless the _ ratio 
which obtains of one 16 candle power 
lamp to 700 cubic feet of space cannot 
be considered excessive when the color 
scheme is considered. 





ONE OF THE MAIN. VESTIBULES. 


Midway between the court rooms on 
the second floor is located the Judges’ 
Library with the Judges’ Chamber on 
either side. An elaborate fireplace 
forms the central feature in this room, 
which is richly decorated in blue and 
gold. The fixtures, Figs. 5 and 6, 
were arranged with the pendant in the 
center and a ceiling light fixture at 


either side, these latter being kept high 


to permit the arrangement of book- 
cases below, while the former was 
hung low to give a good reading light 
on a large center table beneath. At 
either side of the fireplace and on the 
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opposite wall were placed bracket fix- 
tures of the design represented by Fig. 
7, which together with the pendant 
fixtures give a good distribution of 
light in all parts of the room. 

The main corridors on the second, 
third and fourth floors are fixtured 





BiG 74 


with simple 12-inch ground glass ball 
globes, each containing four 16-candle 
power lamps and fitted with ornamen- 
tal holders and canopies. At the in- 
tersection of the main corridor on the 
second floor with the elevator corri- 
dors are large public lobbies forming 
entrance halls for the two court rooms. 
The size of the halls, 28 x 36 feet, and 
the provision of one ceiling fixture 
outlet, made necessary a special fixture 
design for these locations, consisting 
practically of an inverted pyramid of 


ball globes with a capacity of sixteen 


16-candle power lamps supported by a 
suitable cast bronze ceiling plate of 
large dimensions. This treatment made 
it possible to keep the globes high, not- 
withstanding the fact that the ceiling 
height was only 13 feet g inches. 

In the above description only the 
most elaborate fixtures have been men- 
tioned, but the designs of lesser im- 
portance were studied with equal care, 
and included such details as the adap- 
tation of gas fixtures for emergency 
use to such types as would harmonize 
with the treatment of the electric fix- 
tures. 

The fixtures used in the plainer of- 


fice rooms and working spaces of the 
postoffice, etc., are of the character 
shown in Fig. 8, and were designed by 
the Government with special refer- 
ence to securing the maximum econo- 
my in the use of electric current, and 
effective illumination, and to this end 
were especially adapted for the use of 
the several types of Holophane pagoda 
reflectors with which the fixtures are 
equipped generally throughout the 


building. 
Considering the building as a whole 
the fixture equipment represented 


originally a factor of one 16-candle 
power lamp to 1,000 cubic feet of con- 
tents, and lamps of lower candle power 
than 16 have been substituted in many 
instances since the installation of the 
fixtures. 

The exterior of the building is 
greatly enhanced in appearance by the 
elaborate lamp posts designed by the 
architects of the building to accord 
with the architectural treatment of the 
approaches and stone balustrades. The 
imposing and dignified appearance of 
the exterior fixtures in the daytime 1s 





second only to the brilliant setting 
given by them when lighted at night. 
A view of the lamp posts fronting the 
main facade of the building is shown 
on the opposite page. 
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‘SAN FRANCISCO: PAST AND 
FUTURE 


The catastrophe by earthquake and 
fire, which wrought a greater havoc 
on the city of San Francisco than has 
ever before been visited upon any 
American city, is now a matter of his- 
tory. It can hardly be spoken of as a 
“horror,” for that term implies a ca- 
lamity due to human negligence or 
malice; and the San Francisco disas- 
ter was clearly the result of a power 
which man, with all his science and 
learning, is as powerless to control as 
he is the rising and setting of the 
sun. 3 

Loss of innocent life is irreparable; 
loss of material wealth can be re- 
stored by the process which created 
it, human labor. Calamities are the 
true tests of the moral stature of peo- 
ple; and it is one of the compensa- 
tions for the lamentable loss of life 
that the display of heroism was abun- 
dant, and the performance of duty on 
every hand reached the heroic point, 
while the instantaneous and abundant 
outpouring of sympathy, expressed in 
both words and money, and not only 
from Americans but from the whole 
civilized world, was a convincing and 
cheering proof that modern civiliza- 
tion has made long strides toward the 
actual universal brotherhood of man. 

With a knowledge that no blame 





lies on any human agency for what 
has befallen, attention may now be 
directed toward the future upbuilding 
of what will be the greater and fairer 
San Francisco. 

Every one who has threaded the 
narrow and crooked streets of our 
larger cities, and observed the dis- 
crepancies in architecture between the 
earlier buildings and modern struc- 
tures, must have had visions of what 
a city might be if laid out in accord- 
ance with modern facilities and ideas. 
Unfortunately it is only such super- 


human razing of cities as occurred in 


San Francisco that affords an oppor- 
tunity for the carrying out of such 
ideals. From the disaster, therefore, 
permanent beneficial results will ac- 
Crue, 

In the construction of the newer 
and better San Francisco the illuminat- 
ing engineer should find an opportu- 
nity for exerting his talents toward in- 
creasing the excellence of the general 
results. In both street and interior 
illumination there will. be opportuni- 
ties for a greater uniformity and more 
artistic and efficient results than could 
be hoped for in any established city. 
Those who will be responsible for the 
rearrangement and construction should 
avail themselves of every art and sci- 
ence which can contribute to the ex- 
cellence of the total result, and the 
Science and Art of Illumination is 
not the least among these. 


THE DEATH OF PROF. CURIE 


On April 19th, the day after the San 
Francisco catastrophe, a man was run 
down by a wagon and fatally injured 
in the streets of Paris. Some say that 
this accident, which in kind happens 
every day without more notice than a 
brief item in the daily press, occa- 
sioned a greater loss to the world than 
the San Francisco catastrophe. The 
man killed was Prof. Curie, who, 
jointly with his wife, discovered the 
element Radium. 

The statement as to the magnitude 
of this misfortune, though apparently 


but the exaggeration of excited ad- 
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miration, is conceivably within the lim- 
its of strict truth. Hundreds of lives 
were snuffed out in San Francisco; by 
what basis of valuation then can this 
one life lost in the streets of Paris be 
accounted equal to the manifold 
greater numerical loss? Only on the 
basis of the difference in value of indi- 
viduals to humanity in general. The 
work that Prof. Curie has done will 
live after him; it was not destroyed by 
his death. The loss to the world can 
therefore only be estimated by a con- 
sideration of what he might have 
brought forth had he been spared the 
usual alloted term of years. It is, of 
course, impossible to say what this 
might have been; but judging from 
the work which he did during his life- 
time, it could very well happen that the 
results of his labor, had he been 
spared, would have been of value, both 
in money and in life, transcending the 
San Francisco loss. A discovery once 
made is never lost; a means of saving 
life by preventing or curing disease 
has uncounted possibilities, while the 
wealth resulting from improved meth- 
ods of supplying human needs may be 
almost immeasurable. 

This judgment of the loss repre- 
sented in Prof.,Curie’s death, how- 
ever, is wholly one of conjecture. 
There is a possibility that he might 
not have hit upon any additional 
scientific knowledge of transcendent 
value, though this possibility in the 
present case is exceedingly small. 

The discoveries of Prof. and Mrs. 
Curie were of particular value to 
those interested in the subject of il- 
lumination. Of all the form of energy 
with which science deals, light is the 
one produced with the most extrava- 
gant waste in transformation; and 
even the discoveries which have been 
considered revolutionary in methods 
of light production have failed to re- 
duce this inefficiency except to a 
telatively small extent. The work of 
the Curies was a breach in the walls 
which had hitherto held the knowledge 
of these mysterious forces in inviolable 
secrecy. The field has not yet been 
sufficiently penetrated by other ex- 


plorers to determine what practical 
results may accrue, but it seems possi- 
ble that the way has been indicated by 
which further research will in time 
lead to most important discoveries in 
the transformation of other forms of 
energy into that which we know as 
light. Fortunately for humanity, 
Mrs. Curie, who shared at least equally 
in the honors with her husband, still 
remains to carry on the work; and 
with the results already obtained, and 
the co-operation of numerous. other 
workers in the field that has been thus 
opened for exploration, the full meas- 
ure of results must in time be secured, 
though it is impossible to estimate to 
what extent they have been retarded 
by this untimely taking off. 

Scientific geniuses are few and far 
between, and that they should be cut 
down in the midst of their usefulness 
is one of the inscrutable acts of 
Providence. 

In their devotion to each other and 
to their common great purpose, the 
lives of Prof. and Mrs. Curie afford 
an example to mankind that is com- 
parable in value to their scientific dis- 
coveries. On this subject the New 
York World makes the following ob- 
servations: 


The fatality ended also a rare life com- 
panionship. The Browning union was not 
in a higher sense a marriage of true minds 
than the copartnership of the Curies in 
kindred interests and ambitions. 

They had literally consecrated themselves 
to science. They spent every penny of 
their slender means for pitchblende, tons . 
upon tons of which were required to 
produce a single grain of radium, the 
philosopher’s stone of their quest. Their 
garments were of the coarsest, Mme. 
Curie sharing every privation to advance 
her husband’s researches. She herself 
pounded in a mortar all the pitchblende 
needed to vield the solitary particle of 
radium exhibited at the Paris Exposition. 
It was said of her that though she marred 
the beauty of her hands she did not waste 
a gramme of the precious mineral. 

Fame when it came could not lure the 
Curies from their simple life. The Nobel 
and Osiris prizes, amounting to $24,000, 
were to them not a means for luxury and 
display but for more pitchblende. Munif- 
cent offers from the great laboratories of 
the world, some of the most attractive 
from the United States, were declined for 
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a Sorbonne professorship for M. Curie, 
yielding $2,400 a year, and for Mme. Curie 
a $1,200 place in a Paris laboratory. 

Curfe was only forty-seven at the time of 
his death. He was forty-one when he sent 
to the Exposition the wonderful new ele- 
ment which was to upset the scientific 
theories of a century. There, as the story 
goes, a diamond -merchant from - India, 


finding that the substance discolored~ his: 


exhibits, thrust it angrily aside into an 
obscure corner, from which only the at- 
cident of a visitor’s curiosity brought it to 
the world’s notice. 

Had Curie more to do or was his life- 
wo:< done? Was he on the track of yet 
greater discoveries in radio-activity or had 
he already served the divine purpose? 
The crunch of a cart-wheel leaves the ques- 
tion one of the world’s mysteries, 

Mme. Curie, whose co-operation with her 
late husband in scientific work was of 
editorial note in The World of yesterday, 
has been appointed to the chair of science 
held by M. Curie in the University of Paris. 
A more prompt and graceful public recogni- 
tion of womanly, wifely and scholarly at- 
tainments was never recorded. 


ILLUMINATING ENGINEERING AS 
A MEANS OF INCREASING 
CENTRAL STATION 
BUSINESS 


Attention is called in other portions 
of this issue to schemes that are being 
used with some degree of temporary 
success, in this country and in Eng- 
land, by which both the user and the 
producer of electric current are de- 
frauded. From these cases the fol- 
lowing general proposition may be de- 
ducted: it is to the best commercial 
interests of central stations and gas 
companies to do all in their power 
toward assisting their patrons to se- 
cure the best illuminating results pos- 
sible for the money expended. 

This had not always been the case 
in the past, and there are probably 
still those who would shy at any im- 
provement in illuminating practice 
which would reduce the cost of light- 
ing to the consumer. The recognition 
which illuminating engineering is re- 
ceiving tends directly towards mak- 
ing such practice an untenable one; 
while competition between different 
forms of luminants and different 
methods of producing light from the 


same luminant, also tend towards the 
same end. 

One of the most valuable assets of 
any commercial enterprise is that 
wholly immaterial and sentimental 
commodity known as “good will’; 
and whatever tends to increase the 


- value of this asset is of just as real 


commercial value as additions to 
manufacturing plant or real estate. 
Even where the possession of an ap- 


“parent monopoly would seem to af- 


ford an opportunity of ignoring this 
fact, events have already shown that 
in the end the matter is more than 
evened up by. the advent sooner or 
later, of a competition that is often 
disastrous in its effects. A glance over 
the “Miscellaneous News” will illus- 
trate this point by the numerous cases 
given in which public disapproval has 
taken the form of more or less suc- 
cessful agitation for municipal own- 
ership or control. . 

To come down to specific examples: 
a case which illustrates the point we 
wish to make was related by Dr. A. 
H. Elliott, of the Consolidated Gas 
Company, New York City, in his re- 
marks at a former meeting of the II- 
luminating Engineering Society. The 
case he mentioned was as follows: 

The company knew that there were 
still in use in the poorer districts of 
the East Side a great number of- the 
old, wasteful, flat flame burners, which 
were retained on account of the in- 
ability of the tenants to bear the ex- 
pense of buying new Welsbach burn- 
ers. The company happened to have 
on hand a quantity of such burners 
that had been previously used. These 
were refinished at slight expense, and 
canvassers were sent about to place 
them at a trifling cost among the 
users. Wherever one of these burners 
was put in it of course reduced the 
consumption of gas for lighting by at 
least one-half. Having gained the 
customer’s confidence in one matter, it 
was easy to gain it in another. The 
solicitors showed how the gas saved 
in lighting could be advantageously 
used for cooking. As a net result of 
the campaign a great deal more gas 
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was used by the customers than be- 
fore the change in burners was made. 

The same general scheme is capable 
of extensive application in the case of 
central stations. The vast majority of 
the patrons of central stations are 
those who consume current only for 
the application of light, and the gen- 
eral attitude of the consumer is usu- 
ally to consider the lighting company 
as more or less of a natural enemy, 
whose aim is to despoil him as far as 
circumstances will permit. The only 
personal contact between consumer 
and producer is when the former pays 
his bill, which is usually, on gen- 
eral principles, considered excessive. 
Closer personal contact occurs only 
when dissatisfaction arises to the point 
where the consumer makes a formal 
complaint. 

But why wait for a kick before mak- 
ing the acquaintance of the consumer? 
Why not send a courteous and intel- 
ligent representative, who, besides 
having the requisite tact of a sales- 
man, has also some practical and 
available knowledge of illuminating 
engineering, to call upon the con- 
sumer, make his acquaintance, and as- 
certain if his illumination and the bills 
therefor are satisfactory? If they are 
not, let him suggest plans by which 
the lighting can be improved without 
increasing the cost; or better still, to 
improve it and redtice the cost at the 
same time, which can be done in nine 
cases Out of ten. Even where the cus- 
tomer expresses himself as satisfied, 
ways could generally be found for giv- 
ing him still better service. In either 
of these cases a general feeling of 
actual good would be established 
which would pave the way for the 
presentation of the advantages of us- 
ing electric current for other purposes, 
such as power, and heat. Having 
gained the confidence of the customers 
by giving them a practical example 
of the company’s interest in their wel- 
fare, any further suggestions would 
meet with favor in place of the usual 
attitude of distrust and _ prejudice. 
The total result would therefore be 
the use of a greater amount of current, 


which is the commercial end sought. 

This policy would, of course, neces- 
sitate an understanding between the 
central station and its solicitors that 
the ultimate good will of the present 
Or prospective constimer was to be 
considered of greater consequence 
than an immediate contract which 
would later lead to dissatisfaction and 


perhaps total cancellation, and that the 


solicitor who can give practical as- 
sistance to his customers is more valu- 
able to employers than the one who 
can “set up an elegant line of talk.” 


THE ILLUMINATION OF THE SUB- 
WAY STATIONS 


We reprinted in our last issue an 
article on this subject which appeared 
in the Electrical Review on the 26th 
of last August, and a letter from 
Major E. L. Zalinski, which appeared 
in a subsequent issue of the Electrical 
Review, in which he took issue with 
some of the statements made by the 
writer. Our object in reprinting this 
was, as stated, to present some fur- 
ther discussion of the matter treated 
in the articles mentioned, believing 
that there were several points on 
which further illustration would be of 
interest to illuminating engineers. 

The discussion of the subject di- 
verted into too rather independent di- 
rections, one dealing specifically with 
the best method of illuminating the 
stations, and the other with the rela- 
tive merits of different kinds of re- 
flectors, with particular reference to 
those made of prism glass and those 
of glass having a white enameled sur- 
face. The latter question is one of 
fact rather than of opinion, and we 
have therefore had special investiga- 
tions made along this line, a report of 
which will be found in another 
column. The question of the proper 
standard by which to judge of the il- 
lumination of the Subway stations is 
to some extent a question of opinion, 
and the relative values of opinions can 
only be judged by the arguments set 
forth in their substantiation. 
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In our article in the Electrical Re- 
view the position was taken that the 
proper basis for determining the suf- 
ficiency of illumination is the surface 
of the platforms; while Major Za- 
linski’s contention, which was evident- 
ly the idea of the engineers who laid 
out the lighting, was that the standard 
of illumination should be that pro- 
duced in a plane about five feet from 
the floor, or the position in which a pa- 
per would ordinarily be held to read 
while standing. We still contend that 
the Subway stations were not primar- 
ily intended as reading rooms, but that 
they are mere passageways intended 
to be occupied only so long as may 
be necessary to pass through them, or 
at most to await the arrival of a train, 
and hence the object of the illumina- 
tion is to make ingress and egress as 
easy and expeditious as possible. In 
substantiation of this view we can do 
no better than to refer to the statement 
of Mr. Ernst on page 136 of this issue 
with reference to the lighting of hall- 
ways. No one who has been in them 
will deny the fact that, on entering, 
there is a sense of having to feel one’s 
way, as it were, on account of the dim 
illumination on the platforms. 

A reference to the curve given will 
show that the average intensity of il- 
lumination is less than .4 of a foot- 
candle, as determined from a photo- 
metric test of the lamps and globes 
in use. With the accumulation of 
dust which is usually present, it is 
altogether probable that this is re- 
‘duced to .3, or even less. A .3 foot- 
candle illumination on a gray surface 
is entirely inadequate to allow one to 
walk with a sense of freedom. 

The fundamental mistake in laying 
out the lighting of the stations was in 
using an insufficient number of lamps, 
or in other words, providing too small 
a total candle-power. Since the 
original article was written this mis- 
take has been recognized and correct- 
ed in a number of stations by the awk- 
ward expedient of stringing additional 
wires and installing bare 16 candle- 
power lamps. It was shown that an 


average illumination of 1 foot-candle 
could be produced without these extra 
lamps by the substitution of a 4o 
candle-power lamp in the place of the 
present 32’s, and of the most efficient 
form of prismatic glass reflector in 
place of the present ground glass 
globes and other inefficient devices. 
Why this simple change should not 
have been made instead of the more 
expensive and unsightly expedient of 
stringing up more lamps, is a matter 
which the engineers in charge can best 
explain. 

Whatever may be said for or against 
the merits of the devices used, there is 
one fact which is absolutely indis- 
putable—that the present illumination 
of the stations is ridiculously inade- 
quate and inexcusable. Engineers 
who have in charge similar work will 
do well to profit by the lessons to be 
learned from this unfortunate experi- 
ment. 





A CENTURY’S PROGRESS IN dL- 
LUMINATION 


It seems almost increditable that the 
entire development of illumination 
from its most primitive forms has 
taken place within less than a century. 
On the front cover we give a reprint 
from a celebrated drawing, showing 
what may be considered in some ways 
the prototype of the present central 
station. While the watchman who 
went his rounds with a lantern was 
primarily a policeman, the fact that it 
was necessary for him to carry a 
lantern in order to find his way about 
the streets and alleys of London, the 
chief city of the world, is in itself a 
sufficient index of the character of 
the street lighting of that time. The 
watchmen, going forth from their 
watch-house, and carrying their sickly 
oil lanterns, are in a way a counterpart 
of the enormous engines and dynamos 
sending out their electric current to il- 
luminate the streets at the present 
time: and there are those still living 
who can remember seeing a watch- 
man as shown in the illustration! 
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Research and Investigation 


Conducted by Tue I[ttuminatinc ENGINEER 


PLAIN VS. ENAMELED PRISMATIC 
GLASS REFLECTORS 


An article on the diffusing reflector, 
‘by Maj. E. L. Zalinski, the conclusion 
of which will be found in another part 
of this issue, brings up the question 
-as to the relative merits of clear prism 
glass reflectors, and the same form of 
‘reflector with a white enamel on the 
outside. Believing that the data and 
arguments given by Major Zalinski 
left a number of points undecided, we 
‘have had a number of experiments 
made, and tests upon the reflectors 
‘carried out by the Electical Testing 
‘Laboratories. | 

Summing up the various conten- 
tions, the points in dispute may be 
‘summarized as follows: 

Ist. Does the coating or enameling 
of the prism on a prismatic reflector 
-destroy the optical reflection ? 

By optical reflection is meant that 
which is commonly known as “total 
‘reflection,’ which takes place when a 
‘ray of light, after passing through a 
dense medium, strikes a rare medium 
within the critical angle. 

2nd. Which form of reflector is the 
‘most efficient, regardless of the cause 
-of reflection? 

3rd. What are the relative merits 
of the two forms for general illumi- 
nating purposes? 

The first question was sufficiently 
-answered in the affirmative by the tests 
shown in Major Zalinski’s discussion 
‘in which a reflector enameled on the 
‘inside shows practically the same ef- 
‘ficiency as one enameled on the out- 
‘side; but to decide this point beyond 
-a peradventure, the following experi- 
‘ment was made: 

Reflectors were made as nearly as 
‘possible of the same contour and size. 
No. 1 was of plain glass both sides. 
No. 2, with the usual 90° prisms on 
tthe outside, plain on the inside, and 


enameled on the out or prism side. 
No. 3 was of the same form, but 
enameled on the inside. 

The test shows that the plain glass 
reflector is the most efficient of the 
three. This is exactly what would be 
expected from the theory. 

In the enameled prism reflector there 
is more or less reflection from one face 
of the prism to the other and conse- 
quently more absorption by the 
enamel. . 











IKE I 


Curve No. I: Bate lamp, 

Curve No. 2. Prism reflector enameled on 
outside. 

Curve No. 3. 
inside. 

Curve No. 4. Plain clear~glass.-reflector 
enameled on outside. 


Prism reflector enameled on 


This experiment proves conclusive- 
ly that the prisms have absolutely no 
action in producing reflection in case 
they are enameled, and that if 
enameled glass is to be used, the plain- 
er the surface the better. While this 
experiment was unnecessary in view 
of the well-known principles of optics 
which are involved, there are a great 
many laymen who are, figuratively 
speaking, “from Missouri,’ and are 
much better satisfied after being shown 
with their own eves that an asserted 
factsis=tr ie, 
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The answer to the second question 
would appear from the cases cited by 
Major Zalinski to be in favor of the 
enameled reflectors, but there were at 
least two respects in which the ex- 
periments which he carried out would 
lead to inaccurate results:—(1) Ap- 
parently only reflectors of a certain 
make and shape were tested. The re- 
sults therefore could not prove the 
general proposition, but only that the 
particular make of the prismatic re- 
flector tested was less efficient than an 
enameled reflector. This might very 
well happen, as the reflecting power 
depends in large degree, upon work- 
manship and design. (2) The tests 
reported by Major Zalinski were made 
by the use of three lamps with a 
“wireless cluster.”’ Why this awkward 
and unscientific combination was used 
in these experiments, the writer does 
not explain. Such an arrangement 
of necessity brings the lamps close to 
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FIG. 2: 
Curve No. 1.. Bare 32. c..p. lamp. 
Curve No. 2. Clear prismatic reflector. 
Curve No. 3. Enameled prismatic reflector. 
Curve No. 4. Clear prismatic reflector. 


the inner surface of the glass, and this 
throws out to a considerable extent 
the effect of total reflection; that is, 
it has practically the effect of a light- 
source enormously increased in sur- 
face, and the Major calls attention in 
his discussion to the fact that not all 
of the rays can be totally reflected 


unless they emanate from a point 
source. With a single lamp placed 
centrally in the reflector,—and there 
is no necessity for any other arrange- 
ment,—the deviation from the theory 
is comparatively small, and hence a 
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2. Prismatic reflector. 

No. 3. Prismatic reflector, enameled. 

4. Prismatic: reflector. 


larger amount of the light is reflected. 

In experiment No. 2 three reflect- 
ors were made, two of them of similar 
size and shape, one of which was 
enameled on the outer surface, the 
other having its contour modified so 
as to give a different distribution. 
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The three were then tested with a 
regular 32 candle-power lamp placed 
in the proper position; the results are 
shown in curve, Fig. 2. 

The facts brought out by this test 
are as follows: 

Ist. The total reflecting power of 
prismatic glass when properly de- 
signed and used 1s larger than that of 
white enamcled glass. 

2nd. A prismatic reflector properly 
shaped, and with the lamp in a definite 
position, 1s capable of giving a wider 
distribution than enameled, or any 
other form of diffusing reflector. 

3d. By changing the contour of 
prismatic reflectors it is possible to 
vary the distribution as desired within 
very wide limits, while with white re- 
flectors only one distribution can be 
obtained. 


This latter fact is highly important, 
as it enables the natural distribution 
of a light-source to be so modified as 
to produce a given illumination upon 
a predetermined surface to a greater 
extent than can be obtained with any 
other form of translucent reflector. 
The maximum amount of light there- 
fore can be directed practically within 
any desired zone. 

It is not necessary in view of the 
above facts to go into a detailed de- 
scription of the numerous contentions 
in regard to enameled reflectors. The 
results given clearly establish all the 
facts claimed from a theoretical stand- 
point. 

It is not to be understood, however, 
that they entirely discredit the enamel- 
ed reflector as a form of diffusing re- 
flector. From the point of artistic ap- 
pearance they are undoubtedly much to 
be preferred to reflectors made of 
either opal glass or enameled metal, 
and their efficiency is such as to render 
them acceptable from an engineering 
standpoint. By dispensing with the 
useless prisms, and using a purely or- 
namental configuration for the surface, 
highly decorative effects may be pro- 
duced, the enamel giving a peculiar 
satiny appearance, unlike any other 
form of reflecting surface. 


A SCHEME FOR «WORKING”’ THE 
PUBLIC ON ILLUMINATION 


An ingenious scheme, which de- 
pends upon the prevalence of faulty 
methods of lighting and public igno- 
rance of the elementary principles of 
illuminating engineering is being 
worked with more or less success in 
various cities. The modus operandi 
of the scheme is as follows: The 
user of electric lamps is approached 
by an agent and told that his lighting 
bills can be cut in half by the simple 
expedient of replacing his present 
lamps and shades with a special lamp 
and “prism hood,’—as the apology 
for a prismatic reflector is called. 
The combination lamp and “hood’’ is 
presumably too valuable to be parted 
with, so the customer is permitted to 
lease the outfit on consideration of 
his paying the lessor half of the sav- 
ing effected in his bills for current. A 
contract is offered which, on the face 
of it, is to the unwary a perfectly fair 
business proposition. The lessor 
agrees to equip the premises through- 
out with his combination lamp and 
hood, the same to remain in place for 
one year; and no other lamps or ap- 
paratus are to be installed without 
permission. In short, the lessor prac- 
tically assumes entire control of the 
lighting installation, and receives in 
compensation half of the reduction 
made in the cost of the light. 

There is one omission in the con- 
tract, however, which is decidedly im- 
portant to the lessee, or customer; 
there 1s absolutely no statement or 
guarantee as to the quahty or amount 
of wlumination that will be furnished 
by the alleged. improved apparatus. 
It does not therefore take much of a 
genius to guess how the scheme is. 
worked. A 16 candle power lamp is. 
replaced with a 4 candle power lamp, 
of slightly different shape from the- 
ordinary commercial form, but label-. 
ed “XV,” (candle power omitted!) 
and fitted with the smallest size of 
prismatic reflector. The reflectors 
thus far placed are of somewhat fanci- 
ful pattern, having the prisms spirally 
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arranged, and the agent makes many 
claims as to the advantages of the 
“eyrating rays’ produced by this 
spiral arrangement. ‘“Gyration” is a 
happy expression: the most accom- 
plished patent medicine or electric belt 
fakir has never surpassed it. Natural- 
ly, the 4 candle power lamp reduces 
the current consumed by a very con- 
siderable amount; and, it is needless 
to remark, also reduces the total light 
produced to one-fourth the original 
amount. The customer therefore has 
his light reduced to one-fourth of 
what he has been having, and pays 
monthly a handsome sum for the priv- 
ilege. 

A few figures will show how it 
works out in practice. Let us suppose 
the following case: 

A customer is running one hundred 
16 candle power lamps five hours per 
day; 100 lamps, 56 watts each=5,600 
watts; 5,600 watts five hours per day 
=26 ) WiWoe Hours sper day > 2o 1K Ve 
hours at 10c.—$2.80 per day. 

There is substituted for this one 
hundred 4 candle power lamps, 16 
watts each=1,600 watts; I,600 watts 
5 hours per day=8 K.W. hours; 8 
K.W. hours at 10c.=$0.80 per day; 
difference in cost of current $2.00 per 
day. 

For rent of the outfit therefore the 
lessee pays $1.00 per day; or, count- 
ing twenty-five business days to the 
months, $25.00 per month for the 
privilege of having his light cut down 
one-fourth of what it was originally. 
At the end of the year he has paid 
$300, and if dissatisfied, can have his 
original installation put back again; 
in which case he has absolutely noth- 
ing to show for the money expended 
except the reduction in light and cur- 
rent. 

The fact that the user can be per- 
suaded that he 1s getting satisfactory 
illumination by the use of these com- 
paratively inefficient “hoods” and four 
c. p. lamps is an evidence of the waste- 
fulness of the usual form of globe or 
shade, and an indication of what can 
be done with the best devices and in- 
telligent engineering. By this scheme 


the customer uses a four c. p. lamp 
and pays, including rental for the in- 
stallation, an amount equal to the cost 
of running eight c. p. lamps. 

To make sure of just what was be- 
ing offered in this scheme we have 
had tests made by the Electrical Test- 
ing Laboratories of the lamp and re- 
flector offered. The results are given 


KS se vor 
LG cae ‘. / 


pee 


70° 










FIG. 2. 


In Fig. 1, the inside curve is that of 
the four c. p. lamp and hood used in 
place of the 16 c. p. lamp; the outer 
curve is that of the 16 c. p. lamp bare. 
In Fig. 2, the inside curve is that of 
the 4 c. p. lamp and hood, while the 
outside curve is one obtained by the 
use of a high class prismatic reflector 
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with 8c. p. lamp. In Fig. 3, the out- 
side curve shows a different distribu- 
tion obtained from an 8 c. p. lamp with 
a high class reflector. The inner 
curves in Figs. 2 and 3 show the light 
which the consumer gets by his rental 
scheme, while the outer curves show 
the light which he could obtain from 
the same expenditure after the slight 
first cost of the installation. The dif- 
ference in the amounts of light may 
therefore be considered the tax which 
he pays for his own ignorance of the 
subject, or his neglect to employ the 
services of a competent illuminating 
engineer. 

The customer could have gone into 
the market and purchased one hun- 
dred of the highest grade of prisma- 
tic reflectors of similar size for $35. 
In case he is getting free lamp re- 
newals from the lighting company, 
_ which is now the general practice, this 
would have represented his entire cost 
for the improvement, and he would 
have had the reflectors for permanent 
use thereafter. In case he was buy- 
ing his own lamps he would have had 
to purchase, on a liberal estimate, 300 
lamps at 16c. each, costing $48.00. 
His total expenditure would have been 
$83.00, as against $300 on the leas- 
ing scheme, and his expense thereafter 
would have been but $48 per year in- 
stead of $300. | 

Stripped of high sounding words, 
the proposition is this: “I will show 
you how to reduce your lighting bills 
more than one-half; for showing you 
I am to get one-half of the saving.” It 
is agreed. “Very well; use lamps 
taking a quarter as much current.” 
It is identical, except in the nature of 
the expenditure, with the following 
proposition: “I will show you how to 
reduce your living expenses 50 per 
cent.; for showing you I get one-half 
of the saving.” Good. I then get a 
smaller house than can be rented for a 
quarter what you are now paying, and 
furnish you a quarter as much food; 
for this service you pay me one-half 
the difference, or one-fourth of your 
present living expenses. 

It is worth mentioning that the pe- 


culiar designs offered in the renting 
proposition are simply ingenious at- 
tempts to evade the patents by which 
the standard reflectors are protected; 
and it is particularly worth noting that 
these attempts have not been success- 
ful, as at least one of the forms has 
already been adjudged an infringe- 
ment and its further sale enjoined, 
and suits are pending against the 
other forms offered. 

That the great majority of illumi- 
nating installations could be improved, 
both as to quality and efficiency of 
results, is only too apparent to those 
familiar with the subject; but just as 
the sick are a prey to the numerous 
horde of charlatans who profit by their . 
eagerness for health, so the numerous 
and generally recognized faults of 
lighting afford an attractive field for 
schemers seeking to profit by the un- 
fortunate conditions that exist. The 
incandescent electric lamp itself is so 
easily juggled as to make it an at- 
tractive species of gold-brick. It 
would be an edifying piece of statistics 
to show how much good money has 
been obtained by the simple trick of 
displaying with the proper air of 
mystery an undervoltage lamp. The 
scheme of using a silvered stem which 
would reflect the filament and thus 
give the lamp the appearance of hav- 
ing two filaments, and therefore, ac- 
cording to the fakir, twice the light- 
giving power, is probably familiar to 
many of our, readers: (It was: on 
some such hair-brained proposition 
that a large amount of capital was 
raised, and even extensive buildings 
put up for the manufacture of the im- 
proved lamps not many years ago. 
Prof. Aggassiz epitomized the pub- 
lic reception of scientific discoveries 
as follows: 

First: It is impossible; 

Second: It is contrary to the 
Scriptures ; : 

Third: Everybody knew it before. 

Following a similar method of class- 
ification from the commercial point of 
view, the three epochs in the develop- 
ment of an invention might be 
characterized as follows: 
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First: It is scouted as only a 
scientific curiosity that can have no 
practical use; 

Second: It is exploited by charla- 
tans and fakirs who live upon the 
gullibility of the public; 

Third: 2A+ “generals 4scramblée ox 
competitors to imitate the improve- 
ment or steal it outright. : 

Electricity in general has _ not 
yet entirely emerged from the sec- 
ond stage, as a large majority of 
the public are still quite unfamiliar 
with the subject. The various alleged 
electrical devices which are claimed to 
cure the numerous ills that flesh is 
heir to are abundantly in evidence and 
apparently largely patronized. 

Illuminating Engineering, the new- 
est of the special branches of applied 
science, is evidentally about to pass 
through this second period of its de- 
velopment. There has been a sudden 
and general awakening of the people 
to the fact that ordinary methods of 
lighting are wasteful and unsatisfac- 
tory, and any scheme by which this 
condition can be removed is accord- 
ingly attractive. The subject is un- 
doubtedly the least understood of any 
question of equal importance at the 
present “time. ) This Ais particularly 
true of illumination by electricity, 
since electricity itself is still to the 
average user a profound mystery; 
volts, amperes, watts, candle power, 
distribution, diffusion—all of these 
terms, which are common parlance to 
the illuminating engineer, are equiva- 
lent to so much Greek to the unini- 
tiated. “A little knowledge is a 
dangerous thing,’ especially when it 
is used as a basis for the purchase of 
an important commodity ; and it is the 
consumer who, having some slight 
knowledge of the subject, is most 
readily beguiled by the glib tongued 
promoter of pseudo-scientific schemes. 

The prism glass reflector, which is 
a scientific. improvement of unques- 
tioned valué in illumination, is one of 


the latest inventions to be exploited 
by those who live on the credulity of 
the public. A prism reflector is an 
exceedingly simple device to those 
familiar with the elementary principles 
of optics; but as ‘the average user 
is unfamiliar with even these elemen- 
tary laws, there is opportunity for 
much darkening of counsel as well 
as of illumination by words without 
knowledge. Thus, it is a compara- 
tively simple matter to use the term 
“alumination” to imply that a prism 
reflector increases the light of a lamp. 
It is quite proper to state that a reflec- 
tor increases the illumination, pro- 
vided that the reader or hearer is 
given to understand what is meant by 
the term; but to make the statement 
without defining the term is a mani- 
fest attempt to deceive. To be sure, 
any other kind of reflector will in- 
crease illumination within a certain 
region, but the ordinary forms of re- 
flector are too familiar to be thus jug- 
gled with. The prism reflector is new 
and unfamiliar, hence its virtue for 
this purpose. 

As might be expected, the scheme 
does not continue to work indefinitely. 
The loss in illumination, though not 
sO apparent at first, is sure to impress 
itself upon ordinary observation in the 
course of a little time, and it is there- 
fore unusual to find an installation of 
this kind that has been in operation 
for any considerable length of time. 

The recital of facts above set forth 
has a moral for both the Central Sta- 
tion manager, and the consumer of 
current: the former should employ one 
or more competent illuminating engi- 
neers, whose duties should be to see 
that customers get the best possible 
wluminating results for the current 
consumed; while the latter should in- 
vestigate the credentials of those who 
pose as experts, and obtain the ad- 
vice of engineers of established repu- 
tation before signing such important 
contracts. 
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Facts and Fancies 


An advertisement which has been 
running in several well-known peri- 
odicals is deserving of notice on ac- 
count of its originality and cleverness. 
It is in the interest of acetylene light- 
ing, and tells “how to make cheap gas 
light for country homes.” 





Take a common clay pipe. 
_ Put a simple “Acetylene” Gas-burner on 
acs 5 Stem. 

Bind the two in position with a tight- 
fitting piece of Rubber Hose. 

Then fill the bowl of the pipe with fine- 
ground Calcium Carbide. 

Next tie a rag over head of the bowl to 
keep in the Carbide. 

Now put the pipe into a Glass of Water, 
as in picture. 

There you have a complete Gas-plant for 
25 cents. 

Touch a match to the Burner—and you'll 
get a beautiful White Gas-light. 

Of course, this is only an experiment, but 
it shows the wonderful simplicity of Acety- 
lene lighting. 


ACETYLENE AS A SUBSTITUTE 
FOR DAYLIGHT 


Speaking of acetylene illumination, 
a new use for it, which seems to have 
some possibilities of reaching com- 
mercial proportions, has been discov- 
ered by the Agricultural Department 
of Cornell University. This use is for 
the purpose of forcing the growth of 


plants in greenhouses. The following 
notes on this subject are from a recent 
issue of the New York Herald: 


Only a few years ago the possibility of 
using acetylene light in the production of 
greenhouse plants came under the atten- 
tion of L. H. Bailey, director of the Cor- 
nell College of Agriculture, and Professor 
John Craig, head of the department of 
horticulture in that college. -It was decided 
that experiments of sufficient extent and 
thoroughness to determine the scientific 
and commercial value of acetylene light 
should be carried through. 

Electric light may also be used in place 
of acetylene, but it is much more expen- 
sive. It may seem peculiar that precisely 
the same results are accomplished by these 
two lights, but such is the case. With 
electric light, however, a very strong arc 
must be used and then enclosed in an 
opalescent bulb in order that the ultra 
violet rays may be taken out. One day’s 
exposure to these rays would mean the 
ruining of all the plants the light struck, 
and the amount of electricity that must be 
used up so that enough white light may go 
through the opalescent bulb is so great as 
to render the use of electricity a commer- 
cial impossibility. Acetylene in compari- 
son with it costs almost nothing. Hence 
while electricity in this connection is also 
very interesting to the scientist, it attracts 
little more than the idle curiosity of the 
greenhouse gardener. 

One remarkable fact about the acetylene 
burner is that it has no harmful effect on 
any plant, though on some it produces little 
effect. In the Cornell greenhousés the deli- 
cate tomato vines grow within five or six 
inches of the flame of the burner, just as 
well as they do ten feet away. In some 
cases the application of acetylene light will 
produce “diminishing returns,’ as the econ- 
omist puts it, that is, it does not pay for 
the good you get out of it. 

“Tt costs just about so much on an aver- 
age to run a greenhouse for thirty days. 
Suppose you can save ten days on a crop 
that it takes about thirty days to grow 
under natural conditions, that is, suppose 
you use acetylene at night to keep up the 
work of the sunlight. That means that 
in three months’ time you will have been 
able to raise an extra crop. The big ad- 
vantage of this from the practical stand- 
point you can very easily see if in getting 
this extra crop you do not add too much 
to the cost of production. If acetylene light 
is used the extra cost is rarely as large as 
the benefit derived from it.” 
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A NEW ELECTRIC LAMP FOR 
PHOTOGRAPHIC USE 


The use of artificial light for vari- 
ous photographic processes has _be- 
come a matter of no small importance. 
It is a well-known fact that the rays 
which have the most powerful effect 
on the chemicals used are those of the 
blue and violet color, together with 
rays that produce no visual effect at 
all. The most powerful source of such 
rays of the present time is the high 





voltage enclosed arc lamp. A clever - 


arrangement of a lamp of this kind for 
photo-copying purposes is shown in 
the illustration, and is due to Mr. 
WN. McBeth, of. Philadelphia. It 
consists simply in an inverted form of 
enclosed arc lamp placed upon a tri- 
pod standard and fitted with a suitable 
reflector. The convenience and gen- 
eral neatness of the arrangement are 
readily apparent, the inner globe be- 
ing as easily removed as a chimney 
from a kerosene lamp. In setting up 
the outfit a resistance and switch are 
furnished, so that wherewit is to be 
used for taking color values a lower 
voltage current can be thrown in so as 


to give a white light in place of the 
blue and violet due to high voltage. 





HOW TO READ COMFORTABLY 
ON THE CARS 


The feeling of discomfort that is 
usually felt on reading in a moving 
train is a matter of common experi- 
ence, and the practice, if persisted in,. 
is generally considered, probably 
rightly, to effect permanent injury to 
the eyes. A physician has suggested 
that this discomfort, with its attendant. 
injurious effect, can be practically re- 
moved by the simple expedient of sit- 
ting backwards in the car. The ex- 
planation given is that the exterior ob- 
jects are seen only after having been 
passed, and with a receding motion, 
and therefore the images do not, as it 
were, strike the retina with a blow. 
A rapidly approaching object in- 
stantly gives an impression of danger, 
keeping the eye unconsciously strained 
to protect itself. To those who have 
suffered annoyance in this way and 
who are accustomed to reading under 
these conditions the suggestion is well 
worth a trial. 





PHOTOGRAPHING BLUE PRINTS 


A foreign periodical has an article 
describing a method of successfully 


_ photographing a blue print. Summed 


up, the process consists simply in us- 
ing a yellow-sensitive dry plate—the 
commercial orthochromatic or  1so- 
chromatic plates serving sufficiently 
well, and a yellow color-screen over 
the lens. Blue and yellow being 
complimentary colors, the yellow 
color-screen will cut off the blue rays, 
while the orthochromatic plate will be 
sensitive to the yellow rays corre- 
sponding to the white lines on the 
print. The result will be as strong 
a negative as if the original were 
drawn with white lines upon a black 
ground. Since both the orthochro- 
matic plates and’color-screen can be 
readily obtained of any photo supply 
house, the method can be readily car- 
ried out without special preparation. 
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AN INGENIOUS METHOD OF 
LIGHTING CANDLES 


Electricity has usually claimed for 
itself the sole means of lighting up 
any number of lamps simultaneously ; 
but in this, as in other cases, there 
seems to be nothing new under the 
sun. The Youth's Companion has the 
following interesting description of a 
method of producing this effect when 
candles were the best light-sources 
available. 


In these days of electric lights, with all 
their capabilities for brilliant illumination, 
it is amusing to read what the subjects of 
George II. considered a dazzling effect. A 
Frenchman, visiting in London at the time 
of the coronation of that monarch in 1727, 
writes enthusiastically in praise of the 
lighting of the city, as well as of a banquet 
display. 

“Most of the streets,’ writes Monsieur 
Saussure, “are wonderfully well lighted. 
In front of each house hangs a lantern, or 
large globe of glass, inside of which is 
placed a lamp which burns all night. Large 
houses have two of these, suspended out- 
side the doors by iron supports. Some 
even have four. 

How one arc light would have dazzled 
the good people of that day! 

“When the coronation procession en- 
tered Westminster hall,’ the writer con- 
tinues, “the light of day was beginning to 
fade. Forty chandeliers, in shape like a 
crown, hung from the ceiling, each hav- 
ing 36 wax candles. 

“On the king’s appearance all suddenly 
lighted, and every one in the room was 
filled with astonishment at the wonderful 
and unexpected illumination. Little cords 
of cotton wool, imperceptible to the eye, 
saturated with sulphur of saltpeter, spirits 
of wine and other ingredients, had been 
prepared and arranged so as to carry the 
flame rapidly from one candle to another. 
The arrangement had been so skilfully pre- 
pated that scarcely a candle failed to take 

re.” 


SEA-SICKNESS AND THE EYES 


Many people have no doubt noticed, 
when traveling by sea, that the motion of 
the ship could be seen very distinctly, even 


when there were no hanging lamps, dra- 
peries, or fixed points, such as the horizon 
or clouds, within range of sight. Some 
may think that seeing the motion in this 
way is due to the imagination receiving the 
suggestions from the motion of the inter- 
nal organs, and especially the stomach, for 
I am here supposing the body to be held 
perfectly rigid. . 

From observations which I have recent- 
ly made it seems evident to me that the 
cause for seeing the motion is entirely dif- 
ferent. In the first place, you can always 
see the motion a fraction of a second be- 
fore you begin to feel it. In the second 
place, you cannot see a perfectly horizon- 
tal motion or a gentle vertical (heaving) 
motion. In the third place, watching a 
fixed point close to you, such as a pattern 
on a carpet, when the ship is pitching and 
rolling, is far more tiring to the eyesight 
than when the ship is motionless or run- 
ning steadily. All this points to tne ap- 
pearance being due to a true relative mo- 
tion of the eyes to the ship. 


The eyes are suspended in their muscu- 
lar settings, much in the same way as are 
ships’ compasses in their binnacles. The 
eyes are, furthermore, perfectly balanced, 
so as to make their muscular displacements 
as little tiring as possible. In their normal 
position, the pull of gravity is exerted ver- 
tically through their centers, and the mus- 
cular mechanism is compensated for grav- 
ity. 

Any angular change of position will dis- 
place the eyes just as it displaces the stom- 
ach, excepting that the eyes, being a great 
deal more sensitively suspended, will reg- 
ister the displacements more quickly. It 
it not, however, the motion of the eyes 
which strains the eyesight, but the act of 
resisting this motion. 


If, with your eyes shut, you attempt to 
fix the mental representation of a point, 
which a moment previously you were 
watching with eyes wide open, you will 
find that, after one or two motions of the 
ship, the bodily feeling will precede any 
visual sensation which your imagination 
can conjure up. The imaginary point is no 
longer fixed, but follows the eyes as they 
let themselves go to the motions of the 
ship. No strain of the eyesight is caused 
by a muscular resistance, and the displace- 
ments, while felt, can no longer be seen.— 
Pittsburg Letter to London Nature. 
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ATION 
By DoucGLAss BURNETT 


The program of papers to be sub- 
mitted to the Society and the papers 
that have been read show that a great 
deal of attention is being given to the 
different kinds of lights that are avail- 
able, and the object of the writer is to 
point out the great importance of sup- 
plementing this work by more definite 
information or rules by which lights, 
and particularly electric lights, should 
be arranged for securing proper light- 
ing effects. There is a great deal of 
information available as to the differ- 
ent kinds of electric, gas and other 
lights, as to the distribution of light- 
ing in vertical and horizontal planes 
around them, and as to the perform- 
ance of the different devices using 
these systems. For instance, we may 
know the characteristics of the differ- 
ent kinds of gas lamps, arc lamps, in- 
candescent lamps, and high efficiency 
electric lamps, but when it comes to a 
question of laying down rules by 
which these different kinds of lights 
should be located for illuminating dif- 
ferent spaces and the conditions under 
which one or the other of the kinds of 
the tights should be selected for cer- 
tain circumstances, we are much more 
dependent upon the individual opinion, 
knowledge or experience of the partic- 
lar man who is arranging the lay out. 

The illuminating engineer is a 
creation of the last few years. This 
mii works in cooperation with or by 
direction of the architect, and has to 
determine what kind of light to use, 
what size lamp unit, and how to ar- 
range these units in the different 
spaces and buildings which may be 
brought to him. But so far as the 
writer knows, there is no code or set 
of general rules by which he can 


operate, which have been based on the 
experience of others who deal with the 
same problems, nor does he know, ex- 
cept by personal experience, what is 
the current practice. 

The American Institute of Electri- 
cal Engineers created a committee on 
standardization some time ago with 
markedly good results to electrical en-' 
gineering. It seems very probable 
that if we could in the same way lay 
down standards we would have made 
a great step forward, especially if we 
could get that code or set of standards 
adopted or approved by the national 
bodies of architects. 

As manager of one of our large 
electric light companies, the writer 
often sees instances where particular 
cases of illumination would be im- 
proved if there was such a code or set 
of rules which could be followed, in 
preference to leaving the matter open 
to the opinion of the particular elec- 
tric light solicitor or company repre- 
sentative, or even, as is often the case, 
to the user of light himself. 

There are certain questions of gen- 
eral policy which have developed with- 
in the last few years, as a result of 
which the central station service has 
been made more and more satisfactory 
to the users of electric light. For in- 
stance, experience has shown the de- 
sirability of furnishing free incan- 
descent lamp renewals and the first 
equipment of lamps, and of inspecting 
the condition of lamps, all with the 
object of improving electric lighting 
service. The writer personally knows 
of a case in which the condition of 
incandescent lamps in use by the cus- 
tomers of a certain company was verv 
bad, the company declined to furnish 
any lamps without selling them; a 
more liberal policy has resulted in an 
improvement of the service of fully 
TOO. pers cent, 
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The same company found that there 
were many cases in its territory in 
which excellent results came from the 
use of 5-light incandescent clusters, 
and many people were found to be en- 
tirely satisfied with the results who 
had considered the cost of wiring as 
prohibitive. For instance, we have a 
dozen or more public market houses in 
different parts of the city, each oc- 
cupying from one to three small city 
blocks, and each occupied by from 
200 to 900 separate stalls owned or 
leased by individuals who formerly 
used gas lighting. One market build- 
ing had about twenty-five electric light 
customers using pendant drop lights, 
and another building two or three arc 
light customers. We tried the regular 
arc and the low energy arc lamp and 
the pendant drop incandescent lamps, 
but could not establish the use of much 
service until we adopted the practice 
of loaning the 5-light clusters. These 
clusters generally pay for themselves 
in one or two months on the revenue 
obtained, and now there are a consid- 
erable percentage of the stalls wired 
up and using the current. The point 
of this is that this particular device 
best met the particular conditions, and 
the customers of the company were 
very quick to discover the fact. 

These are questions of general pol- 
icy which show the good results of 
giving careful attention to the differ- 
ent cases that come up, and if we could 
go one step further and lay down the 
proposed rules, we would accomplish 
still better results. It would be splen- 
did to be in position to say that the 
national body, the Illuminating Engi- 
neering Society, has said that the opin- 
ion and experience of its members in- 
dicates that under such and_ such 
conditions of space to be lighted, use 
of this space, scheme of decoration and 
color of the walls, then such and such 
lighting units should be used, located 
in such and such a way, to secure the 
best results. 

The question of lighting a certain 
railroad station came up some time 
ago, the railroad engineer stating that 
the lighting was carried out by means 
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of chandeliers, which he proposed to 
displace by larger lamp units in less 
number attached directly to the ceil- 
ing. Dr. Nichols sent the writer a 
letter,1 showing that it could not be 
definitely predicted which of the two 
methods of lighting was the better. 
The proposal to place lights on the 
ceiling without fixtures has been car- 
ried out with good results in office 
building practice, and there is one in- 
stance of a general office building oc- 
cupied by a railroad company which 
has received very careful treatment, 
the lighting being laid out on a watt 
per square foot basis, the number of 
watts varying with the different uses 
of the different rooms. 


1“The question of the illumination from incan- 
descent lamps which you propose is of considerable 
interest. I do not think, however, that a general 
answer can be given as regards the relative effec- 
tiveness of the two methods. Very much depends 
upon the reflecting power of the walls and ceiling 
of a room. Some pigments have a high absorbing 
power, and in such cases the light received comes 
for the most part directly from the lamps them- 
selves. In such a case it is desirable to arrange 
the lamps so that their mean distance from the 
regions to be illuminated shall be a minimum. One 
must of course avoid bringing the lamps them- 
selves within the direct range of the eye to avoid 
the unpleasant dazzling effect. For other pigments 
the reflecting power is so large that the direct dis- 
tance of the lamps themselves is not the chief fac- 
tor in the illumination secured. In the latter case 
it is unquestionably better where the lamps are 
placed near the ceiling and particularly where they 
are placed in lines parallel to the side walls rather 
near the latter. We have a room set aside for 
such experiments upon illumination but have been 
prevented from carrying out extensive measure- 
ments as yet by press of other work. In order to 
make a test of the matter of value it would in 
my opinion be necessary to color both walls and 
ceiling with the surface to be used in the finishing 
of the room in question. Measurements made with 
the wall and ceiling colors other than those to be 
employed in a given case would scarcely apply. 
This whole question is one of great practical im- 
portance to those who are engaged in the lighting 
of interiors and a systematic investigation of it 
should unquestionably be made. The solution of 
the problem, however, involves the standardization 
as regards diffuse reflecting power of the numer- 
ous pigments and surfaces used in the decoration 
of walls and ceilings so that the work is one in- 
volving considerable expense and large expenditure 
of time. In the case which you cite of the passen- 
ger room of the railway station, for example, the 
average illumination isin a plane three feet from 
the floor might with certain treatment of the walls 
be much greater with the chandeliers at a height 
of ro ft. than with the same number of lamps 
disposed in the ceiling, whereas with other pig- 
ments the latter arrangement might be found 
quite as good, and it would have the advantage of 
a better appearance and of securing a much more 
uniform lighting of the whole space.” 


Some of the questions which have 
arisen in the recent experience of the 
writer and some illustrations of his 


point of view are now given. 
For show window lighting, is it not 
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best to recommend against the use of 
high power lights, such as arc lamps, 
Nernst lamps, or chandeliers? Is it 
not best to recommend against the use 
of cone reflectors set into a false ceil- 
ing, on account of the poor distribu- 
tion of the light? Notwithstanding 
the display value of the lights, should 
not we recommend against the use of 
border lights in show windows, and is 
not the trough reflector the best one 
that we can adopt? To the writer the 
answer seems perfectly plain, though 
some of the central station companies 
do not seem to agree. 

Is it good practice to light a depart- 
ment store with chandeliers having 
about twenty incandescent lamps each, 
in order to get a certain effect of dis- 
play, or is it always better to use arc 
lamps? The writer has known of one 
large department store, the proprietor 
of which very much prefers the chan- 
delier method. In department stores, 
is there not a certain minimum height 
of ceiling at which incandescent lamps 
should be used im preference to ‘are 
lamps, for the purpose of avoiding the 
glare and of shortening the fixture? 

In the basement of a store where 
crockery and glassware are displayed, 
is it not important to have the lights 
arranged over the aisles instead of 
over the center of the tables, in order 
to bring the source of light over the 
customer’s head and to do away with 
shades ? 

For store fronts, should we not 
recommend against arc lights in the 
doorways, and in favor of incan- 
descent lights in the windows? 

If a department store is lighted 
throughout with a type of lamp which 
does not give the true color values 
compared with daylight, and if the 


proprietor wishes a few arc lamps for 


matching colors, it is advisable to as- 
sent, and thereby interfere with the 
scheme of lighting? 

For a millinery store where goods 
of delicate colors are shown, are not 


arc lamps preferable to incandescent’ 


lamps, on account of the color value of 
the arcs? 
Is it ever advisable to use arc lamps 


at a silversmith’s show room or a jew- 
elry store? The writer knows of one 
individually equipped  silversmith’s. 
shop with about a thirty-foot ceiling 
in which the white light of Nernst 
lamps is very much preferred by the 
proprietor. The writer’s opinion has 
been that it \culd be better to stud the 
ceiling with incandescent lamps, or 
else use clusters in such a case in or- 
der to increase the number of points of 
light, and in order to get the yellowish 
light with which people are most ac- 
customed at home. 

For drug stores, is it not always ad- 
visable to use incandescent lamps for 
general lighting, on account of the 
average store being small, and so that 
the scheme of general lighting will fit 
in with the decorative lights around 
the soda fountain? 

With concentric ceiling diffuser for 
arc lamps, what rule should be fol- 
lowed for spacing the lamps when 5- 
ampere, 120-volt direct current lamps. 
are used, and what rule for 74%4-am- 
pere lamps? 

Is it not always advisable to use an 
opalescent ball globe for arc lamps in 
interior work in order to remove the 
glare; but 1f porcelain shades are used, 
should not convex shades be selected 
in preference to concave, for the rea- 
son that the streaks of light formed 
by the concave globe will spoil the ap- 
pearance of many goods displayed? 
For instance, it will make clothes and 
suitings appear as if they had been 
through “a fire ‘or’ shad been water 
soaked. 

For office lighting, should not every 
desk or reading light either be placed 
on the ceiling near the wall, or shaded 
in order to take away the direct 
glare? 

Is it ever advisable to use a strong 
source of light such as an arc lamp 
ora Welsbach cluster, when the place 
is only large enough for a single one 
of such lamps, and in such a case is it 
not very much better to use small light 
units such as incandescent lamps? 

Is it not best to use a studded ceiling 
in a ball room in order to increase the 
sparkle on the jewels worn by the 
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guests, and is not concealed or cove 
lighting to be specially avoided for 
this purpose? 

In an art gallery, should not all the 
light be shaded and trough reflectors 
used for paintings to secure even illu- 
mination? And on the contrary, for 
art galleries with statuary, shouid not 
high power lights be used to intensify 
the lights and shadows? 

For theater lighting, is it not 1m- 
portant to place any lamps that are in 
view of the audience around or on the 
balconies against the face of the bal- 
conies towards the stage, and to care- 
fully avoid the use of stalactites and 
low-hanging chandeliers, on account 
of the glare; and for the purpose. of 
increasing the impression of the space 
being large? 

These points just recited with refer- 
ence to illumination have been put in 
the form of questions, so that if there 
is any doubt it may be cleared up, and 
some of them are given for the reason 
that there are certainly many people 
connected with lighting propositions 
whose attention has not been drawn to 
the proper treatment of them. 

The writer is quite aware that some 
central station conipanies have made 
it a practice in special cases to have a 
lighting engineer in the employ of the 
company lay down the lighting plans, 
with the expectation that they will be 
adopted by the customer, but in such 
cases the location and arrangement 
of the lights and the type of the lights 
‘selected is largely a question of indi- 
vidual opinion, as there is nothing to 
show what standard practice through- 
out the country requires as represented 
by the decision of any particular set 
of experts. Such plans have been pre- 
pared in our own office, and our cus- 
tomers have very much appreciated 
the service we have performed, but 
we desire to have a check on the ac- 
curacy of our recommendations. 
‘These are special cases. Generally the 
customer says to the electric light man 
that he thinks he will wire for so and so 
many lights, or the electric light man 
recommends that he use such and such 
‘lights disposed in a certain way, but 


another electric light man in the same 
company may recommend very differ- 
ently. We need to get an authorita- 
tive expression of opinion as to just 
what rules shall be laid down for 
guidance in such cases. 

There are several papers that have 
been presented in connection with this 
matter in past years to engineering so- 
cieties, but none of them begin to 
cover the field. There are several excel- 
lent papers on record in which meas- 
urements have been made in connec- 
tion with systems of arc lighting for 
streets, and the writer has several, be- 
ginning with the paper of Mr. A. P. 
Trotter, read before the Institute of 
Civil. Engineers in 1892, in. which 
measurements were made and the 
lines .of equal illumination were 
plotted. A few instances of such in- 
terior measurements of lighting have 
come to the writer’s attention, but the 
cases are scarce indeed. The question 
of interior illumination should be sub- 
ject to the same class of experimenta- 
tion as has been given to street and 
road lighting. 

Cohn once stated that at school or a 
working desk the minimum illumina- 
tion should be 10-meter candles with 
the Hefner unit as the basis, and that 
good lighting was represented by 50- 
meter candles. Hutchinson in 1897 
made some measurements on the illu- 
mination of the Congressional Library, 
showing that it varied from .25 to 1.87 
candle feet. Fowler in 1902 made 
some. measurements with a special lu- 
minometer, indicating that the average 
illumination was % candle foot for 
street lighting at a certain place, and 
114 candle feet for office lighting. 
Paterson in 1905 gave some measure- 
ments of street lighting by gas, show- 
ing that the illumination varied from 
.238 to .253 candle feet, and that the 
electric lighting varied from .610 to 
O20ncandies feet... Ryan in. 1905 
changed the basis of rating illumina- 
ticn by giving the results in several 
classes of illuminated spaces as from 
Y4 to 134 watts per square foot, but as 
the writer has said elsewhere in this 
paper, in order to consider any such 
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basis we must have in mind the effh- 
ciency of the light source in watts per 
candle. 

Several recent papers by Messrs. 
Cravath and Lansingh on the arrange- 
ment of lights in the home furnish the 
nearest approach to anything that the 
author has in mind, though there was 
one English paper presented about a 
year ago that made some measure- 
ments of the actual amount of light- 
ing in different rooms. 

A list or schedule of the different 
classes of buildings to be lighted should 
be prepared, as for instance, office 
buildings, department stores, small re- 
tail stores, wholesale dry goods, no- 
tions, etc., factories and railroad sta- 
tions, and the sub-heads should be 
given showing the different classes of 
rcoms in these different buildings. 
For each class a statement should be 
made showing which type of lighting 
is not suitable and giving the reasons. 
They should also show what is in gen- 
eral practice considered the best ar- 
rangement of the remaining classes of 
lights. For instance, arc lights are 
hardly considered acceptable for fur- 
niture stores and carpet stores, and 
neither are they to be accepted for 
general office work; neither are in- 
candescent lamps best suited to de- 
partment store lighting. 

And that brings up the question of 
just what is a suitable standard for 
the arrangement of arc lights in de- 
partment stores. Generally a new de- 
partment store of any considerable 
size is laid out with rows of columns 
at right angles, from 15 to 25 feet 
apart, and this architectural consid- 
eration requires that each arc lamp 
should be located in the center of a 
bay. There have been cases in the 
writer’s experience in which the loca- 
tion of arc lamps as given by the 
architects had to be changed very con- 
siderably in order to secure the best 
results. We say that an arc lamp 
should be located 12 feet from the 
floor, with one lamp to every 225 
square feet to 400 square feet of floor 
space, using the 500-watt multiple arc 
as the basis. | 


One question to be considered is, as 
to whether to make our rules on a 
basis of the number of candle-power 
or watts per square foot or per cubic 
foot, or whether to specify the foct 
candle as the unit of illumination. Al- 
ready some very good results have 
been secured by laying out the illu- 
mination on the basis of from I to 2 
watts per square foot. But this basis 
neglects the efficiency of the lamp 
unit, since I watt per square foot from 
the arc lamp would give a very differ- 
ent volume of light from the same 
figure as applied to an incandescent 
lamp; and we cannot neglect the dis- 
tribution of the light by means of re- 
flectors, since some recent papers on 
shades and reflectors (published in the 
Electrical World) show that the light 
of a 16-candle-power lamp in the use- 
ful direction may be increased three or 
four times. 

An editorial in the same paper in 
discussing methods of street lighting 
said as follows: “We would like to 
see a careful comparison between the 
various systems: of street lighting 
based, not on distribution and operat- 
ing expenses alone, but on the watts 
per mean candle foot at the areas to be 
illuminated.” It is needless to point 
out that in a comparison of the dif- 
ferent electrical methods, this basis 
would give an absolute measure of the 
efficiency of the particular method 
under consideration. 





SOME NOTES ON GAS ILLUMIN- 
ATION 


By R. M. SEARLE 


It seems that the greater portion of 
our efforts now should be devoted to 
seeing that the present consumers of 
our products are taught to use their 
lights to better advantage. To do this 
each one of us must take every oppor- 
tunity to show others how to get the 
highest efficiency out of their appli- 
arices, whether the case under observa- 
tion is in vour territory or others; of- 
ten do we see the user of illuminants 
start out with clean appliances, and as 
they become clouded with dirt they 
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have to double the unit of light in use 
and then condemn the purveyor. If 
ordinary clear glass obstructs ten per 
cent. of light, and opal globes sixty to 
seventy per cent., imagine the loss to 
the consumer when chimneys or bulbs 
build up on their surfaces successive 
laminations of opolescence, resulting 
in various percentages of loss. It does 
seem strange that it is necessary, in 
this age, to prove that it pays to keep 
clean. This loss of light due to foul- 
ing of globes, is very much more seri- 
ous where ground glass globes or opal 
globes are used, than with clear glass; 
as the fouling is so gradual and so 
near the color of the globes them- 
selves, that it takes months before they 
are so foul as to be easily noticed. In 
the meantime additional units of light 
are brought into use and expense in- 
creased to the consumer. We also 
have the same loss with Holophane 
globes, if not kept clean. 

Another source of benefit to all con- 
cerned is proper supervision of main- 
tenance. Many cases have come to my 
notice where a consumer starts out 
with a home equipped throughout with 
incandescent gas lights; first, the light 
in the kitchen gets wrecked, then hall 
light is wrecked, then servants’ room 
light is wrecked; just about this time 
a vendor arrives with a supply of alu- 
minum tips, and the consumer re- 
places these lights with them, with the 
result that his cost of lighting is imme- 
diately doubled. Here is one of our 
greatest fields of opportunity to edu- 
cate and convince the consumers of 
our being able to help them, if they 
- will appeal to us. 

This also illustrates the value of in- 
spection of old consumers’ premises 
and keeping in touch with them; their 
children, bear in mind, are our future 
customers. 

Since my first attendance at one of 
the mettings of this Society, I have 
given a great deal of thought to vari- 
ous points that have come to my notice. 
One is the great necessity there is to 
get more wisdom in distribution of 
light in homes of people of moderate 
incomes. For instance, why not more 


often, where design permits, place hall 
lights where they serve to illuminate 
the hall and throw soft rays through 
parlor or living room door; why not 
place kitchen light so that major por- 
tion of lights are thrown on sink, table 
and range; why always in middle or 
only on side of kitchen? It is just as 
much our duty to make our service 
practical as it is to make it artistic. 

Another phase of the subject is the 
selection of the proper color of light or 
globe for a given decoration. People 
are, and will continue to use the 
schemes of interior decoration most in 
vogue; when changes are contemplat- 
ed we can do good work by advising 
together on just what type of light 
and globe should be used. 

In older homes, and many new ones, 
imitation candles with small inefficient 
tips are found; it is seldom that all the 
tips on these chandeliers are brought 
into use, and when they are it is gen- 
erally on “state’’ occasions, while the 
rest of the time the consumer is using 
gas as extravagantly as possible; it 
is our practice to substitute the best 
type of tip obtainable, arrange them 
so their edge is in line with the cen- 
ter of fixture this gives all the light, 
does not to any extent injure the 
effect. and if a “state’’ occasion ob- 
tains, we are thanked for the excellent 
service given that night. This is one 
of the conditions in lighting by gas 
that is well worth following up. 

When we undertook the changing 
of candle tips to efficient burners we 
met some skeptics who thought the 
plan was to increase their bills instead 
of helping them. I designed a rubber 
socket, carrying a standard open-flame 
burner; our men in the consumer’s 
presence first lighted the small tip and 
adjusted cock, then they blew the light 
out, slipped the socket over and lighted 
good tip, showing the consumer the 
difference between using the same 
amount of gas through an inefficient 
tip and through the best to be had. In 
the language of the “patent medicine 
man,” this has convinced the most 
skeptical. 

Another source of criticism is the 
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use of globes with bottom openings of 
small diameter; this causes draughts 
up through globe, that in turn set open- 
flame burners flickering badly, causing 
eye weariness and in many cases the 
substitution of oil lamps; globes and 
holders are cheap. It will pay us to do 
all we can to wipe out the use of the 
old type of globe; many thousands are 
still in use. 

While I appreciate that incandes- 
cent gas lighting is largely on the in- 
crease, open flames will be used a long 
time after we are gone, and anything 
we can do now is bound to pay in the 
long run. 

By encouraging the use of portable 
reading lamps we can economically 
serve our consumers almost regardless 
of the decoration of the room. If 
portable lamps in some cases are im- 
possible, more side outlets should be 
put in. It is well from every stand- 
point to increase the number of side 
outlets on new work. 

We frequently find that one or more 
persons in a household prefer differ- 
ent rooms to read in, and if side lights 
are in you can equip consumer with a 
suitable light to read by. Reading 
lights are the best long burning units 
of light in domestic use. 

Before ending these remarks I want 
to urge of you to try to help our cause 
along by giving the consumer the ben- 
efit of our knowledge and that no one 
be allowed to “knock” any system of 
illumination, decoration or design, but 
lend his help in the true sense of the 
word. 


DISCUSSION 


Mr. V. R. Lansingh:—Mr. Burnett says 
“For show window lighting, is it not best 
to recommend against the use of high-power 
lights, such as arc lamps, Nernst lamps or 
chandeliers? Is it not best to recommend 
against the use of cone reflectors set into 
a “false ceiling, on account of the poor dis- 
tribution of the light? Notwithstanding 
the display value of the lights, should not 
we recommend against the use of border 
lights in show windows, and is not the 
trough reflector the best one that we can 
adopt? To the writer the answer seems 
perfectly plain, though some of the central 
station companies do not seem to agree.” 


I do not agree entirely with the author, 
and shall take up some of the points on 
which we differ. In the first place, a cus- 
tomer generallly puts light in his window 
in order to display his goods, although this 
is not always the case. Sometimes lights 
are used purely to attract the passer-by, but 
generally speaking a man puts lights in his 
window in order to display the goods there- 
in. In order to display goods well, it is 
necessary to hide light sources from the 
eye, and this absolutely precludes the use 
of border lights, unless they are thoroughly 
shaded. There are a number of cases in 
New York which I have in mind, where 
border lights are used with good effect, but 
the lights are shaded by means of oval. 
ground glass or aluminum reflectors. and 
the illumination is very good. Of course, 
these can have a strong illumination of 
goods, and a soft decorative light in the 
window. This has been tried in many 
cases, and in such case a soft light from 
the chandelier or some other system, with 
well-shaded globes, sucn as opal or ground 
glass, or something of that kind can be 
used with good effect and attract the passer- 
by, but you must not depend on this means 
for the illumination of the window. There 
must be other lights. Under such circum- 
stances it is, therefore, in my opinion, un- 
desirable to use arc lamps, Nernst lamps, 
or chandeliers for light, unless, of course, 
such lights are placed very high and pro- 
vided with proper reflectors to throw the 
light down. 

“In regard to the use of trough reflectors 


_as opposed to cone reflectors, it is my opin- 


ion that the trough reflector is not, gen- 
erally speaking, as efficient as the cone re- 
flector, for ‘this’ reason” that the: ‘latter 
catches the light from the incandescent 
lamps on all sides and throws it down. 
The trough reflector, on the other hand, 
catches the side light, but does not catch 
the under light and throw it down. The 
photometric curves of the cone reflector 
and the trough refiector show this very 
well. If, however, you want to light the 
back of a window as well as below, the 
trough reflector is the best. From tests 
published in the Electrical World some 
time ago, it appears that a trough reflector, 
with a certain number of lights, gave 60 
candles on the horizontal, which would 
light the back of the window well, and 
gave about 120 downward. But for the 
man who is displaying his goods on the 
floor of the window, that would not be 
efficient. 

Mr. Burnett asks: “For store front, 
should we not recommend against arc 
lights in the doorways, and in favor of 
incandescent lights in the windows?” I 
think that it is demonstrated from the re- 
marks I have just made, that an arc light 
should never be used for lighting a win- 
dow by placing it outside. 

Another question is—‘“Is it ever advis- 
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able to use arc lamps at a silversmith’s 
show room or a jewelry store?” One of 
the handsomest jewelry stores in the coun- 
tryeiss Weeson’s, at Salt ‘ake’ City. They 
have adopted arc lights for lighting the 
store proper, and the effect on the jewels 
is very fine, especially on diamonds, the 
specialty of ‘this firm, the color of which 
is brought out better by the arc light than 
even by daylight. A stone which has only 
a slight tinge of blue under daylight, and 
none under the incandescent lamp or the 
Nernst lamp, shines with a brilliant blue 
under the arc, due to the violet rays of 
the arc itself. For this reason they do not 
use an opal globe, which would modify the 
color of the light. 

Another query is—“For office lighting, 
should not every desk or reading light 
either be placed on the ceiling near the 
wall, or shaded. in order to take away the 
direct glare?’ With respect to writing 
desks, there are a number of considera- 
tions to be taken into account. First, the 
light should be fairly strong, and in my 
experience I believe it should vary from 
3 to 5 candle-feet, normal to the horizon- 
tal. Too much light, however, is more 
often used than too little. The chief en- 
gineer at Marshall Fields’ establishment, in 
Chicago, told me one time that the amount 
of light used by the bookkeepers in their 
stalls in the building had been multiplied 
five times since he took charge, and that 
there were only one or two, and they were 
recent additions to the bookkeeping force, 
who were not wearing glasses, due partly 
to the excess of light, and partly to re- 
flection from the olaze of the paper—and 
lamps are so placed that light falling on 
the glazed paper is reflected in large meas- 
ure ‘directly into the eye, which contracts 
the pupil and tires the retina, finally re- 
sulting in the use of spectacles or the call- 
ing for more light. To light a desk prop- 
erly, the light should come from the left 
hand side in case a man is right-handed, 
and from the right hand side in case he is 
left-handed, so as to prevent shadows be- 
ing thrown on the paper from the hand; 
and it should come from the side, or a lit- 
tle behind, and not from the front. The 
room should also be somewhat lighted, so 
that a person looking up will not have a 
sharp contrast between a brilliantly lighted 
desk and the darkness of the room. 

Another query made by Mr. Burnett is 
as follows: “For theater lighting, is it not 
important to place any lamps that are in 
view of the audience around or on the 
balconies against the face of the balconies 
toward the stage and to carefully avoid 
the use of stalactites and low-hanging 
chandeliers on account of the glare and 
for the purpose of increasing the impres- 
sion of the space being larger” I -thor- 
oughly agree with the writer in this sug- 
gestion. I do not know of anything more 
tiresome than to sit in the rear part of a 


‘weeks ago. 


around his room, 
_ badly fitted fixtures : 
thoroughly 
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theater having lights placed on the under 
side of the balcony.. You have to look 
against the lights—the pupil of the eye 
contracts, the retina becomes strained, and 
you go home with a headache. 

Speaking of arc lights, Mr. Burnett says: 
“For instance, arc lights are hardly con- 
sidered acceptable for furniture stores and 
carpet stores, and neither are they to be 
accepted for general office work. Neither 
afe incandescent lamps best suited to de- 
partment store lighting.” I will take up 
the last sentence first. Some of the best 
illuminated department stores in the coun- 
try are not lighted with arc lights. The 
store of Marshall Field, in Chicago, is 
perhaps the finest store in the world, and 
at present incandescent lights are used en- 
tirely, but if I am correctly informed they 
are going to change a large part of the 
store over to Nernst lamps. The matter 
of color effect, of course, comes in in de- 
partment store lighting. I am not pre- 
pared to say whether the color of the 
Nernst light or the color of the arc light 
is best suited for matching goods, although 
my opinion is that the arc light is better. 
If, however, a department store desires to 
furnish suitable accommodations for match- 


ing goods properly, they should have sepa- 


rate rooms, with different kinds of light- 
ing, and customers can examine the goods 
in the kind of light in which they expect 
to use them. : 

Dr. A. H. Elliott:—The question of in- 
terior illumination’ from a gas man’s point 
of view has been very ably presented by 
Mr. Searle, and I do not know that I can 
say much in criticism of his paper, except 
to corroborate in large measure what he 
said. As he was reading his paper and 
he was talking about the illumination by 
candle tips, imitation candle tips, it re- 
minded me of the incident of not many 
I was at dinner in a hand- 
somely decorated private dining room up- 
town, and there were 16 double brackets, 
32 lights, in a room 25 feet long and 20 
feet wide. There were also a number of 
candles on the table, but I can assure you 
it was quite difficult to see details of the 
things on the table, such as the outlines 
in the doilies and other details of the table 
linen. Each of these burners was consum- 
ing, as I estimated at the table, about two 
feet of gas per hour, so that my friend 
was burning about 64 cubic feet per hour 
in badly arranged and 
yet he was a man 
cognizant of gas and gas 
affairs. When I called his attention to it 
afterward and asked who installed the fix- 
tures, he said: “Do you know, I never 
gave it any attention at all; the decorator 
put those things up for me.” I replied I 
thought I had better send you a man 
around and have them changed. I sent 
the man around and he changed them, and 
the next time I met my friend he said that 
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it was a revelation—he did not know that 
he had such a pretty dining room. He 
was burning about twice the amount of 
gas there was any necessity for, and he 
was not seeing the pretty things the archi- 
tect intended him to see, and yet if he 
had consulted a gas man, or a man who 
knew anything about interior lighting, he 
would have obviated just such an absurd 
arrangement. Jt is a fact that decorators 
very rarely consult illuminating engineers. 
I hope this condition will be chanved. 

As to globes with small openings, if there 
is anything a gas flame needs it is a nice 
supply of air, not too much, but enough 
to keep the products of combustion clearly 
away from it. A lot of old-fashioned 
globes are not only small, but probably the 
holder underneath is made of thick metal 
that still more contracts the opening. The 
old type of chandeliers retained in many 
of our best houses to-day, hang on to the 
old fixtures because they are old,—because 
they make such cheap things to-day, etc., 
these are solid brass, which belonged to 
my grandfather, or something of that kind, 
—these old type of chandeliers give most 
miserable results in illumination. If they 
re-decorate their house the old chandeliers 
remain. They are sent back to the finish- 
ers to be re-finished. I visited a house in 
New York which has two splendid chan- 
deliers, beautiful pieces of work, great fix- 
tures, fine decorations. I have known these 
chandeliers to be in place for twenty-five 
years. I do not know how long previous- 
ly they were in use, and every once in a 
while they are taken down and sent to thc 
finishers to be re-burnished, to be re-gild- 
ed, and they are put back again into the 
same old globe fixtures on them. 

One important point touched on by Mr. 
Burnett in his paper, and Mr. Searle, too, in 
his paper, is something many people do not 
realize, and I hope some day or other this 
Society will bring it out in full force, and 
that is the matter of eye fatigue. Perhaps, 
those of you who have worked in a dark 
room taking photometric observations will 
know what it is to take a sight light, from 
the sight box and then to look out at a 
bright light, if only for a second. If you 
put the eye: back on the box again you 
cannot see the disc. That is what happens 
to the eve under ordinary circumstances, 
especially at the present time. There is a 
constant tendency to give more light and 
more concentrated light. It is the aim of 
the maker of the Welsbach burner; it 1s 
the aim of the maker of the incandescent 
electric light. Now, in addition to the con- 
traction of the pupil of the eye, there is 
something far more important going on in 
the eye, which is perhaps not generally 
known. Maybe some of you gentlemen 
who have paid attention to optics and kept 
up with the researches ‘of the. German 
physiologists, will know what I mean when 
I talk of the visual purple. On the back 


part of the eye, the ends of which are pre- 
sented to the light, is a beautiful pigment 
called the visual purple, and the effect of 
the blue and purple rays of light is to con- 
sume that material. Kuhne and quite a 
number of other physiologists have studied 
this action carefully. The blue and yellow 
rays, which are prominent in our white 
lights, are the most destructive of that par- 
ticular pigment, and that is more, perhaps, 
the reason why our eyes become fatigued 
than the excess of light, for if you use 
a yellow light, as, for instance, a bright 
yellow light, it -is not so apparent as a 
bright electric light or a bright Welsbach 
light. I come to that conclusion from ac- 
tually working with different lights. I can 
take a 40 candle-power, round-wick, oil 
lamp, and sit and work with it for hours, 
writing and reading, and I will not be fa- 
tigued nearly as much as | will if I use 
an incandescent electric light or a Wels- 
bach light. The reason is not that my pu- 
pils are not active, but that the power of 
regeneration of this particular pigment of 
the eye does not keep pace with its de- 
struction. I hope that at some time this 
question will be brought out more fully 
by some one more competent to handle it 
than I am. It is a. physiological subject, 
rather than one of interior illumination, 
and perhaps I have diverted from the sub- 
ject in hand somewhat by speaking of it. 

The President:—It may be usurping the 
function of the Committee on Papers, but 
I may announce that at the June meeting 
of the Society there will be a paper on the 
physiological effects of light. 

Mr. Waldo S. Kellogg:—The statements 
just made by Dr. Elliott, about the in- 
tensity of illumination, appeal to me very 
strongly. It seems to me that the constant 
tendency is to have the lights very bril- 
liant and to produce a great effect, but as 
an architect [ hear more complaints that 
arise from very great brilliancy of sources 
of light than from lack of light itself. A 
person working in a room illuminated by 
brilliant sources. of light is apt when he 
raises his eyes, to encounter brilliant spots 
of illumination in the line of vision, and 
then when he lets his gaze fali upon his 
work he is partially blinded and, too, com- 
plains that his table is imperfectly lighted. 
IT know of a recent case where there was a 
great deal of complaint, on account of lack 
of light in one part of the room. I was 
reasonably certain that there was not only 
an abundance of light, but really more 
light than- was needed in that part of the - 
room. In another part of the room was 
a table not much used, but so arranged 
that a person sitting there had his back 
to all the other lights in the room, the 
light came from overhead and behind. 
Some rough measurements made of these 
two ‘particular localities, showed that there 
was only about one-third of the illumina- 
tion in candle-feet on this table where the 
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light came from behind and overhead, as 
compared with the table at which the men 
were stationed who were complaining con- 
stantly. It was a revelation to the person 
making the complaint. I believe more at- 
tention should be given to the question of 
the diffusion of the light, getting rid of 
brilliant surfaces in the line of vision. I 
think it will do more to make people happy 
and contented with their condition than 
any other thing that can be done, with re- 
spect to lighting. 

Mr. Thomas J. Lytle:—The effective il- 
lumination in a room, in my estimation, de- 
pends not entirely upon the system of 
lighting—egas or electric; they are both ob- 
jectionable if you look directly at the light. 
Nothing tires the eye more than to look 
directly at any kind of light, and the im- 
pression that most people have in regard 
to the Welsbach mantle is that they think 
of it as a glaring white or greenish white 
source of hght, which is extremely objec- 
tionable. At the starting of the Welsbach 
system of lighting this was true, and to 
some extent is true to-day. By that I mean 
there are a great many lights and a great 
many mantles bought by the public and 
placed in their houses which give this glar- 
ing white and objectionable light. It has 
been the aim recently in all the convention 
work the Welsbach Company has been do- 
ing throughout the country, and in lectures 
given to the gas companies, to steer the 
people around the other way—to the use 
of a yellow or mellow white mantle. It is 
perfectly possible to supply a mantle which 
will give a mellow white light rather than 
the glaring white or greenish white light, 
which is so objectionable, and it is only a 
question of a short time when the people 
will realize it. As an instance: I was in 
Detroit about two years ago, where they 
were using the stereotyped mantle, prob- 
ably more white than mellow, and in speak- 
ing of the illumination at that time I men- 
tioned that it was desirable to use the 
mellow light; but they stated they pre- 
ferred to use the white light because they 
thought from a light standpoint it was 
preferable. The sunlight, and as Dr. EI- 
lott mentioned, the oil light, are mellow 
lights, and it is our aim to supply that 
kind of a light. .It is not an optical illu- 
sion, but a fact, that the white mantles do 
not actually give as much light as the mel- 
low white mantle. I am speaking of a 
mantle composed of 1 per cent., or slightly 
more ceria, and 99 per cent. thoria. The 
mantles peddled from house to house are 
usually extremely white. I have gone into 
this matter at considerable length, to show 
you that the system is greatly changed, that 
the Welsbach light is gradually being 
changed from the glaring white light which 
you oe st knew as a Welsbach light, to the 
mellow white light, the light of the pres- 
enitie: 

As to the illumination in a room—did 


you ever go into a very dark cellar with 
a candle and have to grope your way 
about, the light seemingly being swallowed 
up by darkness everywhere? Did you ever 
go into another cellar, with cement floors 
and whitewashed walls, and where you 
could see perfectly with one candle? This 
is simply a question of interior decoration. 
Our rooms are very often covered with 
dark, dull paper, which absorbs probably 
go per cent. of the light, and we wonder 
why we do not get a satisfactory effect 
from our lighting. We do not reflect our 
light—we are simply swallowing it up. We 
are burning three or four burners: or bulbs 
that are really not giving any good effect. 
I think the nicest effect in a room is ob- 
tained by using the mantle burners, or tint- 
ed incandescent lamps, having a light ceil- 
ing, and dropping the ceiling to the guard 
rail seven feet from the floor, thus provid- 
ing a canopy or reflector over the entire 
room. If this is a cream or some other 
pleasing color, the light, either from the 
mantle burner or the electric lamp, is given 
back into the room, which is filled with 
light not hurtful to the eye but very pleas- 
ing. I have recently had my own house 
re-papered in that way, and the effect is 
truly wonderful. One burner in a room 
now will give an effect which required two 
burners before, and the effect is now more 
pleasing, because the more light used the 
harder the light is on the eye, particularly 
if it is an exposed light. 

In store window work, I think it is con- 
ceded that the source of light should be 
obscured, and whether or not we should 
use reflectors, and the type of reflectors to 
be used, are questions. If you are showing 
light goods in the window, you should have 
a dark background, and have the light on 
the goods, or vice versa. In any event, you 
should certainly not show the source of 
light. The inverted gas mantle has be- 
come quite popular, and while it is prob- 
ably too soon to give out any decided in- 
formation, we find the inverted gas light 
very efficient, six candles per cubic foot. 
The decorative possibilities are very great. 
It is possible to cover the light on the 
sides, and have a decorative globe which 
is open below, which will allow the light 
to pass through without striking the eye. 
There are reflectors of different designs 
for use in connection with store window 
lighting, which give very fine results. 
There is one reflector, in particular, a cone 
reflector, which we tested for two days, 
and gave 277 candles directly below the 
burner. I do not doubt we shall get much 
higher results. The results from that form 
of lighting, I imagine, will be very satis- 
factory from the decorator’s standpoint. 

I think we all agree that satisfactory 
lighting is largely a’ matter of the proper 
selection of glassware, whether it is gas 
or electric, and the proper tinting of rooms. 
It is quite a general practice, both in the 
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case of gas and electric light, for a solicitor 
to get as many lights in a room as possible. 
I am speaking of new buildings, and wir- 
ing old buildings. If a peddler comes in 
to sell incandescent gas lamps, he will try 
to put on as many burners as possible. 
That is something which we should try 
to correct. I think both gas and electric 
companies should make some attempt to 
educate their solicitors. You can sit here 
and decide what is the best way to illu- 
minate a store, but your solicitor goes out 
and perhaps does it the other way. I was 
over to New Jersey to-day, and coming 
back on the boat I saw an exhibit of holo- 
phane globes. I think they are very use- 
ful when properly installed, but the globes 
on the boat were installed one-half up and 
the other half down, and certainly either 
those that were up or those that were down 
were wrongly placed. That is something 
we must guard against. If it is a holo- 
phane it should not be turned upside down; 
if it is a window light, it should be ob- 
scured; if it 1s a reflector shade over a 
desk, the light should be shaded, and 
should come from the side or rear. 

NMce osepi Bao lsracis = Phere ois smone 
point not touched on in the discussion, and 
that is the question of mixed lighting, not 
only the mixing of gas and electric lights, 
but the mixing of different types. of elec- 
triclight-<- Phat vou, wallallvacres is. a 
point that must be guarded against very 
carefully. I do not think there can be 
any contrary opinion on that proposition. 
It may be, a consumer properly requires 
the different classes of lighting, but he 
should have certain purposes for each, and 
the lighting should be so arranged in his 
installation as to restrict each clase of light- 
ing to its purpose. I think that for gen- 
eral illumination we should have large 
units of light. The Philadelphia Electric 
Company had occasion to illuminate some 
railroad office draughting rooms and we 
substituted for the previous illumination 
the new type of high-efficiency incandes- 
cent lamp, and it has given very satisfac- 
tory results. The concentric diffuser, in 
conjunction with the arc lamp, has proven 
very satisfactory for the recording room 
of the Booklovers’ Library corporation, a 
room which is very large and in which 
they employ many young ladies to do their 
detail work; the former idea of lighting 
such a room would probably have been to 
have an incandescent lamp at each table, 
over each operator; but we find that the 
substitution of larger units and the gen- 
eral diffusion of the light has proved more 
satisfactory and less harmful to the eye. 

We had not anticipated in Philadelphia 
the formation of a general society to take 
up this work. but. we found the necessity 
for such a department and in our com- 
pawy we made it our business to look after 
these details of illuminating engineering. 
We did not cover it under that title, but 


called it “The Commercial Inspection De- 
partment,” and it’ has been in existence 
some years. One point which appealed to 
me personally in the formation of this so- 
ciety, is in the establishment of cordial re- 
lations between the different interests hav- 
ing to do with illuminating engineering, 
and in particular with respect to the archi- 
tects and the contractors. We must work 
in harmony for the benefit of the consumer 
for the ultimate good of all concerned. To 
return to the department of which I spoke, 
I will read a brief extract from a paper 
we had prepared for a society among our 
own employees: 

“This department investigates the com- 
mercial features, irrespective of any elec- 
trical or meter conditions. It is immedi- 
ately under the direction of the business 
office, and is in charge of an inspector who 
makes a special study of such conditions 
as candle-power effect, color and shade ef- 
fects, etc., covering broadly the entire field 
of woodwork, wall paper and natural light 
conditions; consulting the tastes of the 
consumer, and determining whether the 
electrical equipment shall form a compo- 
nent part of a study in decorative art, or 
shall simply fulfil the more practical and 
prosy duties of throwing light upon~the 
surrounding objects. 

“This inspector is in touch with deco- 
rators, fixture manufacturers and _ archi- 
tects, and does not talk to consumers about 
kilowatts, volts and amperes. His argu- 
ments are along the lines outlined above. 
in addition to paying particular attention 
to the candle-power and arrangement of 
lamps. By frequent experiments he dem- 
onstrates the point which he attempts to 
convey, thus giving to the consumer more 
satisfactory results, and a proportional de- 
crease in expense by checking all useless 
extravagance. He goes farther and proves 
to a consumer’s satisfaction that in many 
cases he may not have been using the light 
to the best advantage, depriving himself, 
under certain conditions, of a large amount 
of illumination by the use of poor shades 
or badly arranged outlets.” 

Now, it might seem that some consum- 
ers would resent this, but they do not. 
They appreciate the efforts of the light- 
ing company to give them better illumina- 
tion. I have in mind the case of one of 
our most prominent furniture stores, where 
they repainted the interior walls of their 
entire building on the suggestion of our 
inspector, thus showing that they fully ap- 
preciated what he said and were willing 
to go to some expense to carry out the 
recommendations. In addition, we issued 
a circular letter, which is headed “The 
Distribution, Diffusion and Concentration 
of Electric Light and Its Importance.” This 
was sent to our customers and others. An- 
other letter was issued along the same 
lines, to architects and electrical contrac- 
tors. These letters contained recommen- 
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dations with reference to the arrangement 
of the electric lights and the appliances to 
be employed. We feel gratitied in the 
fact that we have especialiy cordial rela- 
tions in taking this stand to pay particular 
attention to illuminating engineering, not 
only with our consumers, but also with the 
architects and contractors, These cordial 
relations are all very well in themselves, 
but the question of education is also to be 
considered, and a society like this, bring- 
ing the architects and the contractors into 
association, will tend to educate us all. 


I have in mind a large residence in which 
an elaborate fixture was placed in the din- 
ing room—I also dine there occasionally, 
like Mr. Elliott. There was a large waste 
of light in this room on account of im- 
proper switch installation. This did not 
touch on the electrical or mechanical end 
of the business, but was properly a part of 
the illuminating engineering. There was 
a center fixture over the table, containing 
not less than 16 lamps, and when the but- 


ler dressed the table and prepared the din-. 


ner, he probably: used more illumination 
before and after the dinner than was used 
during the progress of the dinner. When 
it was pointed out to the owner of the 
house that a regulating switch could be 
attached to the base of the fixture, by 
which he could control the number of 
lights used, he was very much surprised, 
as the matter had not entered his mind. 


Mr. John Campbell:—I think we are all 
gradually coming to understand that a 
great deal of the trouble in poor illumina- 
tion has come from the fact that the con- 
sumer or user of light has had in the past 
to depend on the different statements made 
by the different sellers of apparatus. One 
particular tip manufacturer or lamp manu- 
facturer would make certain statements 
and his competitor would go out and make 
statements that were radically different in 
order to sell his own goods. Now, in both 
cases, without doubt, part of their state- 
ments were true. The rest of the state- 
ments were simply made to sell the goods, 
without considering the conditions under 
which they were to be used. It seems to 
me that the whole trouble with illumina- 
tion has been that the rule-of-thumb has 
been used too much—the subject has been 
considered generally, rather than taking 
each separate lighting condition and treat- 
ing it in, and of itself. I had a case re- 
cently in laying out some light, and after 
the work was installed a complaint came 
from the excessive use of current. Part of 
the trouble was caused by the switches, 
and that was easily remedied. Another 
question was the unit of light and proper 
shades, and these were very readily rem- 
edied. Then the question came up for a 
. new house, and when I mentioned to the 
parties that measurements could be made 
to guide in placing the lights, they were 
very much surprised to find that such a 


- would have. 


thing was possible. We have a work to 
perform with the public in making them 
aware of the fact that the installation of 
lights is an important matter. They should 
be made to understand that it is possible 
tc lay out scientifically the plan for light- 
ing a house, and to make this matter more 
generally understood should be one of the 
first missions of this Society. 


Mr. T. R. Beal:—This is the first meet- 
ing I have had the pleasure of attending. 
I was at a dinner to-night before I came 
here, at which there were gas engineers 
exclusively. I got an impression at that 
dinner that there were very few gas men 
telonging to this Association. Imagine my 
surprise, when I come here to-night and 
find that most of the discussion has been 
on the subject of gas. I am connected 
with two companies up the State, combin- 
ing the gas and electric business. During 
the last six or seven years my experience 
has been in both lines of business. I am 
very glad to hear the discussion here to- 
night on the gas question, because my sym- 
pathies are with the gas consumer. I be- 
lieve, judging from my experience, that the 
chief source of revenues for illuminating 
companies in most of: the cities of this 
State is from the consumption of gas; that 
is to Say, in a given city the greater rev- 
enue would be from gas illumination rather 
than from electrical illumination, leaving 
out the power customers and the display 
Iiighting that the electric light company 
Gas-light is the light the 
great majority of people use, the poor and 
middle class people. With all due respect 
to our friends of the Welsbach burner, 
they foisted many modern Welsbach fix- 
tures on the customer that have no ap- 
parent relation to the fixtures now in use. 
A complete change has to be made to have 
the fixtures look artistic. It is obviously 
wrong to put a go-candle-power Welsbach 
light in a small room. I am very glad to 
hear from the gentleman who spoke for 
the Welsbach company that they are try- 
ing to introduce 2 mellow light for domes- 
tic use. I have had some experience my- 
self this winter with lighting. I took a 
furnished house which I rented for the 
season. On moving into it I found it light- 
ed exclusively with what is called the Kern 
burner. It was so badly lighted, so bril- 
liantly lighted, so greenishly lighted, that 
there was danger of my hating my best 
friend whenever I saw him in the light. 
I had it changed, and I found that the 
Welsbach people are now making a small 
mellow burner which gives perhaps less 
than half the candle-power of the large 
mantle, but which makes a very agreeable 
interior illuminating agent when it is prop- 
erly used. . 

Apparently all the people in this line of 
business are tending toward the same di- 
rection—that is, toward a more scientific 
study of illumination. Early this winter, 
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before this Association was talked of, we 
had proposed in the two cities with which 
4 am connected, to start a special depart- 
ment on scientific and artistic illumina- 
tion for the purpose of advising our cus- 
tomers, feeling it is not the thing to sell 
them all kinds of gas burners, most of 
which are used improperly. I think it may 
be said, for the electric customers—not the 
larger buildings nor theaters and hotels— 
but the houses of the wealthier patrons— 
that. they will be artistically illuminated be- 
cause they can afford to employ special tal- 
ent, architects and illuminating engineers, 
if you please; but there is a great oppor- 
tunity for advising. the smaller customer 
as to what he should use and not leave him 
to the mercy of any fellow that comes 
along and has something tc sell. I think, 
however, there might be some danger in 
the title of “Illuminating Engineer” unless 
we agree on what we are going to advise 
our customer. It is not enough, in my 
opinion, to say what the most efficient light 
should be, because it is apparent we might 
recommend a green Welsbach light, or a 
Cooper-Hewitt lamp—there is the other 
side to the question, and it seems to me a 
good thing to have the co-operation of the 
architects, the people who deal with the 
artistic side especially, to advise with use. 
I think we operating men ought to hail 
with a great deal of pleasure ‘the coming 
of this society. 


Mr. A. D. Page:—Within the last two 
years there has been great advancement 


made in reflectors for the purpose of dis- - 


tributing light. Reflectors have been pro- 
duced which will give almost an even dis- 
tribution of light in three different ways, 
according to the intensity required, but up 
to date there are few fixtures which have 
een manufactured for holding these re- 
flectors. The fixtures which have been de- 
signed to go into stores and houses are 
fargely a mass of brass and glass, in which 
the light is a mere incident. It seems to 
me that nothing can be done to establish 
effective illumination more than closer co- 
operation between fixture and_ reflector 
makers in the design of fixtures that will 
be artistic, and in making scientific illu- 
minating appliances instead of there being 
simply a mass of brass in which the light- 
ing has to be much more intense than there 
is any necessity for in order to get any 
effective illumination at all. 

Mr. Kellogg:—I think Mr. pee sug- 
gestion is very good, and I think it would 
be excellent if the reflector people would 
take heed. I think, however, you will find 
that the fixture man would require at the 
start that the design of his fixture be taken 
and the globes, reflectors, etc., be adapted 
to this design. 

Mr. W. D’A. Ryan:—People have be- 
come so accustomed to strong light, it is 
going to be hard to convince them of the 
advantages of soft or diffused light. I 


have in a number of cases where illumina-~ 
tion was provided—perhaps 50 per cent. 
more than was actually needed—I heard 
complaints because the presence of some 
very bright points made certain objects ap- 
pear gloomy and the light was not consid- 
ered satisfactory. The question of the 
proper color of light, for the illumination 
of storés,;isa'very broad one. ° Lake’ the 
case of a’ department store in, say, a seven- 
story building, the first, second, third and 
fourth stories to be lighted. If they sell 
75 or 80 per cent. of dress goods, they will 
naturally wish to sell them under day- 
light; on the other hand, if they are sell- 
ing evening goods, it is an evening light 
proposition. Kitchen utensils, etc., such as 
are sold in the basement, etc., would be 
best displayed by .a yellow light. In fur- 
niture stores the furniture will look its 
best under a yellow light. If you have 
arcs ‘you are obliged to trim them every 
125 hours, and are constantly knocking the 
varnish off the furniture. 

A millinery proposition is a white light 
proposition. As to the jewelry store, that 
is open to some discussion. Jewelry, aside 
from the diamond itself, flattens very much 
under white light. Turn a white light on 
any jewelry store, where they have glass 
cases, and then flash the white light off and 
put a yellow light on, and the jewelry will 
stand out much better. It is better to have 
many small sources of light, particularly 
to display diamonds. If you expose a 
light without filtration, the intense illumi- 
nation striking into the diamond will af- 
fect the eye and you cannot tell what you 
are buying. It is merely a question of in- 
trinsic brilliancy, intensity of illumination 
on the pigment of the eye, the amount of 
light concentrated on a point, and that de- 

pends on the size of the point. 

Evening rooms are probably a good thing: 
in large stores, but of limited application. 
If you have 50 per cent. of evening goods 
and 50 per cent. of white goods, the chances 
are you will be required to adopt a white 
light. As to window lighting, that requires 
concealed sources, and the incandescent re- 
flector is pretty hard to beat. It is out of 
the direct line of vision, and while you 
may lose a little stray light, at the same 
time the tendency to produce spots is less 
than with the cone reflector. 


Mr. R. M. Searle:—I wish to refer to a 
case of eye fatigue which came under my 
notice last week. There is a literary man 
in our town who starts in at 7.30 P. M. to 
edit matter which his wife prepares dur- 
ing the day. She is a rapid writer and 
writes 100 sheets of matter which the hus- 
band corrects at night, light being fur- 
nished by a half dozen gas jets, three in- 
candescent lamps and an oil lamp, and 
strengthened by two pairs of eyeglasses. 
One night when he criticised the electric 
company because of lowering the voltage, 
I induced his wife to let him start off with 
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the usual number of lights, and when he 
got wrapped up in his work to turn off 
one unit of light at a time. The result was 


that she now has him down nearly to a.. 


single unit of light, and he goes on cor- 
recting manuscript ‘until 3 o’clock in the 
morning without fatigue. 

Mr. E. L. Elliott:—Dr. Kellogg brought 
up one point I think is interesting, with 
reference to the fixture designs, when he 
said that the manufacturer of reflectors 
would have to conform his lines to the lines 
of the fixture makers; in other words, the 
designer of the optical apparatus must 
change the optical laws to conform to the 


quibs and quirks the brass manufacturer . 


chooses to put in his design. It seems to 
me there is the root of the evil in the man- 
ufacture and designing of fixtures in so far 


as they are unsuitable for the purposes for, 


which they are intended. As a matter of 
fact, a fixture should be first a mechanical 
appliance, and second a work of art. If 
the designing of the fixture interferes with 
its manifest purpose, it is absurd as a piece 
of sart.) Put;.om as many curves as you 
please, but do not destroy its use. 
painting is a good thing, but not on a but- 
ter bowl, because it prevents the use of the 
bowl for butter. About 99 per cent. of the 
alleged ornamental work of the fixture is 
wrought or cast metal work hung up there 
for no useful purpose whatever; and 
think when the public taste and knowl- 
edge have been increased, in which I hope 
this society may have some influence, to 
the project where the user says: “I want 
such and such illumination and you de- 
sign a fixture which will give me that il- 
lumination without paying any attention to 
the ornamental part of the fixture, so that 
we will not be required to bend the light 
around a corner or change optical laws 
rather than change the design of the fix- 
ture’—then things will be in very much 
better shape. 


DISCUSSION BEFORE NEW ENG- 
LAND SECTION 


Dr. Louis Bell.—I feel that the Society 
should not devote too much attention to 
electrical! illumination, although it is prob- 
ably the larger interest from the pecuniary 
standpoint. We should stand throughout 
for the use of all illuminants to the best ad- 
vantage possible. The electric light man, the 
gas man or even the purveyor of oil, can 
furnish good illumination if his commodity 
is intelligently used; and if not intelligently 
ou each is severely handicapped. In the 

arly days of electric lighting I am sure 
ee all appreciated the fact that a great 
deal of electric lighting was not what it 
should be. The fact was certainly called 
vigorously to our attention by our gas 
friend, and for good cause. The same thing 
is true of gas. There is good gas and bad 


An oil 


gas, improperly used gas and properly used 
gas: but the thing it behooves us to bear in 
mind as illuminating engineers is that it is 
our duty to get the very best we can out of 
every luminant. If we can use electricity 
we want to know what to do with it; and if 
we are in a position where we can only get 
gas or even oil, we want to know the limi- 
tations of the material we have to use, just 
as the constructor of buildings wants to 
know precisely how best to employ the ma- 
terial which is available; and the thing I 
want particularly to impress on you is that 
we have not come to the end of illuminants 
yet. Perhaps we are only in the beginning. 
Within ten years there has been almost a 
revolution in the efficiency of illuminants— 
certainly in their usefulness. Ten years ago 
the mantle burner, which is the strongest 
possible card in the use of gas as an illumi- 
nant, was coming into use. It had not been 
pushed to anything like its legitimate use- 
fulness. Ten years ago, too, we were just 
beginning to get the better class of arc 
lights. We have only recently come to the 
more efficient arcs and more efficient styles 
of incandescents. This is not the end of 
things, by any means. We must expect in 
the next ten years an advance which will 
cast into the shadow anything which has 
been done. In the matter of electricity we 
have illuminants four or five times as effi- 
cient as anything we thought of a decade 
since, in the flaming arc, the mercury arc, 
etc. In the same way ‘the gas man has 
pushed the mantle burner from the rather 
unsatisfactory light of ten years ago to one 
of very great brilliancy and very great use- 
fulness. Improvements along these lines 
must proceed, for we have not yet reached 
the limit in the matter of efficiency by any 
means. There are a great many sources of 
illumination of which we have not yet seri- 
ously thought. The chemist may have some- 
thing to do with it. Even the biologist may 
be heard from yet. I was speaking recently 
about a clever suggestion that emanated 
from a New York doctor long ago regard- 
ing the piping of oxygen for general con- 
sumption as an available material for forc- 
ing oxidation and obtaining very high tem- 
peratures and immense intensities of light. 
With our present resources something of 
that kind may arise to bring illumination up 
to a higher basis. The vacuum type of 
light, with its extremely interesting possi- 
bilities, has only been touched upon as yet— 
hardly enough to be considered seriously. 
So we shall improve steadily. We cannot 
sit down and rest on the incandescent and 
arc and consider these as the ultimata; we 
must keep pushing ahead on new methods, 
and the engineer in years to come will have 
before him, and only a short distance ahead 
of him, a much richer field in materials than 
he has ever had. But he must handle even 
the best of them with consummate skill 
in order to obtain the best result, and I be- 
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lieve the energies of this Society can be best 
directed perhaps to educating the users and 
installers of light to appreciate what good 
illumination is, and in the utilization of ma- 
terial systematically so as to produce this. 
All those who sell illuminating material 
have suffered at the hands of the installer 
and user. The best thing we can do is to 


get at the people who use the light and. 


show them how, by careful attention to 
details, they can get the very best results 
from the material which is put at their dis- 
posal. In the long run it. would pay. The 
man who can get effective illumination for 
two-thirds the expense to which he has been 
accustomed is not going to cut down his 
bill but hold steady. The immediate result 
of a good and cheap light is a call for more 
light. I do not know of any way in which 
that has been more effectively shown than 
by the coming of electric light into the gas 
field. Each has helped the other, and every 
improvement in each has; by making better 
light. for the user, built up a demand. for. 
the very articles that many of ,us are sell- 
ing. The man who is able-to,,get, two can- 


dle- -power where one was to be obtained | 
I am’ im-. 


before is doing good service. 
pressed with the importance of. getting. at 


the men who design the fixtures.and the’ 


user of the light and showing him how to 
make the most he.can of what he has. 


There is another side—the artistic Sides 
which must not be forgotten, and which is - 
often passed by as of secondary conse-' 


quence. One does not have to go far to 
see some horrible examples of inartistic and 
thoroughly bad illumination. Sometimes 
this is noticed and remedied; sometimes it 
is not. The delivery room in the public 
library in the city of Boston in its early 
stages was perhaps the most, shining ex- 
ample of the mal-application of:light that I 
have seen. In that room the mural paint- 
ings are sunk into deep panels, the reason 
for which I have been unable to discover. 
That room was originally. lighted by two 
gigantic chandeliers which came down one 
third of the way to the floor, and were bot- 
tomed with incandescents, entirely defeating 
any object of lighting up the mural paint- 
ings and in fact preventing. anybody from 
seeing them. That was finally remedied, 
but even when it was done, it‘was not done 
well. If you will go there to-night you will 
find that the lights intended to illuminate 


the paintings are not directed so that: they 
do it to the best advantage, for the very. 


simple reason that the scheme of decora- 
tion which had been adopted for the room, 
utterly irrespective of the possibility of 
having. paintings, there which anybody 
might want to see, was such that it did not 
seem. wise to put the lights where they 
would do any particular good. It is that 
sort of thing which ought to be given a 
great deal of careful attention. We want 
to know not only how to get good light for 


-are’' ‘fighting ‘for 
same office, we lend a helping ‘hand where 


of money they are paying. 


general illumination but how to use it for 
particularly illumination, as in a case of that 
kind, with the best benefits possible. I 
might say that almost every public building 
shows a lack of that in the adjustment of 
illumination—in fact, shows absolute lack of 
anything except a desire to show off the 
fixtures. It is largely the fault of the de- 
signer that we have so much bad illumina- 
tion, and it is that phase of the matter 
which the Society can take up to great ad- 
vantage, and I hope that some of our 
friends who are economically watchful 
from the artistic side of illumination, will 
very soon give us a paper on the subject, 
dealing not only with the general points of 
illuminating, but: with the particular kind of 
illumination which is desirable for the pur- 
pose from the artistic standpoint. The 
weak side of such studies heretofore has 
been that more attention has been paid to 
the fixtures than to the effect of the lights. 


Mr. W: E. Holmes.—in the city where 
I live’ there is a great deal ‘of poor 
illumination’ from both gas and_ elec- 
tric light. While I am connected with 
a combination: company, and while we 
business right in the 


the ‘other -fellow can get business and 
we cannot get in. We favor each other as 
much as possible, but if there ‘is any busi- 
ness there that we can both get in, it is a 
fight to the finish. On the matter of house 


illumination, there is a good deal to be done 


in educating the householder, and the way 
to get at it, I believe, is to start at the first 
with the new house. The old householders 
are ‘hard to get started. It is hard to make 
them do anything. They think’ we are 
thieves and robbers, and we have been re- 
ceived in many of these houses with a great 
deal of suspicion as to our intent with them. 
When we first went into a man’s house and 
said we came there in his interest and 
wanted to look it over and help him, it did 
not go at all, and it took several visits be- 
fore the man really would allow us to do 
anything. He thought from what his neigh- 
bors had told him and perhaps from what 
he had seen in the old days, that we were 
trying to get a little more money out of 
the installation. That still holds to-day. 
We find it right along, but I will say there 


‘are customers who, after we meet them sev- 


eral times, and especially if we can get them 
to go with us and see another installation, 
will give us the credit of working a little in 

their interests. I do not want anybody, — 
however, to think it is not uphill work to 
make these people believe that you are 
willing to do anything for them in their 
homes in the way of reducing their bills or 
giving them more light for the same amount 
We are hard at 
it. The competition there between the elec- 
tric light and the gas is pretty fierce. The 
customers are perhaps captured by the gas 
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man first and then the electric man will get 
after him. That competition is good. It is 
first class for the solicitors—the men who 
are doing the work—but our solicitors all 
have strict instructions to present the mat- 
ter right and put the company in the right 
light before the customers. 

Mr. W. E. Clark.—I think that all con- 
nected with illuminating industries should 
be equally interested with the consumer in 
making illumination most effective. If the 
customer makes a complaint and is ignored, 
he will be apt to change from one illumi- 
nant to another. It should be seen to that 
the customer has the right kind. of shades, 
right kind of lights, and that the latter are 
so disposed as to give the best lighting 
effect. We very often see electric bulbs so 
covered with dirt that perhaps half of their 
illuminating power is lost, and in such cases 
customers should be advised to have them 
cleaned.. I join with Dr. Bell in suggest- 
ing that the Society have as early as possi- 
ble a paper on the illumination of rooms 
‘and various kinds of halls, churches, etc., 
from ,the standpoints of efficiency and 
economy and also from the artistic side. 


Mr. E. R. Brown.—There was one point 
that occurred. to me in hearing Mr. Searles’ 
paper, and that is the matter of renewal of 
lamps. When we first started out to give 


free renewals we were looked upon ‘as’ 


bunco-steerers or something of that kind. 
We considered, however, that. the better 
light a man gets the more business he can 
do. Partly on our recommendation and 
probably more from appreciating that «it 
was good business policy, many stations 
started in with a free renewal of incandes- 
cent lamps. I want to speak of the experi- 
ence of the Hartford Electric Light Com- 
pany. Those of you who know Mr. Dun- 
ham realize that he:is one of the most pro- 
gressive and virile men in the United States. 
He does not satisfy himself with giving 
free renewals of lamps from the office, that 
is, with people coming in with half a dozen 
lamps and getting half a dozen others in 
return. He first started around a cart with 
lamps. They called at the house of the cus- 
tomer and asked if there were any lamps 
which could be renewed. Since then many 
others have done this. Mr. Dunham is now 
pursuing a course which is much more ef- 
fective, I think. The inspector goes into the 
house, goes into the different rooms and 
takes out the lamps which are dim and sug- 
gests what lamps should be changed, and it 
is the practice of the Hartford Company 
not to let any lamp ‘burn more than three 
or four hundred hours. In that way the 
Hartford Company are using about two 
lamps for every person in Hartford, which, 
so far as I know, is a greater proportion 
of ‘lamp renewals than in any other city. 

believe this same thing would pay the gas 
company. I have been in a great many 
houses and places of business where the gas 


mantles were not giving one fourth the 
proper illumination. If a gas company can 
get the confidence of its customer, can go 
into the customer‘s house and renew the 
mantles free or at a moderate charge—I 
think this partis immaterial—directing the 
custoiner’s attention to the fact that the 
mantles are not eflicient and that he is tak- 
ing the same amount of gas and getting 
only a small amount of light—I think it 
would go a long ways toward increasing the 
use of any illuminant. I think that prac- 
tice is one which would make every elec- 
tric light company in the United States in 
a great measure as successful. as weall 
know the Hartford Company is to-day. 
Mr. E. N. Wrightington—In listening to 
Mr. Holmes on the question of getting cus- 
tomers to use the best illuminant they can 
in the most efficient way, it occurs to me 
that I find that unless the customer feels 
that the bills are high it is practically im- 


possible to get them to change to a more 


economical and’ more effective method of 
illumination. But I think we can educate 
the public up to that sort of thing, and I 
think this is shown by the fact that the 
standard of illumination at present is 100 
per cent. higher than it has been; that is, 


- the ordinary man sees better light used and 


is accustomed to using better light. The 
stores. ‘are better lighted and the general 
standard of illumination is far higher than 
it ever was before, and I believe that by 
educating the public up to the idea of better 


house and store illumination we can accom- 


plish the same result there. The question 
of renewing gas mantles and electric lamps, 
is, I think, a very important one. In our 
experience we find that the mantle lights 
when cared for. by the customer give a 
great deal less satisfaction than if cared for 
under contract. It is impossible for the gas 
company to maintain mantles free of charge, 
but by making some nominal charge, as we 
do in the case of gas arcs, for renewal of 
mantles and care of lights, we find it gives 
a great deal better satisfaction, and that has 
led to our making a lower charge for arc 
lights where care and maintenance is given, 
after the first year. The lamp will be sold 
cheaper if the customer will allow the lamp 
to be taken care of. I should like to see 
some data on the effect of lighting with gas 
and mantles in various ways. Dr. Bell has 
spoken about it, and the whole question is 
one that needs to be threshed out carefully. 

Mr. Brown.—I would like to ask why it 
is impossible or impracticable for the gas 
companies to renew mantles without 
charge? 

Mr. Wrightington._It is simply a ques- 


tion of price. Of course, in the case of elec- 


tric light renewals, the price practically in- 
cludes that. In the case of gas the cost of 
maintenance would be so much that it 
would cut down the profits considerably. 
The present price is 60 cents a month or 
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$7.20 a year for an arc, and while it does 
not cost $7.20 to maintain it, it costs very 
nearly that, and it would cut out the profit 
on the lamp very materially. 


Mr. Brown.-—Why not give the customer 
free mantles instead of reducing the price 
of gas, when the time comes for such a 
reduction? That has been done by electric 
light companies—giving the customer free 
lamps in lieu of a reduction. 


Mr. Wrightington—I am afraid that 
would not appeal to the man who is kick- 
ing for the reduction. 

Mr. Brown.—It worked all right in the 
case of the electric companies. | 

Mr. Wrightington.—Yes, but it is a differ- 
ent kind of customer that you have to deal 
with there. 

Mr. Brown.—Then is it not up to you to 
educate that man? 

Mr. Wrightington. —Yes, it is, but it is 
very dificult to make them use mantles. 


Mr. Brown.—Do they not have a portable 
meter, and will it not convince a man when 
you show him that the mantle burns only 
three and a half feet while the other burns 
fites 

Mr. Wrightington—We can do that in 
individual cases, and it seems to be the 
proper thing to do; but if the customer is 
satisfied, it is pretty hard to go into all 
these details with him. I think it would be 
very difficult to satisfy the ordinary con- 
sumer by agreeing to allow free renewals 
instead of a reduction in the price of gas. 


Dr. Bell.--I would like to ask how much 
has been done in the way of progress with 
a mantle.of relatively small capacity? Most 
of us who use mantles are more interested 
in getting say 25 c.p. on one and a half feet 
of gas than we are in getting 100 c.p. on five 
feet of gas. It has always seemed to me 
that if the gas mantle in smaller sizes were 
successfully worked, so that the light would 
be distributed a little more successfully, it 
would make a very great increase in the 
use of them. I would also like to ask about 
the reparts I have seen in some technical 
papers about improvements which have gone 
to some length toward obviating the green- 
ish color in the older mantles. These are 
two very practical questions. 

Mr. Wrightington.—_I would say that the 
old method in the case of a chandelier, say, 
was to put in a single mantle to replace 
two or three lights in the chandelier—to use 
one light for lighting the whole room. We 
have tried to educate the public up to the 
point of using small units and more of 
them. We have now a perfected form of 
Bunsen burner. It is a small light, less than 
a three-foot mantle in place of five feet in 
an open burner. It is a light similar in ap- 
pearance to the electric incandescent light 
and is, I think, for residence lighting the 
best form I have seen, and it allows a bet- 
ter distribution of light around the side. 


On the question of the color I hope that the 
Illuminating Engineering Society will get 
to that point, and that we may have a tech- 
nical paper on the subject. I think the 
present mantle 1s an improvement over the 
old form having a greenish appearance. | 
do not know how it has been accomplished, 
but [I think it has been at the expense of 
efficiency. It would be preferable, to my 
mind, to get it even better than it is at 
present, even at the sacrifice of some effi- 
ciency, because the light is cheap enough. 
We can afford to lose something there. 

A Member.—Possibly some of you may 
not have seen the new type of inverted gas 
burners. We received to-day and are put- 
ting in place for display purposes, a number 
of very small inverted burners, encased in 
small globes, somewhat smaller than the 
lamps in this room, and we get very beauti- 
ful effects. Some of the globes are tinted. 
As I came down here this evening, I could 
not help being impressed with the fact that 
stores on Hanover and Washington streets 
were lighting up the sidewalk more than 
their windows, and you were dazzled by the 
light. I never saw anything prettier in a 
lighting effect than that in Marshall Field’s 
windows in Chicago. There were very few 
goods in the window and they were placed 
with care, and the lights were entirely from 
above. In one window was a display of 
neckwear, carefully selected as to both color 
and arrangement, and you could not help 
admiring it. 

Mr. John Campbell—The question spo- 
ken of by Mr. Wrightington of figures for 
the different forms of illumination, is a 
point that the Boston section should take 
hold of, and if need be, go so far as to ap- 
point a committee to investigate and report. 
One of the objects of the Society should 
be the education of the public, and to show 
them that there is one society that can be 
relied upon for accurate and absolute 
knowledge. Of course, there are such soci- 
eties at present, but there is no other one 
devoted entirely to illumination, and there 
is no one subject quite as broad as illumi- 
nation, and no subject on which there is 
such a lack of scientific practical knowledge. 
There is an immense amount of scientific 
knowledge, but a fair share of it is not 
practical knowledge—that is, knowledge 
that can be adapted to the practical use of 
the light. 

A Member.—I think everybody realizes 
that there is a great deal of lighting that 
is anything but good, and people are begin- 
ning to realize that there is a difference be- 
tween good lighting and poor lighting 
with the use of the luminants which we 
have. The more we look around in a criti- 
cal way, the more we realize that there is 
a broad field for us to work in, and I think 
it is going to be a great benefit to every- 
body to get together all possible information 
and compare notes, and for this reason I 
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believe this organization will be a good 
thing for us all. 

A Member.—I heard one gentleman say 
something about open flame burners, and he 
mentioned the way in which the different 
burners waste gas. I have found a lot of 
people who use aluminum tips, and they 
get very good results from them; they are 
economical Hghts, burning only about 4% to 
5 feet of gas. The only advantage of a 
Bray burner is that it will not burn any 
more. With an aluminum tip you may 
burn more, because if you give it full play 
it will burn 11 or 12 feet of gas, and then 
the customer comes in and kicks about his 
bill. That is the only reason why I advo- 
cate a Bray burner, because I know the 
customer cannot use so much gas with that 
burner, and will be satisfied. I think the 
inverted mantle is a good thing. If a man 
has goods in his window and uses gas, he is 
afraid the lights will set his goods or his 
draperies on fire. Now with the inverted 
mantle that danger will be done away with. 
anything that is up on the ceiling cannot 
catch so easily, therefore I think the in- 
verted mantle a very good idea, and one 
that will be profitable as far as the illumi- 
nation of windows is concerned. Another 
gentleman remarked upon the store keepers 
in Boston illuminating the sidewalks. I 
have found that unless you illuminate the 
sidewalk you will not get the people to stop 
and look in, no matter how much you illu- 
minate the window. They will not stop for 
that, but if they see a light in front they 
will stop and look in. That is the reason it 
is done. You will see in the stores that 
they have more lights in the window and 
around the sides than necessary. It is be- 
cause the more light that is put out in front 
of the window, the more people will stop 
and iook in. The average business man is 
not looking for the education of the pub- 
lic, but for the increase of his bank account, 
which is more important to him. In re- 
gard to the replacing of gas mantles, I 
think the majority of the consumers of gas 
live in tenements, and in many cases—in 
fact I think in seven out of ten cases—a 
mantle in this case is impracticable for 
both the consumer and the gas company. 
Most of these consumers have small chil- 
dren who jar the mantles and smash them, 
and if the gas company is to supply them 
free of charge, it will mean keeping a man 
outside of each house with a basketful of 
mantles. J am talking about certain sec- 
‘tions of Boston with which I am acquainted, 
but 1 think that would apply anywhere 
where there was a tenement house. If any- 
body can invent a mantle that will not 
break, I think there would be money in it. 


Mr. Clark.—I would like to say one word 
more. While it may be true that if a side- 
walk is brilliantly lighted, it will make a 
person stop and look in the window more 
quickly, still I think, especially with elec- 


tric lights as we see on Washington street, 
where rows of lights are put in as they are, 
that it is an extremely expensive form of 
lighting; and if the same or a lesser num- 
ber of lights were put in at the top of the 
window out of sight of the public and with 
powerful reflectors above them, the win- 
dow would be much more attractive, and 
would probably have about as much effect 
on thase passing, while those who look at 
the artistic side would find it a very much 
more pleasing window. There is also the 
effect of the light on the eyes. Rows of 
lights in plain view are extremely trying 
to the eyes, and a great many object to 
them. It is trying to the eyes of a great 
many to have the lights hanging as low as 
they do in many center chandeliers. I think 
papers would be of great benefit discussing 
halls, buildings, rooms, etc., that are poorly 
lighted now, and the way they could be 
improved. 


Mr. Campbell—Along this line comes 
the question whether the people do not for 
outside lighting use a trifle too much light, 
more particularly in New York than in 
Boston. Down there it is getting so that 
the theaters and certain classes of houses 
are using the luminous arc. They certainly 
make a flaming advertisement. The light 
makes the ordinary light look like a tallow 
candle. At the same time this luminous arc, 
when placed at the present existing height, 
is a very trying light on the eyes. If it was 
raised up I think much better results could 
be obtained, but that is a matter of distri- 
bution of light rather than increasing the 
amount of light. Referring to Mr. Searle’s 
paper, in a certain case I told a party that 
he ought to wash his globes and shades. 
The porter did this, and afterward the man 
called me up and wanted to know if I had 
put in new globes and shades or new man- 
tles. It was simply a case of an accumula- 
tion of dirt. The public do not realize how 
much their bills are increased simply by 
lack of care. They seem to think the lights 
will take care of themselves after they are 
in. I know that in the electrical field some 
people pride themselves on the length of 
time they burn their lamps, and feel quite 
indignant if suggestions are made that it 
would be well to renew them. The Wels- 
bach light is a matter we are all interested 
in. The smaller units will certainly be a 
vast help. 

Mr. Holmes.—There was one point that 
Mr. Clark touched on which I am inter- 
ested in. That is the reflection. We have 
found lots of cases where we could induce 
the customer to use reflectors by telling 
him that he could get just as much light 
or better with half the wattage in that win- 
dow that he had before. We are pounding 
into our solicitors the advantage to the cus- 
tomer of reflectors—proper reflectors and 
properly used. I could show you windows 
with Welsbach burners set on a line of pipe 
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with mirror reflectors over them, giving an 
elegant light. I know of another window 
without mirror reflectors, and the light does 
not begin to compare with the first-men- 
tioned window. It is just the same with the 
electric light. If we can induce the customer 
to spend a little more money for reflectors 
and a little less for current, he will be a 
better satisfied customer in the end. I 
think there is more in that than a good 
many of us realize. There is one other 
thing I want to speak of. This is not a 
place for us to fight about another man’s 
goods, but somebody spoke of the inverted 
mantle burners. We have in our office and 
we have in a certain. restaurant in town, 


some of these inverted mantle burners, 
and the electric light solicitor considers 
them one of the best advertisements for 
the electric light for the reason that every 
one cf these pretty little brass fixtures are 
all smoked up from the ascending fumes of 
the gas. I have seen our electric light so- 
licitors take customers right around in our 
office and show them the inverted mantle 
fixtures with the little shade holders all 
smoked and the little brass gooseneck ail 
blacked, as in the restaurant I mentioned. 
I am not a gas man, but the fact remains 
that the electric fellows consider the in- 
verted burner a good advertisement for the 
electric light. 


—— 


Abstract of Papers Presented at the Meeting Held in New York 


May 17th 


A METHOD OF STREET LIGHT- 
ING BY INCANDESCENT 
| LAMPS © | 


By WESTERN UNDERWOOD AND VY. R. 
LANSINGH 


It has been suggested many times 


that it might be possible to light ef- 
fectively the business sections of cities 
by means of incandescent lamps, and 
in a number of cases this has been 
tried with more or less success. 
_ The: ordinary method of lighting 
streets by the use of arc lamps is open 
to numerous objections, chief of which 
ig the glare, which exists even when 
opal globes are used. Where an opal 
inner and clear outer globe are used, 
the resulting glare is so great that it 
is practically impossible to see any- 
thing beyond the lamps, especially if 
hung low and rather far apart, as is 
generally the case 

Incandescent lights have been used 
in lighting outlying districts with con- 
siderable success, and to the driver 
such light is far preferable to arcs 
placed farther apart. Any one: who 
has driven a horse or automobile. down 
a street lighted by arc lights, and 
down another street lighted by incan- 
descent lights, will appreciate the 
above conditions. 

Attempts have been made to use in- 


candescent lamps for lighting the 
business sections of some _ cities, 
notably in the case of Columbus, Ohio, 
where strings of incandescent lights 
have been placed on arches across the 
street. This gives fairly good results, 
but is open to some of the objections 
which apply to arc lighting. In the 
first place, such arches generally have 
more or less of a festive appearance, 
and lack dignity. Secondly, bare lamps 
are used which, while producing a 
light less trying than the arc, is, never- 
theless hard on the eyes of a passer- 
by. A third objection is the ineffi- 
ciency, a large proportion of the light 
going upward. 

Another method is that used in Los 
Angeles, Cal. In 1895 the merchants 
located on Broadway of that city, 
started the “Broadway Improvement 
Company,” for the purpose of im- 
proving the street lighting. At that 
time, it was lighted by arc lights 
placed at the intersection of cross 
streets. As the blocks on Broadway 
are nearly 600 feet long, the illumina- 


tion midway between lights was al- 


most negligible and the actual street 
light was furnished practically entirely 
by the shop windows. . 

The leading spirits of this Broad- 
way Improvement Company were 
Messrs. F. W. Blanchard, Wm. Sny- 
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der and Major Norton. Their argu- 
ment in improving the lighting of the 
city was, that better lighting would at- 
tract more trade to Broadway and 
would raise the standard as a whole of 
the lighting of- Los Angeles. The 
money for making these improvements 
was raised by subscription, the assess- 
ment being $1.50 per front foot, it be- 
ing the intention at the start for the 
owners of the property to pay for the 
installation of the lighting system, the 
tenants to pay the operating costs. La- 
ter the entire installation was turned 
over to the city as a gift, with the un- 
derstanding that the municipality 





FIG, 


should pay for the lighting, the Elec- 
tric Light Company furnishing light, 
renewals and globes. The designer and 
superintendent of the system was Mr. 
Western Underwood, of the firm of 
Messrs. Forve, Pettebone & Company, 
a local fixture house. 


The system as finally adopted, is in- 


dicated in Figs. 1, 2 and 3. It con- 
sists of ornamental poles placed on an 
average of 100 feet apart, each pole be- 
ing directly opposite the one on the 
other side of the street. The lights 
are all placed upright, which, while 
undoubtedly not quite so efficient as if 
placed in a pendant position, neverthe- 
less renders the liability to breakage 
less, and in case of breakage protects 


the passer-by from falling pieces of 
glass. Fig. 4 shows the type of post 
used on Broadway. ‘The center ball 
is of ground glass, roughed on the in- 
side, 18 inches in diameter, containing 
six 32 candle-power lamps in two tiers. 
Surrounding this arc six eight-inch 
bails with one 32 candle-power lamp 
in each. All lights burn from dark 
until midnight, after which hour the 
lamps on two of the four posts at cor- 
ners of the street are turned off. The 
voltage is 110. One of the difficul- 
ties in the first installation was the 
effect of the sun in the day time ren- 
dering the iron posts so hot as to cause 





I.—BROADWAY AND FIFTH STREET. 


trouble with the rubber-covered wire 
used. This has been rectified since by 
the substitution of asbestos-covered 
wire. 

In all there are 134 posts on Broad- 
way, covering a distance of 10 blocks 
in the heart of the business section. 
The cost of each pole set up complete 
was $100.00. 

One of the difficulties of carrying 
out successfully this plan was the re- 
fusal of a number of property owners 
to pay their assessment, resulting in 
a deficit which had to be made up by 
the more public-spirited. As it was 
desired to extend this system of light- 
ing to other streets in Los Angeles, 
the parties interested had a law passed 
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FIG. 2.—LOOKING DOWN BROADWAY. 


by the State which allows the City 


Council to make an assessment of 
properties in the district benefited, and 
requiring the signature of two-thirds 
of all property owners interested, in 
order to prevent the adoption of the 
plan. This, of course, opened up a 
way by which other streets could be 
similarly provided, and Spring street, 
Hill street and others have taken ad- 
vantage of the opportuity, and con- 
tracts have been let for lighting almost 
all the entire business section of the 
city with this system. : 

The type of post adopted for Spring 
street is shown in Fig. 5. It has four 


arms with 12-inch roughed inside balls 
with three 16 candle-power lamps to 
each, and: one ‘large. center.’ball:-16 
inches in diameter with six 32 candle- 
power lamps. On Spring street there 
are 134 of these posts, and on Main 
street 164. As will be noted in com- 
paring Figs. 4 and 5, the posts adopted 
on Spring street are more ornamental 
than the other type, but the lighting 
effect is not so good, owing to the 
fact that the large 12-inch balls con- 
siderably shade the others, which is 
not quite so noticeable in the case of 
the Broadway installation. 

As will be noted by Figs. 1, 2 and 3, 
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the illumination of the street is re- 
markably uniform. In no case is the 
lighting really brilliant but, as will be 
seen from the cuts, the lighting is ex- 
tremely good and very easy on the eye. 
The advantage gained in this respect 
by using roughed inside balls is very 
considerable. Where the globes have 
been broken and the bare lamps are 
visible, the trying effects on the eyes 
is extremely noticeable; and while 
there is undoubtedly a reduction in 





FIG. 4. 


the total amount of light, the ability 
to see well is greatly enhanced by the 
use of these balls. At the same time 
they make an extremely ornamental 
and dignified appearance, with the re- 
sult that the amount of business on the 
streets so lighted has, it is claimed, 
been greatly augmented. 

The photographs shown here, which 
are untouched, were given exposures 
of from five to 15 minutes. It will be 
noticed that there is very little hala- 
tion, and that the light at all points is 
remarkably uniform. It is possible 
to stand half way between the posts 
and read the print of an ordinary 
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newspaper; even when placed hori- 
zontally. When held normal to the 
eye a newspaper can be read with ease. 
It will be noticed in examining the 
cuts that not only the street itself is 
well lighted, but also the buildings, 
Simin: an extremely cheerful effect 
to the entire street. 

Perhaps the chief objection to the 
whole system is that too much light 
is thrown upward, and that therefore 
the system is not as economical as 
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might be desired. Experiments are 
now being undertaken to see if it is 
possible to overcome this defect. If 
this can be done, an increased illu- 
mination can be given in the street 
at the expense of some of the upward 
light; or as the illumination of the 
street is ample at present, it will 
probably result in a reduction of the 
current used, by employing lamps of 
smaller candle-power. 

So successful has the system proved 
to the public in general, that many 
other cities are considering the sys- 
tem, notably Pasadena, California. 
There a similar system of lighting has 
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been adopted but the posts are pro- 
vided with 12 arms, in a pendant po- 
sition, giving a sort of spray effect, 
with a large upright globe in the cen- 
ter. Each of these arms is provided 
with 16 candle-power lamps, with six- 
inch balls. The illumination from 
these posts will be undoubtedly better 
than if they had been upright, but the 
posts are not as ornamental or digni- 
fied as those used in Los Angeles. 

In Chicago, Michigan avenue is par- 
tially equipped with posts similar to 
those in Los Angeles, but of a very 
uneconomical design. They also lack 
the artistic features so noticeable in 
Los Angeles. 

In San Francisco the movement 
was taken up by the citizens, and about 
ten posts installed as samples, it hav- 
ing been the intention to adopt a sim- 
ilar scheme of lighting on the princi- 
pal business streets. Propositions to 
the same end are now being consid- 
ered in Seattle, St. Louis, Denver and 
Salt Lake. 

This system of lighting by incan- 
descent lights seems to be meeting 
with very hearty approval throughout 
the West. The chief advantages are 
that the illumination of the street is 
remarkably uniform, the glare is prac- 
tically eliminated, with the result that 
the ability to see clearly and comfort- 
ably has been largely increased. The 


street gains dignity in appearance and. 


furthermore trade, as has been actu- 
ally demonstrated, is directed to a 
street so lighted. 

Practically the only objection is the 
cost of the operation. As installed in 
Los Angeles, the consumption is prac- 
tically 12 amperes at I10 volts per 
post; and as the posts are directly op- 
posite each other, and on an average 
of 100 feet apart, this means 12 am- 
peres at I10 volts every 50 feet, or 
practically the cost of operating one 
arc lamps of six amperes every 25 
Leet, 

It will be noted that in Figs. 1 and 2 
there is a bright streak down the cen- 
ter of the car track. This is due to the 
arc head light on cars, within the field 
of the photographic lens. 


LIGHTING OF STREETS BY THE 
INCANDESCENT MANTLE 
BURNER SYSTEM 


By F. V. WESTERMAIER 


To make it possible to produce prac- 
tical results, it was found necessary to 
design appliances which could be eas- 
ily handled and taken care of. The old 
stvle of gas lamp with tin frame, plain 
glass sides and no bottom, and with a 
tin cup for a top and ventilator was 
soon discarded for a lantern built on 
more beautiful and practical lines. A 
substantial cast-iron frame of neat de- 
sign surmounted by an opal dome with 
an efficient ventilator, a cylindrical 
glass globe closed at its bottom by an 
adjustable plate with means for open- 
ing to light the burner, became the 
recognized type of street lamp. This 
lanternwas designed to be at once dust, — 
draught and insect proof. Care was 
also taken in its construction to afford 
means for the changing of parts and 
for the adjustment of the burner. 

At first the ordinary type of house 
burner was used, but it was soon 
learned that with the conditions to be 
dealt with on the street, viz., dust, vi- 
bration and variation of the gas pres- 
sure, a different style of burner would 
have to be developed. The present 
form of burner is the result of years of 
experience and experiment. By a 
lock-lever attachment, a _ climbing 
lighter pilot is first lighted, and this in 
turn lights the mantle, being itself then 
extinguished. This burner is de- 
signed to afford positive regulation 
and to produce the highest efficiency 
for the gas used. 

The essential part of the appliance 
—the mantle—has been evolved after 
long series of tests. In order to with- 
stand the rough usage on the streets,. 
it has been found necessary to con- 
struct a mantle especially for street 
lighting purposes. These mantles are 
strong in structure, and, owing to 
special treatment and preparation, re- 
tain their candle-power efficiency 
longer than the average commercial 
mantle. The mantle was formerly 
supported by a single wire over the 
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burner gauze, but they are now 
mounted with a double wire support 
on individual gauzes, so that with each 
mantle there is a new clean gauze. 
The mantles are capable of producing 
from 20 to 24 candles to a cubic foot 
of gas of a thermal value of 600 Brit- 
ish thermal units ; while, with gases of 
higher heating value, such as natural 
gas, the efficiency rises to over thirty- 
five candles to the cubic foot. In deal- 
ing with natural gas it is necessary 
that the mantle be specially treated to 
prevent the percentage of cerium being 
reduced. This treatment is most im- 
portant, as without it the mantle loss 
would be very high and the service 
would not be efficient. 

Ail mantles have color, the most ob- 
jectionable being those with the green- 
ish tinge so often seen. By numerous 
tests it has been found that the slight 
orange shade produces by far the best 
results. 

In the street lighting of cities it has 
now become a recognized fact that the 
two systems of lighting, 7. e., the elec- 
tric arc and the incandescent gas, have 
each its own special value. The street 
lighting of New York is an example 
of judicious arrangement, with its 
broad avenues lighted by arcs and its 
cross streets and Central Park lighted 
by mantle lamps. Intense illumina- 
tion, such as produced by the electric 
arc, is neither desirable nor necessary 
in residential sections. The incandes- 
cent mantle lamp diffuses its light over 
these sections to much better advan- 
tage. 

In the installation of incandescent 
gas street lamps it is very important to 
determine the existing pressure con- 
ditions. Very often where the topo- 
graphy of a city is hilly, and where 
also the gas mains are of insufficient 
size to supply the ever-increasing de- 
mand, the pressures at the lamp posts 
are very irregular. With extreme con- 
ditions, where the pressure varies 
more than 1 inch of water, the effi- 
ciency of the incandescent gas system 
would be very much affected if means 
were not provided to take care of such 
fluctuations. The latest development 


has been an efficient gas controller 
which, with pressures varying from 1.5 
to 4 inches, supplies a uniform amount 
of gas to the mantle. This appliance 
has proved its value in a number of 
cases that have come under my ob-— 
servation. After being in service for 
months, controllers brought to the 
laboratory to be tested under varying 
pressures are always found to operate 
perfectly. 


In order to maintain the efficiency 
of the incandescent gas street lighting 
system, it is absolutely necessary that 
the lamps receive proper care and at- 
tention. As each lamp is in itself an 
individual plant, it must be adjusted 
to suit the conditions under which it 
operates. Lighters-are not given any 
more lamps than they can properly 
care for, and are held responsible to 
their respective inspectors for the 
cleanliness, efficiency and adjustment 
of the lamps on their routes. 

A number of patents have been is- 
sued in the United States and abroad 
for automatic devices for lighting and 
extinguishing street lamps. The meth- 
ods employed can be divided into three 
classes: 1°, Electric, similar to the 
house push-button appliance. 2°. 
Clocks on each lamp. 3°. The rais- 
ing and lowering of the gas pressure 
in the mains from the gas works. Each 
patent has some particular feature of 
its own, but the majority are impossi- 
ble for practical use. Tests have been 
made of different systems, but the 
results have not been satisfactory. The 
practice of granting short-term con- 
tracts for incandescent gas street 
lighting prohibits the enormous ex- 
penditure necessary to have inde- 
pendent mains for street lamps; there- 
fore, the majority of automatic devices 
could not be used even if they were 
perfected. 


There is no doubt that the best pos- 
sible service is to be had only where 
each individual lamp receives daily at- 
tention. Manual lighting will there- 
fore not be replaced by the automatic 
unless great improvements are made. 

In England and on the continent 
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there are a number of self-intensify- 
ing incandescent gas street light sys- 
tems competing with arcs. It is al- 
most impossible to get any really au- 
thentic results as to their comparative 
efficiencies. In this country self-in- 
tensifying gas lamps for street light- 
ing purposes have not proven success- 
ful, the reason being that the condi- 
tions under which they are compelled 
to work on the street affect the me- 
chanical apparatus, and they soon get 
out of order. : 

The mantle burner system of street 
lighting can also be applied in those 
cases where it is impracticable to ex- 
tend the gas mains. Gravity feed 
gasoline lamps are then used in con- 
nection with a burner of special con- 
struction. This form is extensively 
used in park lighting, giving excellent 
service, the candle-power obtained be- 
ing about the same as the gas lamp. 

Without.a perfect system for taking 
care of mantle lamps, incandescent 
street lighting would fail. It-is ab- 
solutely necessary that the lamps be 
regularly inspected, the globes and 
domes kept clean, broken mantles re- 
placed and the entire lamp kept in 
good condition. 

As I have said before, the mantle 
burner system of street lighting has its 
place in municipal lighting as well as 
the electric arc: and together they 
form as perfect a system of street 
illumination as it is possible to pro- 
duce. 


HIGH EFFICIENCY INCANDES- 
CENT LAMPS FOR STREET 
LIGHTING 


By Francis W. WILLCox. 


Incandescent lamps used in series 
form a simple and efficient method of 
lighting streets in small towns and sub- 
urban localities, and in fact all places 
where the result is to be obtained 
at a minimum expense,, and where 
the conditions do not permit the use 
of high candle power lamps of the arc 
type to obtain the desired illumination. 

Incandescent lamps have obvious 


advantages in street lighting work as 
they can be made in low candle power 
sizes and distributed at frequent inter- 
vals, thus securing a very uniform 
distribution of light as compared to 
the passing of greater total candle 
power at greater distances apart as in 
the case of higher candle-power illum- 
inants... Until the. last three on).four 
years the use of series lamps for 
street lighting has not been alto- 
gether satisfactory by reason— 

tst. Of the lack of efficient and re- 
liable devices for the automatic regu- 
lation of current. 

and, Of unsatisfactory apparatus for 
automatically cutting out the lamp on 
breakage of filament, and 

3rd. Unsatisfactory and inefficient 
incandescent lamp in the candle 
powers, ampere and voltage ranges 
required for this class of service. | 

As regards the regulating appara- | 
tus the various devices employed for 
are familiar to all central station 
managers and need not be described 
here. Sufficient to say that the bank 
board, the shunt box, the hand con- 
trol reactive coil and similar devices 
has given way to the constant current 
transformer. This excellent device 
automatically insures such a uniform 
and well regulated service that satis- 
factory life can be obtained from 
lamps of relatively much higher ef- 
ficiency than could be previously used. 
This improved regulating apparatus 
has therefore assisted to definitely. 
establish street series incandescent 
lighting on a satisfactory basis. 

Similarly in the automatic cutout of 
the lamp material improvement has 
been made by removing cutout from 
the base of the lamp to the socket and 
with the adoption of higher line 
voltages has insured a more certain 
action of the cutout film by which 
burned out lamp is short circuited and 
the current maintained uninterrupted. 

The incandescent lamps used for 
street series lighting have not in the 
past been altogether satisfactory due 
to a number of conditions, the lamp 
being a difficult one to manufacture 
owing to the heavy currents employed. 
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In justice to these previous lamps, 
however, it should be noted that their 
results would have been materially 
better had they been with modern con- 
stant current transformers and _ that, 
as bad as the lamps appeared to be, 
most of the troubles were caused by 
bad service conditions. 

In recent years material improve- 
ments have been made in the quality 
of street series lamps so as to enable 
them to withstand the rigors of the 
service and the price of the lamps has 
been greatly reduced so that the 
economy of series incandescent lamp 
service has been materially improved 
from the lamp standpoint. 


THE NEW HIGH EFFICIENCY SERIES 
LAMP. 


The most remarkable improvement, 
however, has been achieved in the past 
year with the discovery and develop- 
ment of the new General Electric 
Metalized or GEM filament and its 
application to street series lamps. 
The benefits of the metallizing process 
apply particularly. to lamps of the 
street series types which are in gen- 
eral lamps with sufficient thickness 
and size of filament to realize the full 
measure of improvement which this 
process can give. 

This metallizing process was dis- 
covered by Dr. Whitney of the Re- 
search Laboratory of the General 
Electric Co., Schenectady; N. Y., and 
was developed by the Laboratory at 
the Lamp Works, Harrison, N. J., and 
fully described by Mr. J. W. Howell, 
Engineer of the Edison Lamp Works 
at the annual meeting of the Institute 
of Electrical Engineers at Ashe- 
villeyy Ni Can tees. The par- 
ticular effect of this process is to make 
the filament much more refractory 
and thus to withstand a_ higher 
temperature for a given rate of de- 
terioration. This enables the filament 
to give a greater amount of light per 
unit of surface and thus operate at a 
higher efficiency. In the case of the 
usual type of street series lamps this 
improvement appears to be about 
30 per cent. in efficiency. This means 
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that the metallized filament street 
series lamps can be made of an effici- 
ency of 2.5 W. P. C. equal in life for 
any given candle power to that of the 
present 3.5 W. P..C. “This is the ‘ma- 
terial gain of one watt per candle and 
we can probably appreciate it more 
fully by reference to curves and ac- 
companying diagrams. 







Hours Useful Life 


ISIE TICY “47 


Ge ale, 


The curves show the life perform- 
ance taken to about 75 per cent. 
candle power at various efficiencies 
for the new and old filament. In the 
case of street series lamps the im- 
provement in life values is graphically 
portrayed. The improvement secured 
by the metallized filament appears to 
be largely due to reduction in blacken- 
ing. As is well known the change in 
candle power of incandescent lamp is.» 
due to two factors: 

Change in resistance of filament. 

Blackening of bulb. 

In the ordinary carbon filament the 
proportion of the loss of light due to 
these two causes is as follows: 

Due to blackening 55 per cent. of 
the loss. 3 
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Due to change in resistance 45 per 
cent. of the loss. 

‘On the new metallized filament it 
is estimated that this loss is propor- 
tioned as follows: 

Due to blackening 20 per cent. 

‘Due to change in resistance about 
80 per cent. 

The change of candle power of a 
lamp for series work due to change 
in resistance should theoretically be 
corrected by the automatic increase of 
voltage by which current is maintain- 
ed constant through filament. 

On this basis the new series lamp 
(with 80 per cent, of its loss in candle- 
power due to change in resistance) 
should develop more than the present 
lamp, the ideal characteristic of a ris- 
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In developing the new GEM fila- 
ment street series lamps the question 
arose as to what efficiency it was desir- 
able to adopt for this lamp for general 
conditions of central station service. 
At the present time there are two efh- 
ciencies for street series lamps, name- 
ly,375 “and 4 Sweep. Cea Rea aap 
c. efficiency is a relic of old condi- 
tions and poor regulation and with 
the use of the modern constant cur- 
rent transformer has been replaced 
largely by lamps of 3.5 w. p. c. effi- 
ciency. 

As far as conditions of service are 
concerned with apparatus available 
which will insure uniform regulating 
conditions, and such apparatus 1s 
available, but one efficiency would 
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ing candle power life curve. To 
illustrate this point I will call at- 
tention to Fig. 2. The rising candle 
power curve is actually given with 
lamps of 1 to 2 amperes, but for some 
reason does not develop with lamps of 
higher amperages. 

Street series lamps, life and candle 
power curves, however, show a tend- 
ency to hold up; for, with a given life 
to 80 per cent. of candle power—the 
life to 70 to 75 per cent. of candle 
power is four times as long. This 
suggests the use of a lower percentage 
limit. for useful candle power—7o per 
cent. to 75 per cent. instead of the 80 
per cent. value used for multiple lamps. 
The relative brilliancy of the new 
lamp would permit this particularly as 
the blackening at 70 per cent. is less 
than for present lamps at 80 per cent. 


seem necessary for series lamps. This 
class of central station service varies 
but little, as operating costs run about 
the same therefore, and the service 
is uniformly paid for on the basis 
ef lamp year or lamp month. It, 
therefore, seemed that the new GEM 
filament lamp should be made and 
supplied in but one efficiency, namely, 
that efficiency which would give cen- 
tral station companies the minimum 
operating cost for this class of service | 
covering cost of power delivered at 
the lamp and the cost of the lamp re- 
newals. | 

-Assuming the 25 c. p. lamp as a 
standard in the ranges of 5.5 ampere 
and below, there are in round figures 
practically three costs of lamp to con-. 
sider, namely, 30c., 40c. and Soc. 

Assuming further a cost per kilo- 
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watt hour delivered at the lanip of Ic., 
2c., 3c., and 4c. per. K. W.. hour, let 
us estimate the cost of light for an an- 
nual service of 4,000 hours for lamps 
of different efficienvies and plot the 
results as shown in the diagram, 
Fig. 3. The horizontal curves of 
this diagram represent the costs of 
lighting at different efficiencies cover- 
ing lamp renewals and power at the 
rate shown. The three curves in each 


group arise from the three costs of 


lamps 30c., 40c. and 50c. for the dif- 
ferent ampere ranges. You will notice 
that each of these curves has a mini- 
mum point, that is a point where the 
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sum of the power and lamp renewals 
at varying efficiencies is a minimum. 
_From these points are drawn the ver- 
tical lines shown which are lines indi- 
cating the efficiency for any given cost 
of power and cost of lamp that will 
secure the lowest cost of lighting ser- 
vice. 

The writer understands that a safe 
figure for the cost of power delivered 
to lamp, for this class of service, in- 
cluding all charges, fixed and operat- 
ing, is between 2 and 3 cents per K. W. 
hour. 
efficiency for the minimum cost, as- 
suming an average price of 4o cents 


On this basis it is seen that the 


per lamp, is about 2.7 w. p. c. This 
efficiency has been accordingly adopt- 
ed as the standard for the new GEM 
filament street series lamps with hopes 
that later higher efficiencies may be 
supplied. | 

The conditions of street series light- 
ing service are different from those 
of the ordinary consumer’s  ser- 
vice and greater emphasis must be 
laid on the life of the lamp. Further, 
owing to the fact that light is sold by 
the lamp month or lamp year, the 
cost to central station is the correct 
basis for determining the efficiency of 
these lamps, and therefore materially 
longer life is required than in the regu- 
lar lighting service with consumers. 
For this and other reasons it was de- 
cided to adopt the 2.7 w. p. c. efficiency 
for the new lamp although these new 
lamps could be supplied at 2.5 w. p. c. 
with a life equal to that of the present 
3.5 w. p. c. At the efficiency adopted, 
2.7, the life of the lamps will be about 
50 per cent. longer than that of the 
present 3.5 w. p. c. lamps, and about 
an equal amount less than that of the 
present 4 w. p. c. lamps; that is, the 
life will be a mean of the present life 
values of the present 3.5 and 4 w. p. 
c. lamps of the same candle power and 


-ampere range. 


To determine the value of these new 
lamps in comparison with the present 
lamps, let us estimate the annual K. 
W. hour saving therewith. 

Taking now the 25 c. p. lamps as a 
basis it gives a saving between the 
present and new lamp for the same 
life (1,000 hours) of 1 watt per candle 
or 25 watts. The actual hours of use 
for series lamps approximates 4,000 
hours use per year giving us 100 K.W. 
hours saving per year per socket. 
4,000 hours represents 4 lamp renew- 


-als per year so that the 100 K.W. hour 


total annual saving per socket is 25 
K.W. hours saving per lamp. This is 
worth at 2c. total cost per K. W. hour 
50c., or at Ic. total cost per K.W. hour 
25c., which represents the additional 
value of the new GEM series lamp 
in this candle power. The increase in 
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price of the lamp for this c.p. is less 
than roc. 

In street lighting service central 
stations sell by the lamp year, so that 
‘the new series lamp would not reduce 
the income of the company (as it 
would where light is sold by meter on 
watt-hour basis). Central stations 
would therefore receive the full bene- 
fit of the saving of the new lamp. 

Its effect on income would be some- 
thing like the following: 

_ Rates for street lighting are gen- 
erally about $1.00 per c.p. per year. 
For 25-c.p. lamp is paid per year 
$24.00. 

The income therefore for the 

same investment in station 

apparatus, 100 old lamps at 


BEA OO \ A a ne temas $2,400.00 
140 new lamps at $24.00... 3,360.00 
Crd. chee eae Le aia 960.00 
Expense: Lamp _ renewals, 

old lamps at 39c. ea., 5 re- 

héwals’ per year. es $195.00 


Expense lamp renewals, new 
lamps at 7c. added price 


Olt GO GRCE Ee Sige wk. 322.00 
Fixed charges in additional 

line equipment for 40 addi- 

tional new lamps ....... 30.00 


Potal Wise ign $352—S195=$157 


Deducting this difference of $157 
from the gain in income above, we find 
that the new lamp gives an additional 
net income of $803.00, or $8.03 per 
lamp per year. 

With the introduction of new series 
lamp it is desirable for Central station 
companies to eliminate many of the 
present variations in ampere ranges 
and candle power sizes of lamps. 

The following table shows the 
various types of street series lamps 
supplied and the watts and voltages 
‘per lamp for the two efficiencies of 


the present lamp and the new high- 


efficiency filament lamp. 

This table shows 7 ampere ranges 
and six candle-power sizes for each of 
42 kinds of lamps—altogether too 
many varieties, many of which should 
be climinated. 


CHOICE OF AMPERE RANGES. 

Choice of ampere range is deter- 
mined largely by the number of lamps 
of any given candle-power it is de- 
sired to run on one circuit. The higher 
the amperage the lower the voltage 
of lamp and therefore the greater the 
number of lamps that can be operated 
on a given circuit. The following 
table shows this number for the dif- 
ferent candle-powers and the ampere 
ranges for different primary voltages 
of 1,100, 2,200, etc., up to 5,500 volts. 
With the present constant current 
transformers it is practicable to em- 
ploy voltages of 5,500 volts and aver- 
age conditions will permit the use of at 
least 3,500 volts. It is desirable to 
keep the voltage above 3,000 to insure 
certainty of operation of the film cut- 
outs in the lamp sockets. 

The desirable number of lamps per 
circuit will vary according to condi- 
tions but appears to be from 100 to 
150 lamps. On this basis I have drawn 
in. on the table on page 201 (Table 
2) a black line to separate the candle- 
powers which for any given primary 
voltage will run 100 lamps per circuit. 
Taking 3,500 volts as an average pri- 
mary voltage, this permits of the use 
of the following candle-powers for the 
different ranges. 


1.75 ampere range 16 and 20 c.p. 
23:0 20, 25 and 30 c.p. 


205 20, 25, 30 and 40 c.p. 

5.5 ‘ 20, 25, 30, 40, 50 and 60 c.p. 
O.Gksor “ 20 to 75 ¢-p. inclusive. 

7.5 . nee! BOOM BIC D, 

9.6 < “20 to 100 c.p. _ 


By the use of 5,500 volts the range 
is extended to include 25 and 30 cp. 
on 1.75 ampere range, and all the 
candle-powers in the other ranges. 

Assuming 3,500 to 5,500 volts as 
the average circuit voltage, the above 
analysis shows us that it would not be 
necessary to employ higher amperages 
than 5.5 with 3,500 volts, or higher 
amperages than 3.5 or preferably 1.75 
amperes with 5,500 volts to obtain 100 
lamps per circuit. The use of lamps 
above 5.5 amperes seems to be con- 


fined largely to circuits in which 
the lamps used in series with 
arc lights. It is very desirable in point 


THE ILLUMINATING ENGINEER. 199 


Tas_e I. 


STREET SERIES LAMP DATA. 


Present Series Lamps. 








Ampere Candie = 4 WP. C. Kinciency. 
. Range Power. Volts. Watts. 
16 36.6 64.0 
20 45.77 80.0 
re | 25 57.2 100.0 
Lok SRA 30 68.6 120.0 
40 QI.4 160.0 
50 114.2 200.0 
20 26.7 80.0 
aes 23.3 100.C 
Oates ~ 30 40.0 120.0 
40 53.3 160.0 
50 60.7 200.0 
20 22.8 80.0 
25 28.6 _ 100.0 
‘ 30 34.0 120.0 
PUSH Nenad 40 45.7 cio 
50 57.2 200.0 
65 74.3 260.0 
20 14.55 80.0 
25 18.18 100.0 
; 30 21.8 120.0 
40 29.09 100.0 
GG torreon sees 36.36 200.0 
65 47.27 260.0 » 
75 . 54.54 300.0 
100 Pe 400.0 | 
wigs 90.91 500.0 
20 I-72 80.0 
25 15:18 100.0 
: 30 18.18 120.0 
40 24.24 160.0 
GOr i ae ) 50 30.30 200.0 
65 39.39 260.0 
75 45.45 300.0 
100 60.61 400.0 
L 125 75.76 500.0 
30 16.0 120.0 
40 218 160.0 
50 26.66 200.0 
7 PAGS NRL BAGS Fe 65 34.66 260.0 
75 40.0 300.0 
100 53-3 400.0 
125 66.66 500.0 
or BO Tate 120.0 
40 16.66 160.0 
50 20.85 200.0 
OG owas ss j 65 ye 260.0 
75 ang 300.0 
100 aie7. 400.0 
L fe mel 500.0 © 


of quality of lamps to keep the am- 
- perage of circuits as low as possible, 
as it is difficult to make series lamps of 
satisfactory quality of higher amper- 
ages where the volts per lamp is low 
and where the difficulties of exhaus- 
tion are therefore increased. The 5.5 
ampere ranges of any candle-power 


VOLTS AND WATTS PER LAMP FOR VARIOUS EFFICIENCIES. 


New GEM 
Tilament Series Lamps. 


3.5 W. P. C. Efficiency: 2.7 W. P.-C; Efficiency. 


Volts. Watts. Volts. Watts. 
32.0 56.0 24.70 43.2 
40.0 70.0 30.9 54.0 
50.0 87.5 38.60 67.5 
60.0 105.0 46.3 81.0 
80.0 140.0 61.70 108.0 

100.0 175.0 77.20 135.0 
23.3 70.0 18.00 54-0 
29.2 87.5 22.5 67.5 
35.0 105.0 27.0 81.0 
40.7 140.0 30.0 108.0 
58.3 175.0 45.0 135.0 
20.0 70.0 15.43 54.0 
25.0 87.5 19.30 67.5 
30.0 105.0 23.14 81.0 
40.0 140.0 30.85 108.0 
50.0 “75.0 38.5 135.0 
65.0 227.5 50.0 175.5 
12:72 70.0 9.818 54.0 
15.91 87.5 12.27 67.5 
19.09 105.0 14.727 81.0 
25.45 140.0 19.636 108.0 
31.81 175.0 24.545 135.0 
41.36 227.5 31.909 175.5 
47.72 262.5 36.818 202.5 
63.53 350.0 49.09 270.0 
79-5 437-5 61.36 337-5 
10.6 70.0 8.18 54.0 
13.26 87.5 10.23 67.5 
15.91 105.0 12:27 81.0 
21.23 140.0 16.36 108.0 
26.52 175.0 20.45 135.0 
34.47 227.5 26.59 175.5 
39.77 262.5 30.68 202.5 
53.03 359.0 40.91 270.0 
66.29 437-5 51.14 337-5 
14.0 105.0 10.80 81.0 
18.66 140.0 14.40 108.0 
23.33 175.0 18.0 135.0 
30.3 227.5 23.3 175.5 
35.0 262.5 27.0 202.5 
40.7 350.0 360.0 270.0 
57-7 432.5 45.0 337-5 
10.9 105.0 8.43 81.0 
14.6 140.0 11.25 108.0 
18.2 175.0 14.1 135.0 
23.7 227.5 18.3 175.5 
27.3 262.5 21.1 202.5 
36.5 350.0 28.1 270.0 
46.0 437-5 35.1 337-5 


give Detter lire: service, than..the 6.6 


ampere lamps of the same. candle- 
power. Likewise the 3.5 ampere 
lamps are better than the 5.5 ampere 
and the 1.75 ampere are better than 
the 3.5. ampere. Assuming candle- 
powers of 50 and less the best quality 
appears to be obtained in the ampere 
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ranges between one and three amperes. 

It is to be sincerely hoped that the 
trend of practice will abandon the use 
of the higher ampere ranges such as 
61%, 7% and 9% amperes. 

Table 3 shows the Series Lamps 
demand (Ordinary Filament), classi- 
fied by ampere ranges for the two effi- 
ciencies 3.5 and 4 w. p. c. 

Taste III. 


PER CENT. CLASSIFICATION BY AMPERE RANGES 
(ALL CP.’s.) 
2:1 aul 4.0 Total 
Amp. W.pCaa W.DICe ab, Wep.c All Eff. 
I-2 oO 77 0.6% “4.570 
2.1-2.5 O 1.6 ‘0 0.8 


2.75-3.2° ) 22'07G1 408 ‘0.7 7-3 
3.25-3.8 O 24.7 5.0 15.7 
ASCO 2.42 1.6 1.9 
52-530 © O58) 042-2 13:8 35.3 
6-7.8 One a 513.2 FA.2 21-1 
7.9-10 3.04 re 4.2 3.4 


" 100% 
DESIRABLE CANDLE POWERS 


What determines the desirable can- 
dle-power for street lighting service? 
This considers not only the size of unit 
in c.p. but the distribution therefrom 
and this will be the subject of another 
paper. It appears to be also fixed, in 
a large measure by conditions of com- 
petition. Competition for this class of 
service is principally against the Wels- 
bach gas lamps and it has been found 
by tests that the 30-c.p.. street series 
incandescent lamp, will under ordi- 
nary conditions, give equivalent illu- 
mination to. the ordinary Wels- 
bach street lamp. In practice the ma- 
jority of electric street series lamps are 
25 c.p. which some companies claim is 
the equivalent of the Welsbach light. 
Other companies employ 40 c.p. and 
50 c.p. in some cases in response to the 
demand for greater volume of light 
from public authorities. Lamps of the 
higher candle-powers 65 and 125 are 
apparently very little used and are re- 
quired for use chiefly on arc lighting 
circuits in the high ampere ranges. 
The following table (Table 4) is in- 
teresting as showing the relative per- 
centage demand for street series lamps 
in the various candle-powers for the 
two. efficiencies. This table shows 
that 9o per cent. and over of the lamps 


are from 20 to 40 c.p. only with 57 
per cent. in 20 and 25 c.p. 


TABLE IV. 
PER CENT. CLASSIFICATION OF DEMAND FOR ST, 
SERIES LAMPS BY CANDLE POWERS. » 
(ALL RANGES OF AMPERES. ) 
2:1 pas 4.0 Total 
oP Phe apc: WieP. Crys weWe pes eral Deets 
20225...) 2212% 6.2% BRC 50.8% 


BORON 777 35.0 31:5 37.6 

50-65 0.1 3.0 9.0 4.9 

75-125 O oO 2.0 0.7 
100% 100% 100% 100% ~ 


GENERAL CONCLUSIONS 

Summing up the various points we 
find that desirable practice for street 
series lamps covers the use of 25 to 
30-c.p. lamps in the ampere ranges of 
3.5 and less, preferably 1.75 amperes, 
employing a primary voltage of 3,500 
to 5,500 giving 100 or more lamps per 
CIPCUit: 


PRACTICAL ADVANTAGES OF INCAN- 
DESCENT LAMPS FOR STREET 
LIGHTING. ‘cee 


The best system of street light- 
ing is clearly that which gives an even 
light of sufficient intensity over all 
parts of the street. All form of street 
lights give plenty of light near the 
lamps. The limiting feature seems to 
be the intensity of light half way be- 
tween the lamps or at a considerable 
distance from the lamps where the 
light is weakest. If the light from the 
lamp be very strong, that at the half 
way point is rendered less effective by 
contrast. This, as we all remember, 
was the trouble with the old open arc 
lamp and the basis of improvement 
rendered by modern enclosed lamps 
and appurtenances. It is a well-known 
maxim that uniformity is the chief 
requisite of good illumination, and this 
is particularly true of street lighting 
where a very strong light placed at 
infrequent intervals may give a poor 
and unsatisfactory illumination due to 
lack of uniformity. This lack of uni- 
formity results not only in waste of 
light over this strongly illuminated 
area but still greater waste throughout 
by the reduction of the sensitiveness 
of the eye for the light. In many cases, 
therefore, the total amount of light 
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given and cost of illumination may be 
reduced materially to the betterment 
of the illumination. 

The series incandescent lamp hardly 
comes into competition with the arc 
light which is required for different 
conditions of service. The incan- 
descent lamp, however, does come 
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into competition with the Welsbach 
gas lamp which competition has oc- 
curred in localities where gas pipes 
and lamps are already installed. 

The series incandescent lamp, how- 
ever, with the improvements which 
are now available, should be able to 
effectually compete with the Welsbach 





TABLE IT. 


TABLE SHOWING NUMBER OF NEW GEM SERIES LAMPS 2.7 W. P. C. THAT CAN BE OPERATED ON A 
CIRCUIT WITH VARIOUS LINE VOLTAGES, 


Number of Lamps per Circuit for Primary Line Voltage of 


Ampere T100 
Range. CxP? Volts. (1000) 
16 24.70 +40 
20 30.90 32 
: 25 38.60 26 
W5 eee oer e eer eee 30 46.3 21 
40 61.70 16 
AO 77.20 13 
20 18.0 
25 22.5 
BOar ene eres : 30 27.0 
40 36.0 
50 45.0 
20 15.43 
25 19.30 
| 30 23.14 
EN ae Nee dee i0 30.85 
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light for street lighting service by rea- 
son of the following advantages: 


1st. Ease of control from a distance 
permitting lighting and extinguishing 
lamps as conditions may require, and 
therefore the ability to take full ad- 
vantage of a moonlight schedule as the 
weather permits. 

2nd. Lamps are less effected by 
weather conditions than the Welsbach 
lamps. Incandescent lamps lend them- 
selves to better and more accurate 
testing so that a more uniform product 


is insured. Also variation of pressure 


causing reduction of light is more 
readily detected and prevented with 
incandescent lights than with gas 
through the facility with which elec- 
tric current can be measured. Electric 
lanyps have also a materially better 


maintenance of candle power than- 


Welsbach lamps. 


3rd. The light of the incandescent 
lamp is yellow and more able to pene- 
trate fog and smoke than gas lamps, 
and these are conditions where the 
light is especially desirable. 

4th. Incandescent lamps can be in- 
stalled along interurban roads and 
urban localities more readily and at 
less expense than a similar installation 
of gas lamps. 

5th. Incandescent lamps operate so 
as to throw the light downward and 
therefore clearly illuminate the space 
beneath the lamp which is in shadow 
with gas lamps. 

6th. The incandescent lamp has the 
advantage of being suspended over the 
' street or roadway. The Welsbach 
light is placed on the sidewalk in most 
cases in line with trees which cast 
shadows and obstruct the light of the 
lamp. This last advantage always se- 
cures a better lighting effect from in- 
candescent lamps on the houses and 
building on the opposite side of the 
road than where gas lamps are used. 
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This is well illustrated by the fol- 
lowing photographs which are taken 
under exactly the same conditions. 

On the basis of cost, assuming the 
25-c._p. incandescent lamp as eqtiva- 
lent in illumination to the ordinary 
Welsbach we have the following com- 
parisons. 

Welsbach consumes 314 cubic feet 
for one thousand hours would cost 
at $1.00 per thousand for gas $3.50. 
The 25-c.p. incandescent lamp of the 
new high efficiency type will consume 
for 1,000 hours 62.5 kilowatts which 
would give an equal cost with that of 
the gas at a rate of a little over 5'%c. 
per k.w. hour. 

On this class of lighting service with 
long hours of use and large number of 
lamps such a rate should be profitable 
one and even lower rates might be 
profitably made. In general, of course, 
the k.w. hour rate is not made, simply 
a rate per lamp per year including 
power and lamp renewals. This would 


amount in aforesaid rates to $15.00 


per year for a 25-c.p. lamp. 

The illumination from street series 
lamps could be materially improved 
by the introduction of a suitable and 
efficient form of reflector for use with 
the lamps. The form of reflector in 
general use now is the same that was 
used 10 or 15 years ago. It presents 
few points of advantage and could be 
materially improved upon. 

The writer regrets that he has not 
had the time to go into the subject 
more thoroughly, but hopes the dis- 
cussion will bring out interesting 
data relative to many important ques- 
tions thereon, among others, the most 
desirable distance between lamps, the 
proper height and position of lamps, 
suitable type of reflectors for lamps, 
the desirable candle-power of lamps, 
etc.—in short the important questions 
of how best to obtain the most ef- 
fective light distribution. 
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Papers Presented to Scientific Societies 


HYGIENIC EFFECT OF LIGHTING 
BY GAS 


By A. P. Bearpstey, Pu.D.* 
New Encianp Ass’n oF Gas ENGINEERS, BOSTON. 


In studying the effect upon health of the 
air of rooms in which gas is burned,: it 
will be interesting first to give some at- 
tention to the matter of the changes of air 
in an ordinary room and the influence of 
gas lighting upon ventilation. This will 
bring up naturally to the more direct con- 
sideration of the composition of the air in 
gas lighted rooms and the effect of the 
products of combustion upon health. 

It is surprising how often the air changes 
even in rooms where no special attention 
is paid to securing good ventilation. Fresh 
air passes in through the crevices of doors 
and windows in the lower half of the room, 
and out through similar openings in the 
upper half, as well as through fireplaces 
and chimney openings. Even the. walls 
themselves help in the circulation. Experi- 
ment has shown that about 7 cubic ft. of 
air per hour pass in from outside through 
a square yard of wall when there is a dif- 
ference of go deg. of temperature inside 
and outside. Prof. V. B. Lewes, of the 
Royal Naval College, Greenwich, England, 
found that in a room Io ft. square and Io 
ft. high, containing a small fireplace, but no 
fire, and one window and door, which were 
kept closed, the air changed nearly three 
times in the course of an hour. This was 
by ventilation up the fireplace and through 
the walls and the crevices of window and 
door. Pettenkofer, a German chemist, 
found that in rooms of 1,400 cu. ft. capacity, 
with chimney openings, a quantity of air 
over three times the capacity of the rooms 
passed through every hour. With every 
visible chink and crevice except the chimney 
stopped, this quantity was diminished by 
only 28 per cent. He also found, in an- 
other investigation, that a good stove in- 
creased the quantity of air passing through 
the room by 50 per cent. 

_ The value of a. gas flame as an assistant 
in securing good ventilation is marked. 
The warmth of the air in the room pro- 
duces a natural flow upward, and this cur- 
rent is mutch intensified by the powerful 
draft created by a gas burner. Even in a 
closed room a more rapid change of air re- 
sults, for, as has been noticed, there is a 
very considerable passage of air through 
the crevices of such a room. If ventilating 
openings at the top of the room are pro- 
vided, an increased circulation results—pos- 
sibly too much in some weathers, on ac- 


* New Haven, Conn. 
; ean of Gas Lighting, April 13, 1897, page 
46. 


count of the loss of heat. In absence of 
special openings, however, much the same 
result may be obtained, and to any desired 
degree, by opening a window more or less 
at the top. In most houses, moreover, the 
living rooms communicate directly with a 
hall in which is a stairway, which consti- 
tutes a very effective ventilating shaft. 

Bearing directly upon this subject are 
the results obtained by Dr. Percy Frank- 
land in his analyses of the air in the Bir- 
mingham, England, Art Gallery. This 
gallery was lighted with incandescent gas 
lights, provided with ventilators overhead. 
It was feared by some that the use of gas 
might cause injury to the pictures, and that 
electric light should be substituted. Dr. 
Frankland was therefore called upon to test 
the air of the gallery: 


a, When no lights were in use. 

b. When electric arc lights were used. 

c. When incandescent gas lights. were in 
use. 

The results he found were as follows: 

a. In the absence of artificial illumination 
there was a slight increase in the amount 
of carbonic acid during the day. 

b. When electric arc lamps were used, 
this increase was distinctly more marked. 

c. When incandescent gas was used, the 
amount of carbonic acid was less than when 
there was no light at all. This showed very 
plainly the value of gas burners, when 
properly placed, as assistants in ventilation. 

Before leaving this subject, it may be 
well to notice that the air from the breath 
rises naturally on account of its warmth. 
Gas burners are in almost all cases located 
above the level of the head. They therefore 
take the air after it has passed through the 
lungs, not before, and hurry it along di- 
rectly and positively to the openings avail- 
able. 

Coming to the question of the effect of 
the combustion products of gas upon health, 
it has sometimes been claimed that acetylene 
and carbonic oxide were among these prod- 
ucts. Experiments by careful investigators, 
however, have uniformly failed to show the 
presence of acetylene. In regard to car- 
bonic oxide, some experimenters® have been 
unable to find any, while others* claim to 
have detected traces. The insignificant 
amount of the latter is shown by the follow- 
ing calculation: In a room 12 ft. wide, 16 
ft) lone. and 10 it) “high, having three 


2Journal of Gas Lighting, July 29, 1902, page 
267. 

3 Lancet, Jan. 5, 1895; Journal of Gas Lighting, 
Nov. 19, 1895, page 1,024. 

4 Journal of Gas Lighting, Nov. 24, 1903, page 


75+ 

5 Journal of Gas Lighting, Oct. 16, 1900, page 
948; also Report of Departmental Committee— 
Water Gas—English Government Blue Book, 1899. 
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changes of air per hour and lighted by a 
gas jet burning 6 cu. ft. per hour, the 
quantity of carbonic oxide which has been 
claimed would amount to about I part in 
3,000,000. As the amount required to pro- 
duce symptoms of poisoning, even after 
several hours’ exposure, is 1,500 parts in 
3,000,000, the matter cannot be considered 
of importance.’ 

Sulphur dioxide in almost infinitesimal 
quantities is also produced by a gas burner. 
During the last three months, New Haven 
gas has contained an average of 14 grains 
of sulphur per 100 cubic feet, the legal re- 
quirement for purity being 20 grains. . If 
we suppose a room of the same size as be- 
fore, ventilated and lighted in the same 
way, this quantity of sulphur dioxide would 
amount to'a little over 4% of 1 part per 
1,000,000. Four parts per 1,000,000 is the 
least quantity that can be detected by taste 
or smell, and there is no evidence whatever 
that this amount is in any way injurious. 
Actual experiment® has confirmed the in- 
significance of the sulphur in the air of gas 
lighted rooms. Gas containing more than 
twice the sulphur of New Haven gas was 
burned in a room about 10 ft. square and 
Io ft. high, care being taken to prevent 
natural ventilation as far as possible by 
puttying the cracks of doors and windows 
and varnishing the walls. The test was 
made in London, where the outside air con- 
tains vastly more sulphur than the air of 
our cities. Nevertheless, the maximum 
amount of sulphur dioxide obtained was 
about 1% of I part per 1,000,000. 


A cubic foot of gas such as is supplied 
in New Haven requires for its combustion 
the oxygen contained: in 6.02 cu. ft. of air, 
and forms in burning 0.82. cu. ft. of car- 
bonic acid and 1.15 cu. ft. of water vapor. 
A flat flame gas burner consumes about 6 
cu. ft. an hour. A Welsbach burner gives 
about three times the light with a consump- 
tion of 3.5 cu. ft. per hour, a little more 
than half that required for the flat flame. 
It is thus seen that flat flame burners pro- 
duce 6 0.82 == 4:02 > ci it) of carbonic 
acid per hour, and a Welsbach burner 
2.5 xX 0.82 ==12.87 ci. it per our, 

Regarding the amount of carbonic acid 
in the human breath, probably the most ac- 
curate figures are those obtained in the 
respiration calorimeter experiments which 
have been conducted at Middletown, Conn., 
by Prof. W. O. Atwater, assisted by Prof. 
Rosa and Prof. Benedict.’ These men find 
that the amount of carbonic acid exhaled va- 
ries greatly, according to the amount of work 
a man is doing. A man sleeping produces 
about 0.48 cu. ft. per hour, one exercising 
moderately about 1.9 cu. ft., and one per- 
forming very severe exercise about 4 cu. 
ft. Inthe ordinary living room aman seated 


® Journal of Gas Lighting, Sept. 6, 1904, page 
672. 
“Year Book of U. S. Dept. of Agriculture, 1904. 
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will exhale about 0.76 cu. ft. of carbonic 
acid per hour. In addition, organic matter 
of bad odor is also evolved both by the 
lungs and skin. 

In estimating the amount of carbonic 
acid ordinarily present in a living room, 
let us again suppose a room 12 ft. wide, 16 
ft. long and to ft. high, in which three peo- 
ple are sitting. The room is lighted by a 
Welsbach burner overhead, which will give 
as much light as three ordinary burners or 
three and one-half 16-candle electric bulbs. 
It has been said before that with a room 
shut, as far as doors and windows are con- 
cerned, but with a fireplace, the air changes 
about three times per hour. It may be men- 
tioned in passing that these experiments 
were conducted abroad, where the fireplaces 
are not nearly as large as our own. With 


doors open to the hall, or with the window 


slightly open at the top, the gas would cer- 
tainly produce a better ventilation than three 
changes per hour. However, let us calcu- 
late on this latter figure. The air in this 
room would then contain I1.95 parts of 
carbon dioxide in 10,000, of which 3 would 
be that always present in fresh air, 5 that 


produced by the gas, and 39.5 that produced 


by the people. Just here a word in anticipa- 
tion. While the carbonic acid produced by 
gas is the same substance as that produced 


_by persons, the indication it affords of the 


fitness of the air for breathing is not at all 
the same. This point will be explained 
later. Prof. R. C. Carpenter, of Cornell, 
gives 8 parts of carbonic acid in 10.000 as 


_a standard of good ventilation, but this 


figure, as will be understood later, is to be 
referred to the carbonic acid produced by 
people plus that always present in fresh 
air. In the above case the sum of these two 
is 6.95. 

An actual test along this line has been 
made by the same Prof. Lewes before 
mentioned. He experimented with a sitting 
room 12 ft. long, 16 ft. wide and 12 ft. high. 
The room has a door and a window, which 
were kept closed, and a fireplace. It was 
lighted by three 7-ft. flat flame burners, and 
occupied by two people. The air in this 
room, closed tightly, as said, changed 14 
times in five hours, and at the end of that 


period Prof. Lewes found only 21 parts 


of carbonic acid in 10,000. As stated, three 
large burners were used in this case. 


It is to be noted that the carbonic acid 
produced by burning gas is accompanied 
only by water vapor and some insignificant 
amounts of sulphur compounds. The car- 
bonic acid from human beings, however, is 
accompanied both by water vapor and or- 
ganic impurities from the lungs and skin. 
This is an important fact, because, startling 
as it may sound, carbonic acid itself has 
no poisonous or injurious effect on the 
system. Regulations as to the amount of 
carbonic acid permissible in the air of a 
room are made because it is found that the 


THE ILLUMINATING ENGINEER. 


organic impurities and the carbonic acid 
given off from the body bear a regular pro- 
portion to each other. It is difficult to di- 
rectly determine the amount of organic im- 
purities present, but if the amount of car- 
bonic acid is learned, the organic impuri- 
ties are known by inference. The state- 
ment that carbonic acid itself is not at all 
harmful is, of course, contrary to the older 
belief, but it is the conclusion of the best 
investigations. Among these may be men- 
tioned the researches of Pettenkofer; the 
report OL vrs’ jar ose Dillmigs, S,°-Weir 
Mitchell and D. H. Bergey to the Smith- 
sonian Institute; the report? of the British 
Departmental Committee to consider the 
ventilation of factories, and last and most 
important, the results of the experiments 
with the respiration calorimeter at Middle- 
town, Conn.* 

The men who are the subjects of these 
latter experiments live uninterruptedly for 
days in an atmosphere containing never less 
than 27 parts of carbonic acid in 10,000, or 
g times the amount in fresh air, and usually 
much more; sometimes as much as 225 
parts per 10,000, or 75 times normal. In 
not one case has any ill effect been ob- 
served, either during the experiment or at 
any time afterward, nor have numerous 
blood counts shown any anemic tendency. 
The men fail in regular health and are per- 
fectly unaware from any sensation of the 
great amount of carbonic acid present. It 
should be mentioned, however, that the air 
is dried before being supplied to the men. 
Professor Benedict, who conducts the ex- 
periments, told the writer that it was im- 
possible, even under the worst conditions 
of ventilation, to produce in a room an 
amount of carbonic acid which in itself 
would have an ill effect. 

It appears, then, that we may not attri- 
bute a sensation of close or bad air in a 
room to an excess of carbonic acid. Au- 
thorities tell us also that any ordinary di- 
minution of the per cent. of oxygen present 
cannot account for it... The cause seems 
to be something quite different. Professor 
Benedict, in common with other investiga- 
tors, lays it to three factors. The first, 
though not the most important, is un- 
pleasant odors. The effect of these is men- 
tal rather than physical, but very real, 
nevertheless. But the two most important 
causes of closeness are high temperature 
and excessive moisture, particularly the 
latter. Temperature and moisture are re- 
lated to each other in the fact that with a 
high temperature more moisture is allow- 
able and necessary than with a low tempera- 


8’ Smithsonian Contributions to Knowledge, Vol. 
29. 
®» Government Blue Book, 1902; also Journal of 
Gas Lighting, Nov. 25, 1902, page 1,398. 

10 Year Book of the U. S. Dept. of Agriculture 
for 1904. 

11 Smithsonian Contributions to Knowledge, Vol. 
209. 
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ture. A certain balance between the two, 
or a per cent. of saturation, is necessary 
for health and comfort. The removal of 
moisture from the body by insensible per- 
spiration and by the breath will be unduly 
hastened or hindered, as the case may be, 
according as there is a lack or an excess 
of moisture in the air. An excess of mois- 
turc, however, appears to be most often re- 
sponsible for discomfort. 

Since water vapor is one the products of 
the combustion of gas, we are at once met 
by the question: What is the effect of gas 
lights upon the moisture in a room? A 
certain amount of water vapor, as said, is 
necessary for health and comfort. Authori- 
ties say about 50 per cent. of that required 
to produce saturation of the air is the 
proper amount. It is only in the summer 
time that the air of our houses, as drawn 
in from outside, contains that amount. As 
soon as fall comes and the furnaces are 
started, the usual complaint is of the dry- 
ness of our rooms, and water is often pur- 
posely evaporated to supply the lack. It is 
only in the summer, therefore, that the 
moisture from the gas flame would be un- 
desirable, and in the summer time our’ 
houses are as open as it is possible to make 
them. With air pouring in through every 
door and window, the moisture added to the 
air by a gas flame is indistinguishable. 
During the rest of the year the addition of 
moisture by gas is not only not an annoy- 
ance, but a benefit. 

In conclusion, it may be said that it is 
anything but the object of this paper .to 
undervalue the importance of good ventila- 
tion. That is a matter of which experience 
has shown the necessity, irrespective of the 
question of lighting. It does appear, how- 
ever, that efforts to show the poisonous 
character of the products of the combustion 
of gas lack corroboration by the best scien- 
tific investigations, and it is in the effort 
to present a few of these facts that this 
paper has been undertaken. 


WORK WITH ILLUMINATION AND 
STREET PHOTOMETERS* 
W. E. Caton. 


The question of the candle-power of va- 
rious lamps and burners is one which daily 
comes into greater prominence. The author, 
therefore, thinks that gas engineers should 
do more in the way of testing lamps and 
burners in position where they are fixed. 
The subject the writer has chosen will 
bring before your notice two photometers 
—an illuminating power photometer and a 
street photometer—both of which are de- 
signed for this purpose, and which he has 
used with considerable advantage. 


* Paper read before the Midland Junior Gas 
fngineering Association, England. 
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THE ILLUMINATING POWER PHOTOMETER. 


The illuminating power photometer dif- 
fers from most photometers in this respect, 
that the readings are recorded in parts of 
a candle-foot. [A candle-foot, of course, 
being the amount of light given by a stand- 
ard sperm candle at a foot distance.] The 
use of this photometer has been very ex- 
haustively dealt with by Mr. Henry Fowler, 
the Gas Engineer to the Midland Railway 
Company, in a paper read by him before 
the Manchester District Institution of Gas 
Engineers on March 7, 1904, but presented 
for the previous December meeting. For 
the benefit of those who have not perused 
this communication, I will read some of 
his remarks as an introduction to my paper. 

The theoretical calculation of the amount 
of illumination on any plane may be easily 
arrived at if the whole of the light is con- 
centrated at one point by the following 
method: In Fig. 1, let A be the source of 
light, having an intensity in every direc- 
tion of x candles, and B a point directly 
below it. We know that the illumination 
at B is equal to 4 divided by A B’? (A B 

x 


of a 





being in feet) and is therefore 
A B? 

At C, on a plane at right an- 
x 


candle foot. 


; but 





gles to A C, the illumination is 
2 


x 


AC 
multiplied by the cosine of the angle of in- 
cidence B A C, and therefore is equal to 
xX AB 4X GACB 





on a plane at right angles to A B is 
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This is simply the candle-power multiplied 
by the cosine of the angle of incidence and 
divided by the square of the slant distance. 
A curve (1) of the illumination along 
B C is shown under Fig. 2 as a full line, 
in which # is assumed to be 50 candles and 
A B to be 10 feet. This is, of course, the 
curve for a single light. If other lights 
have to be considered, the illumination 
along C B is the sum of the respective il- 
luminations given by them. Assuming an- 
other light to be at D (Fig. 1), A D be- 
ing equal to one and a-half times A B, the 
illumination from these two lights will be 
the sum of the curves I and 2, as shown 
by curve 3 (Fig. 2). It will be seen that 
the actual amount of illumination on a 
given spot—such, for instance, as on any 
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floor of a room, on a desk or table, ete — 
can be theoretically calculated. : 

Various forms of illumination photome- 
ters have been devised; but the one the 
author has been using—the Preece-Trotter 
photometer—is the most reliable. Fig. 3 
shows a section through this type of pho- 
tometer, which consists of a body A, of 
3-inch diameter tube, attached to a stand 
B, which may be placed directly on the 
floor or on a tripod as required. C is an 
amyl-acetate lamp screwed into a casing D 
from beneath, which allows the flame to be 
adjusted to a standard height, which is 
indicated by means of the gauge T. The 
ends G G of the photometer are secured 
by means of bayonet joints. Near the 
lamp is provided a mirror, to allow of the 
flame being inspected without taking the 
end off. The inclined Bristol board H is 
directly pivoted to the lever I, the end of 
which works on the quadrant marked with 
the reading in parts of a candle foot. The 
disc J is held down by a circular rim, and 
has in it a slot lying at right angles to the 
axis.of the barrel. K K are metal screens 
with pear-shaped holes in them, which pre- 
vent, to some extent, the stray reflections 
which take place in the interior of a box 
however carefully it may have been black- 
ened. The scale is marked for readings 
from 0 to 2.2 of a candle foot; the amyl- 
acetate lamp giving on the bar a reading 
of 0.25 candle. 





To take a reading, it is necessary to move 
the lever backwards and forwards, expos- 
ing the Bristol board to the standard light 
at different angles, which is seen through 
the slot in the circular cardboard disc. The 
illumination on the Bristol board increases 
as the same approaches the vertical, and 


vice-versa. The rays of light from the 
lamp under test shine on to the circular 
cardboard disc; and by moving the lever, 
as previously stated, until the same density 
of light is obtained on the disc and through 
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the slot, the reading on the quadrant scale 
_ can then be observed. It will, therefore, 
be seen that this is practically a “Flicker” 
photometer. With this photometer, one is 
able to actuaily read the illumination on a 
given spot in parts of a candle-foot which 
has been theoretically calculated. 

From any reading thus taken the actual 
candle-power of the lamp can be calculated 
by the aid of the formula given. It will 
be found that the candle-power varies con- 
siderably with the angle at which it is 
taken. Take, for instance, an ordinary in- 
candescent burner, ten feet high. The the- 
oretical illumination is greatest directly un- 
derneath. But in practice the highest il- 
lumination will be found at a short distance 
away, owing to the shadow cast by the 
burner; and the further you get away, the 
candle-power will slightly increase, owing 
to the burner not cutting off from view so 
great a portion of the mantle. This is 
overcome by the inverted incandescent gas 
burners. With this type of photometer 
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The street photometer which the author 
has used is the Simmance-Abady. Fig. 4 
shows a form of this type of photometer, 
which consists of a box about 2 ft. 8 in. 
long by 11 in. wide by 1 ft. 6 in. high. In- 
side this box a small tank A, containing 
pentane, is fixed, which supplies the burner 
B with pentane vaper by means of rubber 
tubing. This burner, when adjusted to 
the proper height, gives a light equal to 
one standard sperm candle, and is capable 
of being moved from end to end of the box 
by means of a cord actuated by a screw C. 
On the front of the box is a blue glass 
scale, marked in inches and tenths of an 
inch from the center of the “Flicker” head. 
Outside the box is fixed one of Simmance 
& Abady’s “Flicker” photometers, by means 
of which lights of blue, green, red or any 
other color can be tested with accuracy. 
The whole is mounted on a carriage and is 
capable of being wheeled from place to 
place. 

To make a test of a lamp it is necessary, 
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curves of illumination can be taken longi- 
tudinally and crossway of a room, shop 
or large building, for comparison (say) 
with another room lighted in a different 
way. 

Some of the disadvantages of this type 
of photometer—which is, the author be- 
lieves, the only one of its kind in use—are 
that no readings can be taken directly un- 
der a light; while the amyl-acetate lamp, 
giving a reddish colored light, requires a 
considerable amount of practice to read 
accurately when testing electric arcs or in- 
candescent gas lights, also, owing to 
draughts affecting the standard flame, it 
can only be used outside on a still, fine 
night. The author thinks if some similar 
photometer was designed at the present 
tinie which would do away with the color 
difficulty, and in which a higher standard 
was used, a demand for it would soon 
spring up, as he feels sure something after 
this kind would be found very useful to 
the engineer in these days of keen com: 
petition with the electric light. 


after having decided on the horizontal dis- 
tance away from the lamp, to find the an- 
gle of elevation of the lamp, then bisect 
this angle and fix the “Flicker” head to 
this bisected angle, as shown on the divided 
scale. Start the “Flicker” going by turn- 
ing the screw D, and move the standard 
burner, by the aid of the screw C, to a 
position where the flickering disappears. 
Take notice of this position as indicated by 
the pointer on the blue glass scale. The 
horizontal distance between the flicker head 
and the center line of the lamp being ac- 
curately measured and the angle of eleva- 
tion taken, it is easy to find the distance 
from the flicker head to the center of the 
light. The distance, expressed in inches 
squared, divided by the square of the dis- 
tance as noted on the blue glass scale, gives 
the candle-power of the lamp. This pho- 
tometer cannot be used to test the illumina- 
tion on a given plane, as can the Preece- 
Trotter illumination photometer, but only 
records the actual candle-power of the lamp 
under test. 
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GENERATION AND USE OF 
ACETYLENE 


By Sir CHarwes S. ForseEs. 


(Abstract of paper presented before the 
Association of Engineers-in-Charge, Eng- 
land. ) 


After referring to the furnaces used for 
the. manufacture of the carbide, he passed 
on to the generation of acetylene gas; re- 
marking that the action of water upon car- 
bide was extremely rapid, and gave rise, un- 
less in some way controlled, to a great deal 
of heat. Properly designed acetylene gen- 
erators must therefore be so constructed 
as to get rid of the heat as formed, in 
order not to allow the temperature of the 
gas to become excessively high, - If this 
were not done, the gas was split up into 
other compounds. The regulations of the 
Acetylene Association were to the effect 
that the gas, before leaving the generator, 
must not be of a higher temperature than 
the boiling-point of water; and the Home 
Office insisted that it must not be stored at 
a higher pressure than that of a column of 
water 20 inches high. The author then de- 
scribed the various types of generators, 
which he classified for this purpose as fol- 
lows: (1) Automatic generators with. car- 
bide in excess; (2) automatic generators 
with water in excess, where the water is 
made to rise up under and attack the car- 
bide; (3) non-automatic generators with 
water in excess, where the water is made 
to rise up and attack the carbide; (4) non- 
automatic carbide-to-water generators, with 
water in excess; and (5) automatic carbide- 
to-water generators, with water in excess. 
Allusion was also made to the Atkins dry 
process, in which, instead of employing 
water for the generation of the gas, use is 
made of powdered washing soda, which is 
mixed with granulated carbide in an ap- 
paratus closely resembling a barrel-churn, 
the handle of which is turned round and 
the gas gradually generated and stored for 
use in the holder. In this case, it was claim- 
ed that a bye-product was produced which 
was valuable and saleable; but he (Sir 
Charles) had not had an opportunity of 
verifying or checking the statement. No 
systematic method had yet been adopted for 
the disposal of residues from acetylene 
generators; but when this was done (as no 
doubt it would be some day) the cost of the 
gas would, of course, be less. 

Passing to the question of pipes and 
fittings, the author said, as the amount of 
gas used in an acetylene burner was less 
in proportion to the light given than in the 
case of other gas, it would appear, at first 
sight, as if much smaller pipes were neces- 
sary. It was a mistake, however, to run 
the main pipes in a building too small, 
though the service-pipes to the burners 
themselves could, if required, be left as 


small as % inch for a short distance. In 
no case should anything but iron pipes be 
uséd in the house—except, of course, where 
brass was employed for the sake of appear- 
ance. Compo. pipe was not to be recom- 
mended, owing to its liability to mechanical 
damage. In the fittings, great care should 
be taken to see that the cocks and joints 
were all well ground in, and had plenty of 
bearing surface; any bad work would result 
in annoyance. Special attention was 
drawn to the acetylene burner introduced 
by Messrs. Geo. Bray and Co., which al- 
lows of the flame being turned down with- 
out any choking from carbon resulting. 
Touching upon incandescent acetylene 
lighting, Sir Charles said that, so far as his 
short experience went, he could not get 
the mantles to last more than a few days, 
as when lighting the gas they were apt to 
break. At present he was afraid that acety- 
lene could not compare favorably in cost 
for cooking purposes with gas or oil; but 
it was, of course, much cheaper for this 
purpose than electricity. There had, how- 
ever, lately been a very important develop- 
ment in the use of acetylene for welding, 
owing to the introduction of an oxygen 
blow-pipe invented by M. Fouche, of Paris. 
The results obtainable in welding iron and 
steel with this process were, he said, noth- 
ing short of marvelous. Acetylene could, 
he concluded, easily be employed for driv- 
ing gas-engines. Acetylene for power pur- 
poses was, however, as at present used, 
distinctly expensive; and for this reason, 
he would advocate the adoption of electric 
ignition instead of the tube, since, so far 
as he could see, the bunsen burner for the 
tube would consume as much gas as would 
drive a fair-sized engine. 

The paper was followed by a brief dis- 
cussion, in the course of which Mr. F. S. 
Thorn referred to the question of the use 
of incandescent mantles with acetylene. 
He said that with the bursting of a mantle 
the expense of a new one was not the only 
trouble; another result was that everything 
in the room was in a very few moments 
covered with lampblack or soot in its worst 
form. Another speaker, Mr. Horace Allen, 
said that in using acetylene the first dif- 
ficulty met with was in opening the recep- 
tacle containing the calcium carbide. This 
could not be done near an inhabited room. 
Then, again, there was the trouble of get- 
ting rid of the refuse. Sir Charles Forbes, 
in replying to points that had been raised, 
said his reason for claiming that acetylene 
was a better light than electricity, was that 
his lady friends said they could not see 
properly with electricity, and that they could 
with acetylene. The incandescent electric 
lamp was very trying to the eyes unless the 
right pressure was on; but if the correct 
pressure could be always maintained, it 
was, of course, extremely good and con- 
venient. 
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Tue DistripuTioN oF ILLUMINATION IN 
THE NEIGHBORHOOD oF Two Lamps.—J. 
R. Benton. Electrical World, May 5, 
1906. 

The general object of the paper is. in- 
dicated in the opening paragraph: © 

“The distribution of illumination in the 
neighborhood of a single source of light 
follows a very simple law, being inversely 
proportional to the square of the distance 
from the source; but when illumination 
takes place from several sources its dis- 
tribution becomes far more complicated, 
and cannot generally be computed in ad- 
vance. In practice, illumination is very 
frequently effected by using several 
sources, as when lamps are placed at inter- 
vals near the ceiling of a room. It would 
be advantageous if the illumination to be 
obtained at any point by such an: arrange- 
ment could be computed in advance, since 
the information gained by a mathematical 
study of the condition would be helpful in 
deciding upon the best number, spacing 
and power for the lamps to be used.” 

Mr. Benton discusses the following three 
propositions: 

“(1) When the positions of the two 
' sources and their candle-powers have been 
fixed upon, to find the resulting intensity 
of illumination at any point; 

(2) When the positions, but not the 
powers, of the two sources have been fixed 
upon, to decide what is the proper candle- 
power for each in order to produce a given 
illumination at given points; 

(3) When the positions of the sources 
have not been fixed upon, to ascertain how 
they should be placed in order to get the 
best distribution of light in a room of 
any given shape and size.” 

Assuming the light-sources to be points, 
and hence distributing their light uniform- 
ly in every direction, the writer proceeds 
to set forth a mathematical solution of 
such a_ proposition. Since commercial 
light-sources are never points, and there- 
fore never distribute their light anywhere 
near equally in all directions, the formule 
and tables given would seem to be of little 
use to the illuminating engineer. To con- 
sider a chandelier a point is certainly a 
discrepancy too wide even for the admitted- 
ly rather loose calculations which must 
usually serve in illuminating engineering 
problems. Furthermore, if a chandelier 
as a whole be considered as_ single light- 
source, the number of light-sources which 
need be taken into calculations in determin- 
ing the illumination upon any given surface 
is not so large as to render the problem 
“impractically laborious.” The practical 


problem that confronts the illuminating 
engineer in predetermining the location and 
character of the light-source is the manner 
in which the units, whether single light- 
sources, or a collection supported by a 
single fixture, distribute their light in a 
vertical plane, and his skill will be best 


applied in determining what form of re- 


flector or accessory will be required to so 
distribute the light when the fixtures are 
placed in some acceptable position so as to 
give as nearly as possible the theoretical 
illumination required on some basis as- 
sumed as a standard. To evolve long 
formulae on the theory of point source is 
simply “loves labor lost,” so far as il- 
luminating engineering is concerned. 





Tue Licutine or Desxs. J. R. Cravath 
and V. R. Lansingh. Electrical World, 
May 5, 1900. 

An article on this practical and important 
subject illustrated with nine half-tone cuts. 
The writers set down the following rules 
for proper desk lighting: 

“1. The light should be out of the line 
of ordinary vision of the person working 
at the desk or should be shaded so that 
the rays cannot strike the eye. 

2. The position of the lamp with refer- 
ence to the top of the desk should be such 
that the worker at the desk will not re- 
ceive the regular reflection or glare from 
paper on the desk. This regular reflection 
is one of the commonest causes of trouble 
in continued working at an artificially 
lighted desk. 

3. The light should be 
streaks or striations. 

4. Too. great intensity of light should 
be avoided. An intensity of from 3 to 
5 candle-feet (normal) on the top of the 
desk is about right. 

5... The light should be steady—in other 
words, should not be swinging; and_ if 
it is electric light the voltage regulation 
must be good.” 

In giving 32 to 5 foot-candles as the 
requisite illumination we believe they have 
overstepped the mark, as the important ob- 
jects which are viewed at a desk are white, 
ond an illumination of 5 foot-candles in- 
tensity would seem to be unnecessarily 
brilliant. 

The writers call attention to the fact 
that their illustrations are not taken by 
ortificial light produced for the desk, but 
hy daylight, stating that “as a matter of 
fact, it would be impossible. as any pho- 
tographer knows. to take such photographs 
by artificial light.” 
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The authors show an arrangement which 
they state is “one of the most satisfactory, 
comfortable and efficient ways of desk 
lighting.” The lamp is located on a 
bracket at the left hand of the desk. The 
bracket is equipped with a concentrating 
type of prismatic glass reflector. Again 
we must dissent from their opinion. ‘The 
lamp is placed sufficiently high to shine 
directly into, the eyes. The fact that it 
is above the line of vision, that is, above 
the height of the eyes of the person sitting 
at the desk, does not by any means remove 
the objection which they set down as the 
first requirement. -In fact a lamp above 
the line of vision and still in such position 
as to shine into the eye, produces one of 
the worst possible effects. The light reaches 
the eye from such a source at an unusual 
angle and is extremely fatiguing. 

The illustration given below (Fig. 1) is 
from a photograph taken entirely by arti- 
ficial light, which is a perfectly simple mat- 
ter, and also by the single desk light as 
shown. The fact that the lamp and reflec- 
tor are lost in the photo is a clear indica- 
tion that the effect on the eyes would be 
glaring and unpleasant. 

Their views of the proper positions for 
standard portable desk lights are open to 
the same criticism. 

In only one of the illustrations can we 
agree with the writers as to good desk 
lighting, and that is the lamp on the flat 
top desk. In this case the lamp is brought 
forward to the extreme left hand corner 
of the desk and the reflector shade so 
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turned as to throw the light upon the paper 
while entirely hiding the lamp from view. 

Fig. 2 shows an arrangement for a desk 
light that is free from all the objections we 
have made. The small reflector at the left 
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entirely hides the lamp, while giving a 
strong light at the proper angle. The lamp 
and reflector are turned back when the 
desk is closed. 





FIG. 2. 


ARTIFICIAL ILLUMINATION.—Dr. Edwin 
James Houston. Electrical Age, April, 
being the eleventh article in the series. 


In this article the author discusses “that 
type of artificial illumination which requires 
the use of a light of marked brilliancy, - 
with color values closely approaching those 
of ordinary sunlight. In all the cases which 
come under this head, i. e., ball-rooms, 
theatres, the lobbies, grand staircases, and 
dining rooms of large hotels, bowling 
alleys, billiard rooms and barber shops, the 
entire space requires a brilliant and uni- 
form illumination.” 

The article deals in the same general 
manner with these problems as with the 
problems dealt with in the preceeding num- 
bers of the series. A series of illustrations 
are given, in a number of which care is 
taken to specify the particular make of in- 
candescent lamp which is used in the in- 
stallation. 

We fear that the ladies will take ex- 
ception to Dr. Houston’s statement that 
“the illumination should have color values 
closely approaching those of ordinary sun- 
light in the illumination of ball rooms.” 
It is an open secret with this important 
clientelle, that the mellowness of gas light 
hides a multitude of bad complexions. and 
a light of sunlight color value would be 
considered vulgar and glaring. Electric 
arc lamps, which are even more searching 
than daylight, may be turned upon the 
stage, where grease paint constitues the 
complexions of those exposed to its rays. 
but what manager would have the hardi- 
hood to throw a light of this quality upon 
the audience? 
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The writer further states that “either arc 
or incandescent lamps are suitable for the 
illumination of a ball room. If the arc 
lamps only are employed, they should be 
of the inclosed type and preferably be pro- 
vided with translucent or strongly frosted 
globes. A combination of arc and incan- 
descent lamps, however, produces a more 
pleasing effect than arc lamps alone, while, 
perhaps, the most pleasing effects possible 
are obtained by the suitable distribution of 
incandescent lamps of such high efficiency 
as to insure a close approach in their color 
values to those of daylight.” 

Enclosed lamps would undoubtedly “fill 

the bill’ so far as furnishing light is con- 
cerned, especially since the “work done in 
a ball room is not of such a character as 
to require the most distinct vision.” The 
quality of the light might depend upon the 
quality of the ball room. We can conceive 
of ball rooms where arc lamps would be 
admissible, but they are not the kind that 
good illuminating engineers are in the habit 
of frequenting. As to a combination of 
arc and incandescent lamps: that is an 
abuse of good illuminants which can 
scarcely be condoned on any conditions 
whatever. “ 
' The writer speaks several times of “the 
brilliancy that is not only permissible but 
desirable in such cases,’ but does not give 
any figures as to the requisite intensity in 
foot-candles. 

There is some discussion of fixtures and 
accessories, and stress is laid upon the 
necessity of ‘keeping lights out. of ‘the 
direct range of vision. The latter half of 
the article is taken’ up with discussion of 
special illumination in factories, mills, 
workshops, etc., and also the projection of 
light by lenses and’ reflectors. The direc- 
tions given are such as’ are generally 
familiar to the layman. 


TWENTY-FIVE CycLte Licutinc.—Chas. F. 
Scott. The Electric Journal, April, 1906. 


After discussing briefly the physical and 
electrical action of such a current upon the 
ordinary incandescent lamp, the writer 
states : 

“The eye is apparently more sensitive to 
the rapid variations in illumination when 
the light is reflected from a surface, such 
as a white wall, than it is when it comes 
directly from the filament of the lamp. 
Different portions of the retina are not 
equally sensitive, light impinging upon the 
eve at an angle of about 45 degrees seems 
to strike a moxe sensitive region than light 
which comes from directly in front of the 
eye. 

“In considering the effect upon the eye 
it is necessary to consider not only those 
vibrations which may be readily observed 
or detected when they are looked for, but 
also to note whether the fluctuations pro- 


duce fatigue or nervousness, as the result 
of continuous use of the light in office 
work, although there may be no apparent 
immediate inconvenience. I recall that the 
eminent physicist, the late Professor Row- 
land, remarked that the proper test for the 
operation of incandescent lamps on low fre- 
quency alternating current would be ‘to 
have an old lady use the light for reading 
and see whether, it hurt her eyes. On 
second thought, this suggestion that the 
problem is really a physiological one does 
not seem to be far wrong. 

“The problem is certainly a very interest- 


ing one from the theoretical standpoint. The 


real test, however, is the practical one of ac- 
tual experience. Twenty-five cycle current 
is in pretty general use for incandescent 
lighting. The report in this issue of the 
illumination of the City of Buffalo is quite 
to the point. My own view of the matter 
is to the effect that the illumination by in- 
candescent lamps at 25 cycles is, in general, 
quite satisfactory for most purposes, but 
it is impossible to give a broad assurance 
that it will always be found satisfactory 
for the reason that differences in the charac- 
ter of the current supplied and of the 
lamps used are important factors, and, 
moreover, lamps that would be satisfactory 
under most surroundings and for many 
kinds of service might be unsatisfactory in 
other surroundings when the requirements 
were quite exacting. 


LIGHTING’ ON 25 Cycles IN BuFFALo.—H. 
B. Alverson. The Electric Journal, 
April, 1906. 

The writer, who is superintendent of the 
Cataract Power and Conduit Company, 
Buffalo, N. Y., states that incandescent 
lamps form the bulk of the lighting of this 
kind. 

Discussing the flickering caused by fre- 
quencies of 25 cycles he comes to the con- 
clusion that it is not sufficient to be ob- 
jectionable. He states that lamps worked 
under the normal voltage show such flick- 
ering, but that the illumination under such 
conditions would be poor at any higher 
frequency. Arc lamps on this frequency 
have not been a success, nor have the 
Nernst lamps. 

“Summing up: Twenty-five cycle  il- 
lumination in Buffalo has proven equal in 
value.to any other form of electric il- 
lumination save’ that of its use for arc 
lights, and in the latter case the difficulty 
has been easily met.” 

As to flickering of incandescent lamps on 
such a current, we have a very distinct 
recollection of our experience at the Pan 
American Exposition’ where the flickering 
due to this cause was not only very ap- 
parent, but decidedly annoying, and this 
with the best quality lamps that could be 
obtained running at their proper voltage. 
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ARC LIGHTING 
By R. H. HENpeErson, 
(The Electric 


Although there are tens of thousands of 
enclosed arc lamps installed in all parts of 
the country, very little in proportion to 
their use has been written concerning their 
design, operation and maintenance. Being 
adapted to almost every kind of commer- 
cial circuit, their importance in the equip- 
ment of a modern central station cannot be 
overestimated. Broadly speaking, there are 
certain fundamental elements of arc lamp 
design which must be found in all lamps, 
no matter whether for alternating or direct 
current, multiple or series. 


Journal, April.) 


DETAILS OF ARC INCLOSURE, 


Primarily too much attention cannot be 
paid to the details of the arc enclosure. 
The gas check, or bulb cap, as it is some- 
times called, must have the surface against 
which the inner globe rests, machined true 
and smooth in order to make the joint as 
nearly air tight as possible. This is of the 
greatest importance, and in the case of 
lamps for high tension this gas check 
should preferably be made of some heat 
resisting material with high insulating qual- 
ities, with a surface for the inner globe 
seat which will not corrode nor deteriorate. 
The finer grade of soapstone has been very 
successfully used for this purpose. Fur- 
thermore, in operating lamps the greatest 
care should be exercised in trimming to 
see that the inner globe rests uniformly and 
evenly on the finished surface of the gas 
check with a moderate pressure. If this 
pressure is too great it will result in the 
cracking or chipping of the inner globe, 
generally at the point of contact. Aside 
from the destruction of the inner globe 
the life of the carbons will be shortened 
directly in proportion to the amount of 
air admitted to the globe through the frac- 
ture. The extreme condition would be in 
the case of an inner globe being broken 
entirely so as to form no enclosure for the 
arc on a Jamp which was not fitted with an 
outer globe. In this case, the life of the 
carbon, burning freely in the air, would be 
between six and seven hours, while the 
same carbon burning in a proper enclosure 
would last probably from roo to 150 hours. 
So it is evident that there is no economy 
in using chipped or cracked inner globes, 
owing to the greatly decreased carbon life 
and the attendant disadvantage and ex- 
pense of having to trim certain lamps on a 
circuit before the carbons in the others are 
burned out. Oftentimes, there is also an 
outage charge for such lamps which is de- 
ducted by the city or town, from the earn- 
ings of the central station. Outer globes 
should be kept up on street systems for the 
same reason, as their purpose is to protect 


the intensely heated surface of the inner 
globes against rain and snow. 


BUSHINGS FOR THE CARBONS. 


Aside from the seat for the inner globe 
the most important feature of a gas check 
is the center, or bushing, through which the 
carbon passes. This center must be de- 
signed with two different and distinct ends 
in view, one is to provide a smooth accu- 
rately fitted bushing through which the car- 
bons must pass freely, the clearance, how- 
ever, must not be. greater than a few 
thousandths of an inch, for if it is more 
the life of the carbons will be materially 
reduced. The second requirement, often 
made of this bushing, is that it should act 
as a relief valve for the explosion of gases 
in the inner globe. This explosion is quite 
severe and takes place generally when a 
lamp is turned on after being out from 
seven to ten minutes, due to an explosive 
mixture of gases which forms in the inner 
globe. This mixture is ignited by the arc 
when the lamp is again switched on. To 
meet this requirement these bushings are 
arranged so as to have a slight vertical 
movement, allowing them to be lifted by the 
gases in such a manner as to open ports 
for equalizing’ the pressure with the atmos- 
phere, thus tending to neutralize the effect 
of the explosion and the accompanying 
breakage of inner globes. The best prac- 
tice in meeting these conditions seems to 
consist in making the gas check-plate of 
metal with an insulated center bushing for 
low tension lamps, and the reverse in high 
tension lamps. 

The question of open and closed bottom 
inner globes has been debated for some 
time, but the best practice indicates that the 
closed bottom inner will soon be the stand- 
ard. The closed bottom globe certainly pos- 
sesses the obvious advantage of having 
only the one aperture to keep tightly closed 
in operation, while the open bottom has 
two, with twice the chance for air leakage. 
Perhaps every metal and alloy which is 
available for ordinary manufacturing pur- 
poses has been used for carbon holders in 
inner bulbs, but practice has demonstrated 
that iron, both cast and wrought, is the only 
metal which will successfully withstand the 
heat of the arc and not be deposited on the 
inside of the globe either in the form of 
dust or a brownish scale, which unites with 
the glass and cannot easily be removed. It 
is necessary, however, to make the carbon 
bushing of some metal which will not 
oxidize as easily as iron. On account of 
the small clearance between it and the 
carbon, brass is entirely suitable for this 
purpose, as the bushing is not really in- 
side of the inner globe. 


CLUTCHES, 


Almost as important as the proper en- 
closure and combustion conditions in the 
arc, is the question of the clutch. Probably 
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more different forms of clutches have been 


made than any other part of the mechanism, 
yet viewed by present day standards, it is 
the simplest thing in the lamp. A clutch 
cannot be made of metal unless it is well 
insulated, which is quite a difficult matter. 
If it is not insulated, and the upper carbon 
is not firmly seated in its holder, the clutch 
will attempt to carry current to the carbon, 
with the invariable result that the clutch 
is injured by having its edges fused at the 
point of contact with the carbon. Again, a 
clutch with many pieces is all the more lia- 
ble to get out of order, so the simplest 
possible clutch has been found to be most 
effective, that is, a porcelain ring mounted 
in a sheet metal basket or punching. It is 
mechanically strong and will never carry 
current. 
DASH POTS 


Dash pots are of like importance and 
should be designed and manufactured with 
the utmost care. The cylinders should be 
as round and of as uniform diameter as it 
is possible to obtain them, valve seats 
should be accurately machined and the 
plungers fitted with the greatest care so 
that each dash pot will operate in about 
the same time as every other one. Also 
they must not be affected by wide varia- 
tions in temperature. To meet these re- 
quirements practically all dash pots are now 
being made of graphite and brass, since 
graphite has a practically neglible tempera- 
ture coefficient, and works excellently as a 
plunger in a brass cylinder. 


SHORT-CIRCUITING SWITCHES. 


The short-circuiting switch would seem 
to be a simple thing, but it may easily be a 
continual source of trouble, on account of 
the way it is abused, especially on inside 
lamps. In commercial service, lamps are 
generally hung fifteen or twenty feet from 
the floor and are seldom wired in such a 
manner as to be controlled by wall switches, 
so a long pole in the hands of a janitor is 
generally used to knock the switch back 
and forth. Such treatment demands a 
strong and simple switch. If there are no 
moving wires it is so much the better, as 
such wires harden or crystallize in the 
course of time and break off, making the 
switch useless until repaired. The best 
switch, therefore, is one fitted with a sub- 
stantial handle, working between two posi- 
tive stops and hav ing a blade made entirely 
of insulating material with a contact button 
inserted in it, constructed in such a manner 
as to be forced between two stationary 
contacts to close the switch circuit and 
away from them to open. This, obviously, 
does away with all necessity for moving 
wires and provides a switch that is practi- 
cally indestructible. 


BINDING POSTS. 


Binding posts also might be considered of 
small importance to a superficial observer, 


_but they assume new proportions when we 


stop to think that in the case of series street 
lamps, for instance, they are exposed con- 
tacts carrying potentials as high as 10,000 
volts, and in come cases they have to per- 
form double duty and support the supply 
lines leading from the pole to the lamp. 
Practical operation has proven that these 
binding posts should be compactly built, 
nited with two screws, drilled out for wire 
as large as No. 4 B.-& S. gauge, and thor- 
oughly protected by heat and moisture- 
proof insulation, preferably porcelain, ar- 
ranged in the form of an insulator for out- 


side service. 


ALIGNMENT OF PARTS. 


Proper alignment should be secured in a 
lamp by reason of the elements of its struc- 
tural design. In other words, a lamp 
should be built so that it will be unneces- 
sary to line it up after assembling. The 
parts should go together in such a way as 
to eftectually take care of the alignment 
without further labor. If a lamp move- 
ment is not in proper alignment, trouble is 
to be expected from the upper carbon stick- 
ing, either in its guides or in the gas check 
center. One of the best ways to preserve 
alignment is to use a rigid center tube 
construction, with a sheath or holder inside 
of it for the upper carbon. In this method 
the sheath is connected in the circuit by 
means of a flexible conductor, which may 
be either inside or outside of the tube. 
The tube, however, must either be slotted 
or provided with some other ample means 
for ventilation. If this is not done the heat 
from the arc will be retained in the tube 
and will soon destroy the flexible cable. 
Various attempts were made in the early 
days of enclosed arc lighting to supply cur- 
rent to the upper carbon without using a 
cable, but one by one they proved their in- 
adequacy and were discarded in favor of 
the cable which is the standard to-day. 


GENERAL CONSIDERATIONS. 


It is very gratifying to note that many 
of the features of lamp construction and 
design which have been outlined in this 
article, are being carried out to-day in the 
best modern practice, and that arc lamp 
buyers in general are beginning to discrim- 
inate against cheap lamps. The time is 
rapidly approaching when operating men 
will fully realize the importance of build- 
ing a lamp of the best possible material, 
with the highest grade of insulation that 
can be obtained, combined with workman- 
ship of a good quality, and painstaking shop 
inspection and testing. The question may 
be asked as to why all this is necessary, 
but a consideration of the conditions will 
make the reasons evident, especially on the 
high tension alternating- -current series Sys- 
tems. Lamps for this service must operate 
on circuits of up to boo lamps, with a poten- 
tial of over 9,000 volts, and they must con- 


214 


tinue to operate in rain, sleet, snow, under 
widely varying temperature conditions and 
in the most exposed places. Other appara- 
tus for such voltages is protected in every 
way possible by means of heavy metal cases, 
large porcelain insulators, and is immersed 
in oil wherever possible. All of these 
methods of protection are obviously out of 
the question in arc lamp design, yet alter- 
nating-current series lamps must not only 
withstand these voltages but must accu- 
rately separate and maintain an arc between 
a pair of carbons. Moreover, other exposed 
parts of a high tension equipment are held 
rigidly in some such place as on a pole or 
a building wall, while a lamp is at the 
mercy of every breeze or gale that blows, 
being supported in most cases at the end of 
ay light-mast arm; .or,aty the; center! ofj-a 
slender span wire. These operating diffi- 
culties certainly indicate that it is impossi- 
ble to exercise too much care in the design, 
manufacture and operation of lamps for 
outdoor service. 


CLASSIFICATION OF LAMPS. 


In taking up the matter more specifically 
it should be noted that there are three 
broad classifications of arc lamps adapted to 
operate on the different commercial systems 
such as incandescent, power and street rail- 
way equipments. The first are generally 
styled multiple lamps and operate on IIO 
and 220 volt direct-current and 110 volt 
alternating-current constant potential cir- 
cuits; the second class, series lamps, which 
operate on both alternating and direct con- 
stant current circuits, and the third class, 
which is a combination of the first and 
second, in which lamps operate in multiple- 
series On constant potential circuits. Prac- 
tically all of the electrical and mechanical 
characteristics noted in the first part of this 
article are common to all of the commer- 
cial types of lamps, and in the brief specific 
descriptions which follow it should be un- 
derstood that gas checks, clutches, dash 
pots, etc., have been described in detail and 
will only be mentioned in the descriptions 
as the need arises. 


DIRECT-CURRENT MULTIPLE LAMPS, 


On account of so many. isolated. plants. 


using I10 volts direct-current and ‘on. ac- 
count of many of the larger cities having 
220 volt direct-current three-wire systems 
a large number of arc lamps suitable for 
direct-current constant potential circuits are 
in operation. Solid carbons are invariably 
used in these lamps, generally a twelve-inch 
upper and a five or five and one-half inch 
lower. From the circuit diagram, Fig. 1, it 
will be seen that this lamp consists. essen- 
tially of a pair of carbons, a.resistance and 
magnets for striking the arc. A dash. pot, 
not shown in the sketch, is used to steady 
the arc. On the 110 volt multiple lamp, 
the resistance, B, is usually wound with 
enough wire to enable it to be used on cir- 
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cuits of from 100 to 125 volts and should 
be set so as to have an arc voltage. of 
approximately 80. This resistance and the 
magnet spools should be as nearly fireproof 
as possible. Much trouble was occasioned 
with the first enclosed arcs by reason of 
the resistance, which generally consisted of 
spring-like coils of wire stretched just 
enough to separate the turns and prevent 
them from touching. Such resistances gave 
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very pocr results, for, as they heated up, 
the wire in the coils lengthened sufficiently 
to short-circuit whole sections, with the in- 
evitable destruction of the resistance and 
the lamp windings. The resistance spool 
shown in the circuit diagram does not have 
this defect, consisting as it does of a large 
porcelain spool with such deep grooves. in 
its outer surface, that it is impossible for 
the heat to stretch the wire enough to 
short-circuit between grooves. Such a re- 
sistance, combined with magnet spools ren- 
dered as fireproof as possible, and proper 
structural details, make a very satisfactory 
lamp. The commonest trouble is improper 
arc voltage. If this voltage is more than 
85, the arc is liable to be very unsteady and 
more of the resistance should be cut in; 


if lower than 75 the light is poor and the 


carbon tips oftentimes glaze over with a 
sort of slag formation which seriously in- 
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terferes with the proper maintenance of the 
arc. This condition, being the reverse of 
the preceding case, requires that some of 
the resistance be cut out. With the 220 
volt direct-current lamp the arc voltage 
ranges from 140 to 165 at three amperes, 
according to the voltage of the supply. 
Both the 110 and 220 volt lamps increase 
the voltage at the arcs slightly when burn- 
ing with chipped or broken inner globes, 
and the glassware should be inspected when 
long or unsteady arcs are observed. 


DIRECT-CURRENT SERIES LAMPS. 
Other lamps for the direct-current service 


are the series lamps for constant current . 
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circuits and the multiple-series for street 
railway and power circuits. The latter is 
practically the same as the series except 
that it has an arc compensating resistance 
which is cut in automatically if, for any 
reason, the lamp fails to start, thus main- 
taining the current as constant as possible 
for the remaining lamps in the series across 
the 500 or 220 volt mains. The circuit dia- 
gram, Fig. 2, shows the main features of 






FIG, 3.—A. C. MULTIPLE. 


this lamp—a series coil adapted to separate 
the carbons and strike the arc by lifting 
one end of a pivoted feed lever; electrically 
connected around the arc and arranged to 
work against the pull of the series coil, trip 
the clutch, and thus cause the carbons to 
feed together as they burn away. The dash 
pot performs its usual function in damping 
the movement and preventing fluctuations 
of the arc. The weight shown on the feed 
lever permits of accurate arc adjustment, 
being mounted on a threaded stud. A 
switch, not shown in the figure, is provided 
on the series lamp. Solid carbons are used 
in all cases and the arc voltage is approxi- 
mately 80. The chief operating troubles 
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FIG. 5.——A. C. SERIES. 


are caused by unnecessary friction in the 
lamp mechanism and breakkage of glass- 
ware, which are really general troubles and 
are liable to be encountered on all types. 
It is a good rule to follow at all times in 
this class of apparatus, to have everything 
which moves reasonably loose and free. 
Close adherence to this rule will save 
many dollars in outages in the course of a 
year. 
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ALTERNATING-CURRENT MULTIPLE LAMPS. 


The alternating-current multiple lamp is 
very similar to the direct-current multiple 
lamp and differs from it only in a few de- 
tails. A reactance coil is used instead of 
the resistance and the magnet cores are 
laminated. This constitutes the chief dif- 
ference from a structural view point. Fig. 
3 shows the major details of this lamp. The 
voltage adjustment shown on the reactance 
coil allows for line voltages from 100 to 
125 and the alternation adjustment makes 
it possible to use the lamp on any fre- 
quency from 16,000 to 7,200 alternations. 
In special cases these lamps are operated 
on circuits as low as 6,000 alternations ; be- 
low this the alternations become visible to 
the eye, which is objectionable for general 
commercial lighting. It is possible to make 
an alternating-current multiple lamp almost 
fool-proof, which is without question a de- 
sirable attribute for any piece of electrical 
apparatus. This is largely accomplished by 
treating the coils so as to make it impossi- 
ble to burn them out in a reasonable time 





FIG, 4.—CONSTANT CURRENT A. C, REGULATOR. 


even though the carbons should slip to- 
gether. A lamp with this feature is cer- 
tainly to be recommended, as the necessity 
for repairs to windings is almost entirely 
if not quite, eliminated. The arc voltage on 
this lamp should be about 72 volts. If set 
much longer the lamp will rupture the arc 
and chatter, if much. shorter the carbons 
will giaze and the light will be poor. 


ALTERNATING-CURRENT SERIES LAMPS. 7 


The alternating-current series lamp is 
closely allied to the multiple lamp and has 
many features which are very similar. 
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There never has been a more important 
advance made in arc lighting than was 
made by the introduction of the constant 
alternating-current series system suitable 
for operation on constant potential alternat- 
ing-current bus bars. This was made pos- 
sible by the constant current regulating 
transformer. It is primarily a transformer, 
receiving any commercial bus bar voltage 
and raising or lowering it to meet the 
demands of the circuit whether it be 50, 
75 or 100 lamps; secondarily it is a regu- 
lator delivering a constant current from no- 
load to full-load. See Fig. 4. 

The auxiliary apparatus pertaining to the 

alternating-current series system consists of 
a regulating transformer with the primary 
connected to the scurce of supply and with 
the secondary connected to the line. In 
this line the lamps are connected, together 
with suitable protective and switching de- 
vices, an ammeter, and a safety coil. From 
this coil, low tension leads are brought out 
making it possible to use the alternating- 
current series lamp for interior illumina- 
tion. 
‘The diagram of connections for the alter- 
nating-current series lamp is shown in Fig. 
s, an inspection of which will make it evi- 
dent that it is very similar to the direct- 
current series and multiple series lamp. 
The movement is a differential one with a 
starting resistance designed to permit just 
enough current to pass through the series 
coils to start the lamp, if the carbons are 
not burned out, in which case the resist- 
ance would carry the full working circuit, 
thus permitting the other lamps in the cir- 
cuit to operate without interference. The 
automatic cut-out indicated in the figure is 
sometimes the cause of considerable trouble, 
and should be carefully designed. The cut- 
out has a phosphor bronze spring faced 
with coin silver contacts three-eighths of an 
inch square. Again, the center tube con- 
struction, as shown, gives great rigidity, 
insures alignment, and facilitates repairs, 
it being possible to take out the entire 
movement intact and. completely assem- 
bled on the center tube. Care should be 
exercised to have these lamps adjusted to 
burn an arc of 72 volts, but readings 
should never be taken on arc lamps of any 
description, if accuracy is desired, until 
they have been in operation for at least 
two hours and are thoroughly heated. Such 
readings should also be taken with car- 
bons that have been burned and are of an 
average length. In the case of alternating- 
current series lamps one carbon must be 
cored and the other solid. Cored carbons, 
however, are sometimes used for both upper 
and lower. Rea? 

In general, careful attention to the length 
and size of carbons, accurate fitting glass- 
ware, and the habit of keeping the lamps 
free from dirt will be well repaid by more 
efficient operation and reduced outages. 
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THE DIFFUSING REFLECTOR 


(Continued. ) 
By E. L. Zautnsxt. 
(Electrical Review.) 


It is this portion of the light which the 
diffusing reflector utilizes, to a large ex- 
tent, and that, too, in a manner te secure 
better distribution. If the optical law 
stated by Mr. Elliott were entirely applica- 
ble to this reflector, the actual results ob- 
tained would have been very different. 

Ordinary curves of distribution of light 
may be entirely correct, but they are apt to 
be misleading when it is desired to pre- 
sent the real efficiency of reflectors, since 
the radial distances deal only with the in- 
tensities of light. The Rousseau diagrams 
consider, in addition to intensities, the 
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Fic. 1—RoussEau DIacraM. 


Note: The cuts are placed so as to show 


the curves in their usual position. 


area of the surface illuminated. Thus, the 
illuminating power of a source of light is 
proportional to the area enclosed by the 
Rousseau curve. 

Fig. 1 represents the Rousseau curves 
shown in Mr. Elliott’s Fig. 4, omitting 
curve E, which is of a fifty-candle-power 
lamp, and, therefore, is not properly com- 
parable with the others, which are for 
thirty-two-candle-power lamps. This curve 
brings out the advantages of the enameled 
reflector used in the subway for securing a 
remarkably uniform distribution. The same 
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characteristic of relative uniformity of dis- 
tribution applies to other pipes used in 
the subway, thus securing a more equable 
and inter-helpful light. 

In Mr. Elliott’s Fig. 3 are given two 
curves of a reflector enameled on the out- 
side; and a similar one painted on the 
inside; but he does not give the same 
prismed-glass reflector uncoated. This is 
unfortunate, since it would have given us 
an opportunity to make a direct compari- 
son, and enabled us to show the marked 
gains secured by prismed-glass reflectors 
with the enamel or the paint backing, ap- 
plied either inside or outside. The Rous- 
seauu curves of these reflectors show a 
character of distribution superior to any- 
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Fic. 2.—DistTripuTion oF LiGHT WITH A 
REFLECTOR COATED ON THE INSIDE AND 
ON THE OUTSIDE WITH ENAMEL. 


thing obtainable by a clear glass-prismed 
reflector. 

In my early experiments I obtained an- 
alogous results when the paint on the in- 
side was fresh and glossy, and the results 
were lower in efficiency when the paint 
was dried. I found paint inferior to en- 
amel, both for durability and appearance: 
but when suitable enamel was used, either 
inside or outside, on absolutely similar re- 
flectors, the results were practically iden- 
tical. Each had a slight advantage at one 
end of the curve, but compensated for this 
at the other. This effect is shown, in a 
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measure, in Fig. 2, but is also in evidence 
in numerous other measurements. 

Many measurements have been made, 
with various classes of reflectors, in en- 
deavoring to learn how these might be im- 
proved. It was evident that the goal to 
be. attained was to broaden the distribu- 
tion. It is not difficult to secure depth of 
curve—that is, intensity of illumination— 
by modifications of shapes of the reflec- 
tors, but it is not as easy as Mr. Elliott 
claims, to secure broadened distribution by 
so doing. For these tests, prismed-glass 
reflectors were made from the same mold, 
but given different angles of aperture while 
in the plastic state. 

Fig. 3 represents curves of distribution 
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Fic. 3.—DISTRIBUTION WITH Prism-GLASss 
REFLECTOR WITH DIFFERENT AN6LES 
OF OPENING. 


of light about prismatic-glass reflectors 
having angles of aperture approximately 
eighty-four degrees, ninety degrees, 100 de- 
grees, 120 degrees and 130 degrees, respec- 
tively. These curves show that the in- 
creased angle of aperture results in de- 
creasing the downward distribution, with 
no appreciable increase in intensity in their 
higher angles. Investigations made to de- 
termine how the opening of the reflectors 
affects the reflecting capabilities of the 
prisms, demonstrated that there is no ap- 
preciable loss due to this; and, in fact, in 
some cases, a slight gain was found. 

A study was made of reflectors of vari- 
ous shapes and material. The curves from 
these reflectors showed that the porcelain 
reflectors secured an advantageous distri- 
bution, but were lacking in intensity. Vhe 


prismed-glass reflectors have great inten- 


sity, but were lacking in breadth of dis- 
tribution. The latter also were objection- 
able on account of their injurious and dis- 
agreeable glare when viewed at certain 
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angles. The relative efficiencies and the 
character of the distribution of these types 
ef reflectors are shown in Fig. 4. Curve 


~“A shows the distribution of an eight- 


inch porcelain reflector, and curve “B” that 
of an eight-inch clear-glass prismatic re- 
flector. The character of the curve of the 
white porcelain reflector is evidently chief- 
ly due to diffusive action, while that of 
the clear-glass prismatic reflector may be 
characterized as reflection. 
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Fic, 4.—ILLUMINATION wiTH ErcHt-INcCH 
PrisMATIC REFLECTOR; TEN-INCH GREEN 
AND WHITE SHADE; Ei1GHT-INCH 
Wuite PorcELAIN, SCALLOPED. 


In order to make clearer the distinction 
between diffusion and reflection of light, I 
quote the distinction given by Professor 
William Hallock, of the department of 
physics, Columbia University. 

“T do not see how any one can contend 
that diffusion and regular reflection are 
the same phenomenon, Of course, one may 
say that they are both due to difference in 
the optical properties of two media. Never- 
theless, it is generally understood that. by 
reflection we mean the case where the ma- 
jority of the light is sent off at an angle 
equal to that of the incident light, and all 
in one direction. Scientifically stated, it is 
the case where the light, on leaving the 
surface, has a. simple, well-defined wave 
front. In diffusion, the light, leaving. the 
surface, goes off in directions bearing. no 
relation io the direction of the incident 
light; in fact, in all directions in a general 
plane of incidence. In this case the light: 
has no simple, well-defined wave front, but 
a complex multitude of little waves travel- 
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ing in all directions and not uniting in one 
general wave.” 

From. the preceding investigations the 
conclusion was arrived at that the distri- 
bution might be made better by coating the 
prismed-glass reflector with white porce- 
lain, enamel, or other light-diffusing ma- 
terial, retaining at the same time a con- 
siderable portion of the directly downward 
intensity of light. Such coating also tends 
to reduce the injurious and disagreeable 
glare of the clear-glass reflectors, and bet- 
ter satisfies esthetic and artistic require- 
ments. The enamel used finally is suffi- 
ciently translucent to prevent dark spots 
above the reflectors. 

In Fig. 5 are shown the results of the 
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Fic. 5.—Roussrau DiAcram, ILLUMINATION 
WITH Various THIRTEEN AND ONE- 
Hatr-Incu REFLECTORS. 


experiments. This gives the curves due to 
various similar thirteen and one-half-inch 
reflectors with three oval-filament lamps, 
in a Benjamin cluster. The curves relate 
to the following reflectors: “A” is the dis- 
tribution of light given by a clear-glass 
prismed reflector; “B” shows the result 
with an. opal reflector alone; “C” shows 
the combination of an open reflector, super- 
imposed on the clear-glass. prismed_ reflec- 
tor; “D” shows the distribution produced 
by the clear-glass prismed reflector with a 
backing. of special white paint No. 1; “E” 
is the curve for the same reflector with an 
enamel coating. In all cases, care was 
taken to have the planes of the oval fila- 
ments of the lamps parallel to. the surface 
of the reflector. 

The plain prismatic glass gives 52.9 can- 
dle-power as an average throughout the 
lower seventy-five-degree zone. The opal 
reflector gives 54.3 candle-power, and the 
combination of the two gives 63.2 candle-. 
power, a greater value than either alone. 
The reflector coated with white paint No. 
I gives 63.7 candle-power, greater than 
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the combination of plain prismed glass 
and opal. reflector. The reflector coated 
with enamel gives 58.0 candle-power. In 
the cases of the painted and enamel- 
coated reflectors, most of the values 
given by the plain prismatic-glass_ reflec- 
tor, due to its action in reflecting the light 
are retained, plus an addition due to the 
diffusive action of the coating of paint or 
enaimel; and it is to be noted that the gain 
in efficiency due to the superimposed coat- 
ing more than counterbalances any loss due 
to prismatic reflective action, being as- 
sumed to be reduced as a result from the 
application of the coating on the glass 
prism. The reflectors used in these cases 
had about 140 degrees aperture. The clear- 
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Fig. 6.—-Distriputor Agpout THrEeE-LAMp 
CLUSTERS WITH CLEAR-GLASS AND 
CoATED-GLAsSs REFLECTOR. 


glass prismed reflector gives results infe- 
rior even to those obtained with the opal 
reflector. 

The relative values of the clear-glass 
prismatic. reflector and the same backed 
with white paint. No. 1 are shown in dis- 
tribution curve Fig. 6. The enamel pris- 
matic glass does not give quite as favor- 
able results as does the painted one, but 
gives better results than either prismatic 
glass or opal alone. This tends to prove 
the contentions, that the prismatic-glass re- 
flector receives reinforcement by the light- 
diffusing action of the white enamel, as it 
clearly does when backed by the proper 
coatings of white paint. It also gives a 


marked improvement in the changed and 
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bettered distribution, and the avoidance of 
glare below, dark spots above, and gener- 
ally improved appearance. The advantages 
gained by the use of a diffusing coating is 
shown in curve “B,”’ curve “A” beino that 
of a similar clear-glass reflector (see 
Pisce et 
The gain due to the action of the diffus- 
ing coating is not shown entirely by the 
added values in candle-power. The aver- 
age values may even be identical, but in 
the one case we may have high values— 
too high for comfort—over one part of the 
field, and values too low over the other 
parts. The gain is very largely in the bet- 
ter general distribution obtained, which 
cannot be well expressed numerically. «An 
inspection of the curves presented will con- 
vey this better than can the average values 
expressed in figures. To put these values 
in a manner which will convey a just con- 
ception, it is suggested that the mean 
values be stated as at present, with the 
maximum and minimum values given in 
the zones from zero to ninety degrees, 
placed one over the other. For example, 
the value of curve “D” (Fig. 6 of Mr. EI- 
liott’s article) would, according to this 
classification, be 40 104/6 candle-power; 
and curve “C,” similarly, would be 32.2 
40/26 candle-power. The former implies 
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Fic. 7.—DIstriguTIon oF LicHt, witH Di1rF- 
FUSING AND VARIOUS OTHER REFLECTORS. 


a value of sixty-four candle-power above, 
and thirty-six candle-power below, the 
mean value. The last would mean 4.8 can- 
dle-power above, and 10.2 below, the mean 
value. 

Further experiments were made, show- 
ing clear . prismatic-glass reflectors with 
coatings of white blotting-paper, blotting- 
paper pulp, asbestos, mineral. wool, spun 
glass, and superimposed white opal reflec- 
tors, together with various kinds of enamel 
and paint. The results are shown in the 
Rousseau curves reproduced in Fig. 7. All 
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of these tests were made with a thirteen 
and one-half-inch prismed-glass reflector 
with about 140 degrees opening, having a 
Benjamin cluster with three oval-filament, 
sixteen-candle-power lamps. The lamps 
were adjusted so that the planes of the 
filaments were, as nearly as possible, paral- 
lel to the inner surface of the reflector. 

The results are given in the following 
table. It should be noted that for curve 
“I” a fourteen-inch opal reflector was 
used, the outer edge of which was covered 
with black tape to reduce the reflecting 
surface to thirteen and one-half inches in 
diameter. a 

The question arose, whether the im- 
proved results shown by the coated reflec- 
tors were due to increased reflection or to 
diffusion. To test this, a second clear- 
prismed glass reflector was closely super- 
imposed upon the first. The results are 
shown in curve “K.” At zero degrees the 
curve is somewhat high, but it rapidly falls 
to a minimum. This appears to show that 
the improved results were due to diffusive 
action of the superimposed reflectors or 
the white or whitish coatings. As is seen, 
such coatings tend to maintain the curve 
relatively high until the ninety degrees is 
attained, meaning that the light is distrib- 
uted over a broader field than when the 
curve at zero degrees and adjacent angles 
shows a higher candle-power, after which 
it falls off rapidly. 

Further investigation showed that the di- 
rect gain in candle-power in the lower 
hemisphere, probably due to the added dif- 
fusive action, was varied somewhat accord- 
ing to the shape or angles of the opening 
of the reflector. The wider openings gave 
better aggregate relative results with the 
diffusive coatings than did reflectors of 
smaller openings. The former are particu- 
larly advantageous in cluster lighting, 
where the lamps are placed radially, close 
to the surface of the reflector. But in ail 
cases there was a decided improvement in 
distribution of the light, while the total 
available candlepower was about the same, 
or a little greater, even with the smaller- 
angled reflectors. Fig. 8 shows this effect. 
The curves here represented are for small- 
er reflectors. This figure is also of interest 
in showing again that the prismatic white- 
coated reflector gives better results than a 
plain opal reflector or a plain prismatic- 
glass reflector of simlar angle of aperture 
alone. In this figure, curve “A” is the dis- 
tribution of an approximately right-angles 
opal reflector of seven and one-quarter 
inches diameter; curve “B” is the distri- 
bution for a similar plain prismatic-glass 
reflector seven inches in diameter; curve 
“C” is the effect of these two reflectors 
combined, the opal reflector being super- 
imposed; curve “D” was obtained with a. 
white enamel-coated prismatic-glass reflec- 
tor similar to the reflector used for curve 
“B.” The opal reflector has at least 5 per 
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RESULTS SECURED WITH Various REFLECTING SurRFACES—(SEE Fic. 7). 


Mean Intensity 


Variation of 


for 75° Zone Intensity 
Characters of Reflectors and Backing. of Lower for This 
Hemisphere. Zone. 
Candle-Power. Per Cent. 
Test A—Clear prismatic glass reflector only............ 52.9 Basic value 
Test B—Clear prismatic glass reflector Sacked by similar 
MATLOSE TENCE TOL) ware hoes Cas oxlak cave ek ohn 57.8 + 9.3 
Test C—Clear prismatic glass reflector with white paint 
CUR DACH Nee er eres. Goes Cotes 63.7 +20.4 
Test D—Clear prismatic glass reflector with white blot- 
PIN tee aper *OlreDACK a os tos ee ccs wc dain brio ham 65.8 +24.4 
Test E—Clear prismatic glass reflector with white paint 
ORES ODAC NS toe ee as sere ay chee 50.1 +11.7 
Test F—Clear prismatic glass reflector with dust on back 55.7 + 5.0 
Test G—Clear prismatic glass reflector with blotting paper 
“OHBIN R) GIs Ws De Res Shy a he 6a a A SC 66.2 +25.0 
Test H—Clear prismatic glass reflector with mineral wool 
lps DEV sone BO end als na a i PRO a 65.6 +24.0 
Test I—Clear prismatic glass reflector aus white opal 
SUDCEIMIDUSCE Sc tae is oe oes cs acd wenenteh is 63.0 +19.0 
Test J—Clear prismatic glass reflector with spun glass 
OTM RO a eter tas ae) oi'e aie a IB eferohornc cies 67.4 +27.0 
Test K—Clear prismatic glass reflector with another clear 
PraSSurS Der POSedie eerie clas k's wie what eate es 55-7 + 5.0 
Test L—Clear prismatic glass reflector with asbestos wool 
OLA oltre tease nyse ov iovs 6.4 ofa timate Sinise ve wave 67.1 +27.0 
Wester Opal rerectOr Only oa. soos t cea ans caves caane « 54.3 + 2.0 
Test N—Clear prismatic glass coated with enamel in- 
BUONO MEAVI VE rg cote atin oc emcee ee eee ee « 59.6 +13.7 
Test O—Clear prismatic glass coated with enamel in- 
BRS PRIORY oe eat eta io) op oie idk ¥ pe embereaete 56.5 + 7.0 


cent. greater area than the plain-glass re- 
flector. 

The same comments apply to these 
curves as to those shown in Figs. 5 and 7. 

It may be added that, acknowledging the 
correctness of the optical law quoted by 
Mr. Elliott, it is fair to assume that the 
enamel coating has a different index of re- 
fraction from the clear glass, and there- 
fore the law cited does not apply. ‘ine 
enamel fuses at a lower temperature than 
the glass, and is thus applied without de- 
stroying the smooth reflecting surface of 
the prisms. 

It is inevitably the case, when practical 
results do not accord with theoretical dog- 
mas, that these last are either wrongly 
stated or wrongly applied. The statement 
made by Mr. Elhott as to crown elass and 
balsam is correct, as these two have the 
same index of refraction (1.53); but it is 
overlooked that the indices of various clear 
glasses differ, such as, for example, flint 
glass—1.58; thallium glass being as high 
as 1.75, etc. Although enamel is vitreous, 
it need not from this fact necessarily have 
the same index of refraction as the glass; 
indeed, it would appear at the outset that 
this translucent, but not transparent, mate- 
rial would be likely to have a different in- 
dex of refraction from the clear glass used 
in the reflectors on which it is superim- 
posed. And this appears to be substan- 


tiated by actual measurements—for, super- 
imposed on the clear-glass prismatic re- 
flector, it secures results superior to this 
clear-glass prismatic reflector above, or to 
the reflector of opal, to which latter Mr. 
Elliott likens it. 

The results given above show clearly 
that there is some gain in the amount of 
light made available by the diffusive coat- 
ing, since it acts upon light otherwise lost. 
But the more important gain is the better 
distribution obtained by the use of reflec- 
tors with a diffusive coating either inside 
or outside. 

It must be obvious that it is better to 
have, at zero degrees, a moderate but suffi- 
cient degree of intensity—provided it is 
well maintained—than to have an intensity 
highest at this point, decreasing rapidly 
toward the upper zones. By so doing we 
avoid the objectionable contracts resulting 
from very dark and light spaces. 

It was not expected, by the use of the 
diffusive coating to other similar methods, 
to create light; but the effort was made to 
avoid having it all in a limited space, and 
to modify the distribution so as to secure 
the maximum benefits. In other words, it 
was attempted to put the light where it 
would do the most good, and to avoid a 
superabundance in one place, with the re- 
sulting, and equally harmful, contrasting 
insufficiency in others. 
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FOREIGN ITEMS 


England does not seem to have yet 
realized to any extensive degree the 
dictum of their great engineer, Stev- 
enson, that “where combination is pos- 
sible, competition is impossible.” The 
companies furnishing illuminating gas 
and electric current for lighting pur- 
poses are apparently very genuine and 
ageressive competitors, and the tech- 
nical and trade journals devoted to 
the respective industries are stout 
champions of their individual causes, 
each gathering with all the ardor of 
a politician the material that favors its 
cause, and holding up to the public 
scorn the shortcomings of its competi- 
tors. 

At the March meeting of the Illu- 
minating Engineering Society, Mr. 
Victor Rettich presented a paper on 
the Inverted Incandescent Gas Burn- 
er, i0 which he enumerated the diffi- 
culties that were to be met with in 
bringing this burner to a practical is- 
sue, and concluded that, whereas, not 
all of these difficulties have as yet been 
overcome to the entire satisfaction of 
the manufacturers, the manifest ad- 
vantages to be gained, and the prog- 
ress already made are so great that its 
ultimate perfection was to be looked 
for. The Electrical Review, however, 
finds material for much ghoulish glee 
in this unbiased description of the in- 
verted gas burner. 


It is to be hoped that we shall soon have 
an Illuminating Engineering Society in 
England. One of the advantages of bring- 
ing together on common ground men whose 
business it is to push diverse forms of illu- 
minants is that, whatever statements they 
may be guilty of during the day-time, in 
the evening they discuss their pet lamps 
with a freedom that is*positively brutal. At 
least, so it appears to be in New York, 
where, at a recent meeting of the Illumi- 
nating Engineering Society, Mr. Rettich, a 
gas engineer, gave away completely the case 
for the inverted gas mantle lamp. We have 
only to call to mind the Gas Exhibition’ at 
Farl’s: Court about 18 months ago, when 
the inverted mantle held a veritable orgy of 
shameful imitation of electric light; when 
London was “papered” to see the new sub- 


stitute; and when certain station engineers 
were seized with a panic of which one of 
the healthiest outcomes was the Olympia 
Exhibition. And now we=-:learn that the 
lamp is found wanting in many respects: 
dangers of falling particles; carbonization; 
flashing back; delicacy of mantle suspen- 
sion; flickering at low pressure; discolora- 
tion of chandelier arms; too much _ heat 
thrown off in proportion to amount of gas 
used; unpleasant noise, etc. The indict- 
ment is a long and severe one, and we may 
add that our own experience completely 
confirms it. The author stated that the 
lamp had recently been condemned in New 
York by the Board of Fire Underwriters 
on account of fires started from it, and 
tables, etc., had been charred by red-hot 
material falling through the base of the 
globe. Wherever one goes it is apparent 
that the inverted gas mantle has not 
“caught on”; inquiries at ironmongers show 
that the demand for these lamps is very 
small indeed, and orders are seldom re- 
peated; and it has been clear for some time 
that the gas companies put their money on 
the wrong horse, whilst they obtained for 
the time a very successful bogy. Like many 
a turnip with a very poor candle. The 
others, this has been proved to be merely 
breakage of mantles due to vibration makes 
the lamp an expensive one to maintain, the 
roaring and bubbling is very irritating, and 
the fittings rapidly deteriorate owing to the 
great heat evolved. It is satisfactory to 
note that electricity supply authorities have 
held their own, and we have reason to be- 
lieve that the gas companies will have their 
work cut out to do the same in connection 
with coming developments in high-efficiency 
electric incandescent lamps. 





At almost the same time that Mr. 
Rettich was giving the electrical in- 
terests this ammunition, a paper was 
presented before the (British) Insti- 
tution of Electrical Engineers by 
George Wilkinson on “Waste in In- 
candescent Lighting, and Some Sug- 
gested Remedies,” which we reprinted 
in our iast issue. Mr. Wilkinson, it 
seems, is a manufacturer of incandes- 
cent electric lamps and knows whereof 
he speaks; and in his very full paper 
on the subject, in which he sets forth 
the shortcomings and misuse of the 
electric lamp, gives the Journal of Gas 
Lighting an opportunity to reply: ° 
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As usual during the winter season, the 
Local Sections of the Institution of Elec- 
trical Engineers have given forth a mass 
of technical matter, the greater part of 
which does not call for notice by us. From 
among the papers, a couple have been placed 
on one side for notice. To one of them, by 
Mr. George Wilkinson, on “Waste in Incan- 
descent Electric Lighting, and Some Sug- 
gested Remedies,’ there has already been 
incidental reference. As competitors of 
electricity, it may be openly confessed that 
the question of whether or not consumers 
of electricity get the expected value for the 
money they expend, is not a matter of indif- 
ference to us. Testimony that they do not 
recurs with a frequency that cannot be 
pleasant for those station engineers who 
would fain hide the truth. Mr. Leon Gas- 
ter has twice of late publicly given volumi- 
nous confirmation of the general experi- 
ence of the inconsistency of electric carbon- 
filament lamps—of the fact that they do not 
do what the markings on them declare they 
should do, of their rapid depreciation, and 
of the detrimental effects of irregularities 
of voltage, the correctness of all of which 
Mr. Wilkinson attests. His paper is full of 
deprecation of incorrectly graded and inef- 
ficient lamps, and of the persistent use of 
lamps after they have become blackened on 
the inner surface of the globe. So marked 
is the lamentable waste, and “‘its effect upon 
the future of electric lighting is so serious,” 
that it is, he holds, high time some defi- 
nitely-concerted action was taken by the 
supply authorities throughout the country 
to deal effectively with the matter, and to 
educate every consumer so that he may 
know how to get efficient electric lighting at 
reasonable cost. 





The formation of the Illuminating 
Engineering Society in this country, 
and the appearance of THe ILLuMtI- 
NATING ENGINEER, have attracted 
wide attention among those interested 
in the various fields of illumination. 
The following extracts from foreign 
journals indicate their views on the 
subject: 

(From Electricity, April 27, 1900.) 

I have just received the first number of 
a new magazine called the ILLUMINATING 
ENGINEER, published by the Illuminating 
Engineering Publishing Co., New York, a 
periodical which will be devoted entirely to 
illumination as a science and an art. In 
the Editorial Foreword I learn that the 
means of producing light from various 
sources, stich as_ electricity, illuminating 
gas, etc., will receive a due amount of at- 
tention, together with improvements in ac- 
cessories and apparatus for distributing and 
diffusing light after it is produced. It is 
pointed out that, although the money ex- 
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pended in the production and use of light 
assumes enormous proportions, yet it is 
safe to say that in no other department in 
modern commerce is there so much money 
expended with so little knowledge of the 
best methods of obtaining the desired re- 
sults. Our present methods of lighting are 
undoubtedly extremely crude, and it is not 
altogether the fault of the architect or the 
consulting engineer that it is so. 

In giving instructions for lighting his 
premises a client will often say, “What I 
want is plenty of light,’ and by plenty of 
light he means that his place must look 
brilliant and attractive. This is, of course, 
not economy in the sense of getting the best 
value of the light for illuminating pur- 
poses, although in many cases the indirect 
advantage of advertisement may not be 
inconsiderable. But in ordinary house or 
office lighting there is a very considerable 
room for improvement. The method. of 
hanging lamps from ceilings so that a point 
of light strikes high immediately upon en- 
tering the room is one of the worst pos- 
sible methods, because the eye is immedi- 
ately dazzled and the optic nerve is to some 
extent paralyzed, and objects which, if the 
light had been shaded, would have appeared 
sufficiently illuminated, have the appear- 
ance under the circumstances of being com- 
paratively dark and insufficiently lighted. 
Just as the highest form of art is to con- 
ceal art, so the most effective and econom- 
ical methods of illumination are to conceal 
the source of light whilst throwing the 
maximum amount of illumination on the 
objects to be lighted. 

It is for this reason that the reflected arc 
lighting is at present becoming again so 
popular. By this system, a very diffused 
and practically shadowless light is obtained 
without glare, and it is a beautiful light to 
work by. There is, however. no doubt that 
this is an uneconomical method of lighting, 
owing to the double loss of light in the 
double reflection, first from the bottom re- 
flector, and then from the ceiling. The 
most economical method is, of course, one 
in which the light rays are thrown directly 
upon the objects to be lighted, the source 
of light thus being shaded or concealed. 
Considerable progress has been made in 
this direction in the matter of shop-window 
lighting. 





(From Llectrotechnik und Maschinenbau.) 


This movement deserves our own atten- 
tion, since innumerable cases of inartistic, 
unpractical and unhygienic illumination are 
to be observed, and the study of these 
questions by specialists would lead to bet- 
terment and to a further growth in the use 
of electric illumination. Would it not be 
advisable, for instance, for our larger cen- 
tral stations to put the services of such 
an engineer at the disposal of their con- 
sumers, and especially their prospective 
consumers ? 
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THE NEED FOR THE ILLUMINA- 
TING ENGINEER 


Leon Gaster, in the Electrical Magazine. 


The recent comments published in this 
journal dealing with the necessity for the 
professional illuminating expert, and your 
kind invitation to express my views re- 
garding this subject, are my main reasons 
for sending you the following article. 

Until recently insufficient attention has 
been given to the systematic application of 
the scientific principles of artificial illumina- 
tion, the degree of illumination desirable 
for different purposes, and the disposition 
of light sources for artistic effect. All these 
have been mostly ignored, or to say the 
least, on account of lacking exponents, have 
not been accorded the prominence due to 
them. ‘he different purposes for which 
artificial light is required call for special 
treatment if the best results are to be ob- 
tained, and it is therefore regrettable to 
note that in many cases recourse has been 
had, for effect, to extravagant illumination 
without due regard to expense, or the effect 
on the eyes from the glare. The reverse 
has happened in other cases, so that little 
light has been used on account of cost, and 
even that has not always been turned to the 
best advantage. 

My object in writing this article is not 
to make a wholesome complaint, but if pos- 
sible to indicate how in time to come, this 
deserved reproach of neglect may no more 
be justifiable. Considerable work has al- 
ready been done by several investigators 
ye the absorption and distribution of lght 
from shades, globes, and reflectors. The 
data obtained on this subject are, however, 
very much scattered, and no uniformity ex- 
ists in the results of the reported tests. 
The great variety of systems of photometric 
measurement and apparatus used by the 
different observers explain, to a certain ex- 
tent, the reason for these differences. The 
value of engineering data of this kind lies 
largely in their use for making comparison 
of one reflector, shade, or globe with an- 
other, and it is therefore gratir se to tind 
that recently Messrs. J. R. Cravath and V. 
R. Lansingh have drawn all their data, pub- 
lished in their admirable articles re re- 
flectors, shades, and globes in the Electrical 
World, from tests made in a single labora- 
tory. The results of these tests are there- 
fore of great value for comparison. The 
immediate practical application of the data 
given is evident, when one considers the 
great improvements which can be obtained 
in planning illumination by incandescent 
lamps, by knowing what types of reflectors, 
shades and globes have to be selected. so as 
to change the natural distribution of tgnt 
from the bare source for the accomplish- 
ment of a desired effect. In examining 
many of the existing installations, one is 
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often struck by the awkward position in 
which the lamps are placed, which can 
hardly be traced to the former use of gas 
and gas fittings. 

Much has been done by central station 
engineers to bring down the prices at whicn 
electrical energy can be generated by adopt- 
ing improved methods of power generation. 
Although there is still a great possibility 
for further reducing the price of the cur- 
rent in the future, the immediate economy 
to the consumer, however, lies in properly 
studying the selection of the most efficient 
type of lamps, by the careful distribution, 
and by a selection of shades and reflectors, 
and for this purpose the future illuminating 
engineer can come to his assistance. The 
present gap which seems to exist between 
the supply authorities and the consumer de- 
mands the creation of a distinct illuminat- 
ing engineering profession which will be 
expected to make a special study, not only 
of the merits of electric lighting, but be 
also well acquainted with the merits and 
faults of the other systems of illumination. 
Only from such experts can one reason- 
ably expect unbiased opinions as to the best 
systems of lighting to be adopted. Very 
often one is confronted with the problem 
of deciding whether gas, oil, or electric 
light is best to be employed, and only by 
properly studying the circumstances of the 
case, viz., the price per unit of electric en- 
ergy charged, that of gas or oil, and the 
purposes for which the light is to be util- 
ized, etc., is one in a position to decide 
what system would be best and most eco- 
nomical to adopt. For the present it is 
hardly possible to find that expert engineer 
of whom we are speaking now, because he 
is, as a rule, either interested in electric 
lighting or in pushing the gas interests, and 
we find that according to his inclination he 
may be biased in his decision. Moreover, 
it might appear in a good many cases that 
a combination of two systems would prove 
economical. Such cases have frequently 
come before my notice, one part of the 
work using gas, and the other using elec- 
tric light, but it is difficult to find at pres- 
ent the engineer to recommend the use of 
both systems. 

Gas engineers have nursed their consum- 
ers much more by looking after the light- 
ing business, greatly extendine the use of 
mantles, and have made the gas lighting 
what it is. There is, however, I believe, 
still more to be done in this respect by gas 
engineers. Some think that great econo- 
imes are to be derived in the future from 
further improvements in the manufacture 
of gas, and from the gas companies being 
relieved of the duty of producing gas of 
specified c. p. They would prefer to use 
the gas as a heating agent, and, indirectly, 
for lighting purposes, as in use of gas man- 
tles. Then gas would be cheaper, and it 
would find more extended use also for 
heating and motive power purposes. 
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THE EFFICIENCY OF LAMP GAS 
GLOBES* 


By F. C. Prentice anp J. S. WEsTERDALE. 


The first portion of the paper contains 
an account of previous work which has 
been done on the subject of the efficiency 
of globes. Dr. Sumpner in a paper en- 
titled “The Diffusion of Light” (Phil. 
Mag., February, 1893) (see also The Elec- 
trician, Vol. XXX., pp. 381, 411 and 439), 
tested three globes which absorbed 15, 42 
and 39 per cent. of the light respectively. 
Experiments of Messrs. Guthrie and Reid- 
head are given by Mr. G. D. Shepherdson 
in a paper on “The Loss of Light from the 
Use of Globes with Arc Lamps” (the Elec- 
trical World, 1804). Mean spherical and 
mean hemispherical candle-powers were 
measured and the efficiencies of clear, 
ground glass and opal globes are given as 
73.8, 50.2 and 45.2 per cent. for mean 
spherical and 72.4, 47.8 and 30.7 per cent. 
for mean hemispherical candle-power re- 





spectively. The authors, however, point 
Mean spherical 
Cop 
Globe. Arc Arc in 
only. globe. 
13-in. alabaster 346 339 
Parinclear wiisc sss; 346 308 
I3-1n. opalescent 342 343 
EO PRIS ile cick nt 342 306 





out some possible causes of error. A 
paper by Stort (Elektrotechnische Zeit- 
schrift, 1895), however, gives the loss of 
light with a clear glass globe as 6 per 
cent. and that with an opal globe as II 
per cent. Experiments by Williamson and 
Klink, published in the Journal of the 
Franklin Institute (Vol. CXLIX., 1900), 
dealing mainly with the distribution of 
light by “holophane” and other globes are 
next referred to, and after mentioning the 
article by Mr. M. Solomon on “Some Tests 
on Lamp Globes” which was published in 
The Electrician, November 3, 1905, p. 91, 
the first portion of the paper concludes 
with a reference to a series of articles by 
Cravath and Lansingh on “Reflectors, 
Shades and Globes,” which recently ap- 
peared in the Electrical World. In a few 
of these investigations, however, were polar 
curves of light distribution made on arc 
lamps surrounded by globes, so it was 
with this idea that the authors’ experi- 
ments were carried out, at the instigation 
of Prot.) Je A; Fleming, in the “Pender” 
laboratories at University College. 
Arrangements were made so that the 
beam to which the arc lamp was attached 





* Abstract of paper read before the Students’ 
Section of the Institution of Electrical Engineers, 
March 14, 1906. 
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could be rotated to any angle about a cen- 
ter which carried a plane mirror, situated 
in the axis of the optical bench. The arc 
was inverted to facilitate removal of the 
globes, and care was taken to keep the 
P.D. constant at 50 volts and the current 
constant at 6 amperes. Each observation 
given in an average of several readings, 
and the coefficient of reflection of the mir- 
ror, were accurately determined and al- 
lowed for. As secondary standards, a 
series of ordinary incandescent lamps were 
used and these were calibrated against a 
Fleming large bulb incandescent lamp hav- 
ing a known candle-power at a known cur- 
rent. A fixed Lummer-Brodhun prism 
photometer was used, the secondary stand- 
ard being moved to obtain a balance. Figs. 
I to 4 give a set of polar diagrams for four 
of the cases investigated. The “Rousseau” 
curves were deduced from these in the 
usual way. The mean spherical and mean 
hemispherical candle-powers obtained from 
these diagrams are given in the following 
table :— 

Referring to the polar curves, it is seen 





Mean Mean hemi- ae 
spherical spherical c. p. eee 
ratio. Arc Arce in a Ne 
Per cent. only. globe. Pereene 
98.0 592 473 79.9 
89.0 592 520 87.9 
100.0 288 238 82.8 
89.5 288 250 86.9 


that in the case of the uncovered arcs the 
candle-power drops very rapidly after 
about 70 deg., owing to the effect of the 
negative carbon cutting off light from the 
crater of the positive carbon. But in the 
case of the alabaster and opalescent globes, 
the globe itself becomes to a certain ex- 
tent the source of light, owing to disper- 
sion, so that when the globe is on we get 
a measurable candle-power right up to 180 
deg. There is another important reason 
why the candle-power in directions above 
go deg. is greater with the globe on than 
with the arc alone. Light from the crater 
falls on to the lower parts of the globe 
and is partly reflected back. This reflected 
light is partly emitted through the upper 
part of the globe, thus increasing the can- 
dle-power in these directions. The opales- 
cent and alabaster globes cut off a large 
percentage of the light. This, however, is 
not all lost, but, being partly dispersed and 
partly reflected back, increases the candle- 
power in the directions where for the arc 
alone it would be either nothing or very 
small. This accounts for the high values 
of the mean spherical ratio obtained. From 
the curves we see that in the directions 
where the candle-power of the arc is great- 
est the opalescent globe cuts off more light 
than the alabaster, even though it is not 
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so dense. This is due to its power of 
selective dispersion. The yellow rays pass 
through the globe, but a great part of the 
blue rays are reflected back and help to in- 
crease the candle-powers in the top part 
of the curve. For street lighting, all light 
above the horizontal is useless, so that 
globes that disperse the light well through 
the 180 deg. are unsuitable, although the 
mean spherical ratio may be great. ‘lhe 
mean hemispherical ratio is the more im- 
portant in this connection. The clear glass 
and prism globes have the highest mean 
hemispherical ratios, so that for street 


lighting these globes would be more ‘suit- 
able. 





Fic, 2.—PHoToMETRIC CURVES FOR 
131. Curar GLAss GLosF. 


rc, 1.—Pnotometric CURVES FoR 
131n, ALABASTER GLOBE. 





Fic. 4.—Puorometric Curves vor 
121, Prism Guone, 


Vig. 3.—PuoroMerric Culves Fron 
131n, Opa GLoBE. 
ot. 
WorkKsHoP ILLUMINATION. PRACTICAL 

CONSIDERATIONS GOVERNING THE EFFI- 

CIENT LIGHTING oF WorkKSHOPS BY ARTI- 

FICIAL APPLIANCES.—An abstract of a 

paper presented before the Coventry 

Engineering Society by Mr. A. E. A. 

Edwards. 

Attention is called in this article to the 
most obvious necessities and faults of gen- 
eral shop lighting. The advantages of 
providing light-colored or white walls and 
ceilings in order to produce diffuse reflec- 
tion are set forth. “It is computed that 
with a room of which the interior is paint- 
ed white a 20-candle-power lamp will give 
the same illumination as a 100 candle 
power lamp in a room with black surfaces.” 
The basis of this computation is evidently 
the statement made later in the article, that 
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white surfaces reflect 80% of the light. 
This figure is far too high, however, in 
practice, especially for walls in factories, 
which must soon become more or less 
soiled. It is even suggested that the ma- 
chinery itself be painted white or light 
color instead of the usual dark gray. 

The absorption of light by the various 
sorts of diffusing glass are stated and at- 
tention is called to the loss due to collec- 
tion of dust and dirt on globes, etc. 

The following advice as to the ordinary 
flat flame gas burner is to the point and 
well worth heeding: 

“The light we get from a burner does 
not depend altogether on the amount of 
gas that is passed through it. For in- 
stance, if we take two gas jets burning in 
an ordinary manner, and place them side 
by side, so that the two flames intermingle, 
the candle-power of the resultant flame is 
much greater than the candle-power of the 
two flames burning separately. In an ordi- 
nary union-jet burner there are two holes 
fairly close together. After use these holes 
alter in size and shape, and the lighting 
power of the jet rapidly deteriorates; these 
burners usually give 14% to 1% candle- 
power per cubic foot of gas used per hour. 
while a good steatite burner gives 2% 
candle-power per cubic foot. The infer- 
ence to be drawn is that as soon as the 
shape of the gas flame has become altered 
you may know that you are using that 
burner at a low efficiency, and it will pay 
you to throw the burner away and to put 
on another.” 

The blackening of incandescent electric 
lamps from overstrain is dwelt upon and 
a “warning is given against buying and 
using these so-called very high efficiency 
lamps.” “Arc lamps, like all other sources 
of light, should be so placed that the eye 
does not catch sight of the lamp while the 
workman is engaged in his occupation, al- 
though on the other hand they must not 
be ‘skyed’ for reasons already given.” A 
number of the conditions dealt with in re- 
lation to incandescent electric lamps do not 
apply to this country. 


HOW IS THIS FOR MUNICIPAL 
OWNERSHIP? 


(From The Electrician, April 6, 1906.) 
MUNICIPAL WIRING, 
London County on (General Powers) 
ill. 

“It shall be lawful for the council of any 
metropolitan borough being authorized to 
supply and supplying electrical energy to 
expend money upon the wiring and sup- 
plying with wires and fittings, motors and 
apparatus the premises of their consumers 
or prospective consumers, and to enter into 
and to carry into effect agreements and 
arrangements with respect thereto, and to 
ee such charges therefor as they may 
Scernt. 
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A NEW FLAME ARC LAMP 
(Electrical Review. ) 

Electric arc lamps designed to 
utilize the heating effect of the current 
have often been tried in this country, 
but judging from the fact that they 
have never come into practical use, 
have been unsuccessful. The principle 
however, being so simple, offers an 
attractive field for experiment, and has 
been utilized in a form of lamp called 
the Juno, which has reached a com- 
mercial stage in Europe. 


The “Juno” flame arc lamp, which has 
recently been designed and placed on the 
market by Messrs. Johnson & Phillips, of 
Old Charlton, is remarkably simple in con- 








Hot-wingE Pattern oF 
* Juno”’ Frame Arc Lamp, 
Scale: 5 full size, 


struction and operation, as will be gath- 
ered from the sectional drawing, Fig. 1. 
At present it is made in one standard size, 
which is stated to emit about 2,300 c. p. 
(mean spherical) at a consumption of 450 
watts. Four lamps of the type described 
below will burn in series across a 240-volt 
supply. 

The carbon C, does not burn away quite 
equally, but tapers down to a fine point 
where it comes into contact with the cop- 
per abutment A. After a while, however, 
this fine point breaks off and both carbons 
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drop a small fraction of an inch until the 
solid part of C, again rests on the abut- 
ment. A faint click is heard when this 
takes place, but the light remains steady. 
the only slight disadvantage of this hot- 
wire type of lamp, we were informed, is 
that it takes some time (about 10 seconds) 
for the lamp to light up again when sud- 
denly switched off and on. In many cases 
this is of no consequence, but to meet all 
requirements the firm are also making a 
lamp—otherwise identical with the one just 
described—in which an electromagnet takes 
the place of the hot wire. It has been 
found from experience that the copper 
abutment lasts two or three months, The 
light emitted is of a bright yellow color. 
Since the mechanism has been reduced to 
a minimum, and what there is of it takes 
up little room, the lamp is compact for its 
power, its overall height being 291% ins. 
Lhe hood is of sheet copper and is bright- 
ly polished in places, and the reflector is 
enameled in white. 

Reterring + toy bir, +1, G, ‘and Ce repré- 
sent the carbons, which are of a special 
quality, and not of the metal core variety. 
When the lamp is to be fed by continuous 
current, the carbons are of different thick- 
ness, and in the lamp we were shown at 
the works, the carbons were of a diameter 
of 8 mm. and 9 mm. respectively. It fitted 
with these carbons, the lamp, which con- 
sumes from 8 to 10 amperes, will burn 
from 10 to 12 hours before needing re- 
trimming, but with carbons of 11 mm. and 
13 mm. the hours of burning are increased 
to about 20. When used on an alternating- 
current circuit, carbons of the same thick- 
ness are used, of course. The carbons are 
18 ins. long, and are clamped at the top 
by the carbon holders HH, which are fixed 
to, but insulated from, the cross slides SS. 
By this arrangement, if the carbon C, is 
allowed to drop, C: will travel down at the 
Saimes ratess RR are of brass’ rod ‘and 
serve to guide the cross slide. The 
carbons converge towards their lower 
ends as_ shown, -and pass through two 
holes inthe: brass: cup. .B) The. car- 
bons slide down together by gravity un- 
til the carbon C: rests against the abut- 
ment A, which is simply a bent copper bar 
secured by the screw D to the metal cup 
B. This cup, which is split to allow for 
expansion, is fastened to, but insulated 
from, the brass plate E. Its chief function 
is to protect the flame arc from draughts, 
but it also helps to reflect the light down- 
wards. The copper piece A is provided 
for the carbon C, only, and the cross slides, 
the guiding rods and the holes in the cup 
B ensure that the second carbon Cs moves 
in exact step with CG:. The magnetic flux 
to elongate the arc is created in the iron 
rods II, which are wound with bare copper 
wire. This wire is insulated from the iron 
rod by a layer of mica and other insulators. 
W is a stout wire of a nickel-iron alloy, 
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which also ,contains a little copper. When 
the lamp is not burning, the tension of the 
wire W keeps the striker F (whose ful- 
crum is at G) in the position shown, and 
the carbon C2 is pressed against the carbon 
Ci by the collar K, which is rigidly fixed 
to the striker. L is a thumb-screw, by 
means of which the tension of the hot wire 
W can be adjusted. In order to assist 
cooling, the middle portion of the hot wire 
is flattened out. nit’ 

If the lamp now be switched into circuit, 
current will enter by one of the terminals 
TT, and, after flowing through the hot 
wire, the carbons and the blow magnets 1n 
series, will leave by the other terminal. 
The flexible connections (not shown in 
the drawing) between the various parts are 
protected in the customary manner by in- 
sulating beads. The hot wire heats up 
very quickly and elongates, and the striker 
is free to rotate in a counter-clockwise di- 
rection about G by gravity. At the same 
time the collar K moves towards the right, 
and in doing so draws the carbon Cs away 
from. Ci. In this way the arc is struck. 
When the current is switched off. the hot 
wire cools down and contracts; the striker 
is rotated in a clockwise direction against 
gravity and the carbons are again brought 
into contact with one another, ready for 
starting the arc. Although the whole 
length of the iron rods II, which consti- 
tute the cores of the blow magnets, is 
wound with copper wire, only a portion of 
the available turns is utilized. With alter- 
nating currents a larger number of turns 
is used than with continuous currents. The 
number of turns is easily regulated by con- 
necting the flexible conductors to the cop- 
per helix (by means of clamps) at any 
point along the rod I. The glass globe M 
is held in place by the springy wire N and 
the cap O. The voltage across the arc is 
from 40 to 45 volts, and from 6 to 7 volts 
are lost in the carbons, hot wire and the 
copper helix which produces the magnetic 
flux. 


A GERMAN MERCURY VAPOR 
LAMP 


(From Electrical Review, March 23, 1906.) 

The Quarz Lampen Gesellschaft is the 
title of a new company which has been 
formed in Berlin, and in which the Allge- 
meine Electricitats Gesellschaft and the 
fitm of WW: C.. Heraus, of “Hanau, are in- 
terested. The company takes over the pat- 
ents of Dr. Kuch, of the Hanau firm in 
question, relating to a mercury lamp which, 
according to the official statement, repre- 
sents a material improvement over the 
already known mercury vapor lamp, from 
which it differs in being made of pure 
quartz and not glass. It is claimed that the 
advantage of the invention lies in the econ- 
omy realized and in the possibility of manu- 
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facturing the lamps for all ordinary pres- 
sures up to 500 volts and of being able to 
place them everywhere singly in circuit; 
whilst at the same time the lamps require 
but little attention, as carbons are not used 
and the wearing out of the part to be re- 
placed does not take place under 1,000 
working hours. It is therefore submitted 
that the lamp will prove in many cases to 
be the substitute that has long been de- 
sired for arc lamps. As against this state- 
ment a technical correspondent of the Ber- 
lin Tageblatt remarks that the lamp is not 
new and that it was improved by the Hanau 
firm in continuation of the investigations 
which were begun by Dr. Arons in berlin 
Oven IO years ago. The lamp, he declares, 
is not applicable asa source of light, but 
rather as a means of production for the so- 
called short wave action rays, that is, for 
chemical and physiological purposes. It 
gives a cold violet light; of more impor- 
tance are the ultra-violet rays emitted by it, 
which are not seen but which are of con- 
siderable effect upon the human skin and 
upon the production of numerous chemical 
reactions. The rays proceed from the mer- 
cury vapor which is enclosed in a tube, and 
through which passes an electric current. 
The tube is made of quartz, or, as Herr 
Schott, of Jena, has shown, from special 
kinds of glass, as ordinary glass absorbs the 
most effective rays and would retain them 
in the lamp. The correspondent in conclu- 
sion states that it cannot yet be judged 
whether the lamp will find technical appli- 
cation on a large scale. 





THE WOLFRAM LAMP 


(From Electrotecknik und Maschinenbau.) 


The General Electric Company, of Uj- 
pest, Incandescent Lamp Department, re- 
ports the following: 

‘Since the appearance of the Osmium 
lamp many experiments have been made 
to use different metals for lamp filaments. 

Of the many metals examined for this 

purpose, wolfram, or tungsten, has proven 
the best adapted to the requirements of 
the economic production of incandescent 
lamps. The abundance of this metal and 
its high fusing point make it possible to 
produce an electric lamp which is both 
economical and durable. 
_ The pronounced advantages of this metal 
in its pure state for electric lamps was 
first recognized by Dr. Alexander Just, and 
Franz Hanaman, engineer, who took out 
patents in 1903 for methods for producing 
filaments of pure wolfram. Since then a 
number of patents have been issued to the 
above named engineer in connection with 
the General Electric Company, of Ujpest, 
which, for the most part, have already been 
published. 

The inventors hold that pure wolfram, 
free of carbon, is infusable. Experiments 
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which have been made in this direction 
have brought out the interesting fact that 
at the highest attainable temperature the 
metal evaporates without first passing 
through the liquid state. In this connec- 
tion it has a similarity to carbon, with the 
difference only that the temperature of 
evaporating for wolfram is considerably 
higher than that of carbon. 

The methods of Messrs. Just and Hana- 
man permit of the production of extreme- 
ly fine, pure wolfram wire, by which it is 
possible to produce lamps for a tension 
of 110 v. and of comparatively small can- 
dle-power (32 c. p.). Equally fine wire 
has not heretofore been produced by the 
experiments made with osmium by the 
Pasta method. ; 

A notable property of the Wolfram lamp 
is its high efficiency and long life. For 
example, the life of a Wolfram lamp of 
P10. vs" and 740 ‘Hefiner ‘candles, with, an 
efficiency of I w. per candle, averages 1,500 
hours, while the maximum life is consid- 
erably greater. Another characteristic of 
the lamp is the ratio of the useful life to 
that of its total life; there is no decrease 
in candle-power. The Wolfram lamp is 
not affected by higher voltage and there- 
fore fluctuations of current in the supply 
wires does not affect the lamp. Pure alu- 
minumoxyd has proven the most suitable 
material for attaching the Wolfram fila- 
ments, though mixtures of other oxides 
can also be used for this purpose. 

The outer form of the Wolfram lamp is 
the same as the ordinary carbon filament 
lamp. 

The Wolfram lamp is being put out by 
the General Electric Company, of Ujpest, 
who own the patents for Austria-Hungary, 
Russia, Belgium, Italy, Spain and Portu- 
gal. The German patents were owned by 
the Wolfram Company, Augsburg, but 
have been transferred to Geo. Ludecke & 
Company, Lechhausen. 


—_—— 


A COMBINATION WELSBACH AND 
NERNST LAMP 


(From Electrotecknik und Maschinenbau.) 


Adolph Herz, of Vienna, has devised a 
combination of the Welsbach and Nernst 
lamps. Herz utilizes the principle that the 
higher the temperature of the incandescent 
body the higher will be the efficiency, as 
the visible part of the spectrum increases 
with temperature. The invention consists 
in passing an electric current of suitable 
strength and voltage through the incandes- 
cent body, which is already heated by the 
ordinary Bunsen flame, so that the body 
heated by gas receives an additional rise 
of temperature by the passing of the elec- 
tric current, whereby the production of 
light will be increased accordingly. 
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INVERTED LAMPS FOR STREET 
LIGHTING 
By W. R. HeErrino. 
(From Journal of Gas Lighting.) 


The Lighting Committee of the Edin- 
burgh Corporation have resolved to. recom- 
mend the City Council to convert the whole 
of the flat-flame burners that are not at 
present on the incandescent principle to 
this latter system, and have resolved to 
recommend the inverted burner for the pur- 
pose. About 6000 lamps remain for conver- 
sion out of a total of about 11,000 all told. 

[t may be interesting to note that we first 
experimented with the inverted incandes- 
cent burner, with a view to adapting it to 
street lighting, early in 1904, as the diffi- 
culty we had in Edinburgh in inducing the 
authorities to adopt the incandescent system 
of lighting was the fact that our street 
lamps had hitherto been rated at 2 cubic feet 
per hour; and the smallest tvpe of incan- 
descent burner that could then be recom- 
mended was 3 cubic feet per hour—thus 
adding considerably to the cost of public 
lighting as distinct from England, where the 
introduction of incandescent burners re- 
duced the consumption. 

The first lamp fitted in a public thor- 
oughfare was set up on June 13, 1904, in 
New street. Later on some further lamps 
were fitted up, among others two at my 
house—one in the courtyard at the back, 
and one at the stable yard. These lamps 
have stood the test of time, with a very 
large admixture of storms; and they con- 
tinue to be in every way satisfactory. The 
very marked superiority of both the appear- 
ance and effective illumination yielded by 
a lantern when fitted with the inverted 
burner, and the same lantern fitted with an 
upright burner consuming more gas, quick- 
ly convinced us that the future, so far as 
Edinburgh was concerned, lay in the adop- 
tion of this burner. Caution, however, be- 
ing our natural characteristic, no great 
strides were made until further experience 
was gained by the lighting of some streets; 
and this has been proved during the past 
winter, with the result that the Lighting 
Committee are so satisfied as to recommend 
their universal adoption in the future. 

The difficulty of adjusting a lamp gov- 
ernor with any type of incandescent burner 
to yield the proper rate of consumption 
with varying inlet pressures on the district, 
is a real one that has not yet perhaps re- 
ceived the attention it deserves. If an in- 
candescent burner of any type is removed 
from a public lamp, and tested at various 
inlet pressures, it will be found that the 
consumption, instead of being constant, 
varies with the pressure on the governor 
inlet. 

What originally led me to investigations 
which I have only very briefly outlined (and 
which I may say I have not even yet com- 
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pleted) was the trouble experienced with 
the deposit of carbon in the upper part of 
the inverted burner fitments. It was at 
first thought that the admixture of gas and 
air was improperly proportioned ; but there 
appears to be little doubt that it originates 
from the low pressure during the midnight 
hours, which not only reduces the con- 
sumption of gas, but seems to entirely upset 
the injector effect of the gas current, and 
thus destroys the proportion of inflowing 
air, for we find by suspending a sheet of 
bibulous paper above the burner that no 
darkening takes place when the gas inlet 
pressure is at or about 20-10ths and up- 
wards, but there are decided evidences of 
improper combustion below 15-1oths pres- 
sure. 


PLAISSETTY SOFT MANTLES 
(From Journal of Gas Lighting.) 


Several ideas have been made _ public 
through the Patent Office for supplanting 
the ordinary form of finished mantles. The 
objects in view have been to obtain mantles 
or incandescing material which will not be 
subject to damage in transit, and to avoid 
the depreciating etfects that investigators 
(more particularly Continental ones) have 
stated results from the subjecting of the 
mantles to the amount of collodionizing, 
after burning out the base fabric and hard- 
ening, necessary to admit of their safe 
transport. But after publication by the 
Patent Office, nothing more has been heard 
of these ideas. But that there is some- 
thing in the incentives to these inventions 
is shown by the fact that Continental and 
London gas undertakings are doing their 
own burning-off for certain purposes. 

In the Journal for March 6, we referred 
to the new flexible mantles which the 
Plaissetty Manufacturing Company have 
just brought out for inverted burners, with 
which mantles until they are placed on the 
burners the liberty may be taken of crush- 
ing with impunity. 

These are some of the advantages that the 
Company claim for the mantles: “(1) The 
ash fabric of the mantle has not to be sub- 
jected to the same amount of treatment as 
previously by collodion; and the consequent 
weakening of the fabric is avoided. A 
mantle of three or four times the strength 
of the old mantle is obtained. The resis- 
tance to vibration is remarkable, and makes 
the mantle peculiarly suitable for the light- 
ing of streets, railways, and factories. The 
householder will also get a mantle which 
will outlast three or four of the old mantles. 
(2) There is no risk of damage in packing 
or transit. 2 Vher user.ican rely upon every 
mantle as it reaches him being sound. (3) 
In the case of export, the mantles cannot 
be damaged; every one will arrive in per- 
fect condition. The bulk and weight of the 
packages will also be reduced to one-fifth 


' purified gas presumably. 
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of the old packages.’ The great thing is 
that nothing can happen to the mantles, be- 
tween their manufacturing stage and the 
consumers’ burner, to contribute to their 
wrecking. The sample mantles that we 
have received were purposely delivered in 
a crumpled and disordered state to prove 
this point. There may be some difficulty 
in getting private consumers to adopt 
mantles in this form, owing to the little ad- 
ditional trouble involved ; but gas under- 
takings whose business includes the main- 
tenance of street-lamps and private burners 

ay find it to their advantage to test them. 





INVERTED ACETYLENE BURNERS 

(Gas Engineers’ Magazine, April Io.) 

At the recent International Acetylene 
Congress held at Liége, an inverted incan- 
descent burner for acetylene was exhibited 
by a French firm. The makers claim that 
the burner gives a light equal to 50 French 
candle-power for a consumption of 12 h- 
ters, and one of 100 candle-power for 20 
liters; and also that the average life-time 
of the mantles is 200 hours—with rigidly 
But they also 
state that the gas-pressure must be at least 
30 centimeters, 1. e., I2 inches of water 
column, which, assuming the excellence of 
the burner in all other respects, seriously 
diminishes its utility. 





SOME NOTES ON ACETYLENE 


BY cook rensy eek at. 
(From Journal of Gas Lighting.) 


Two matters have arisen in connection 
with the British acetylene industry during 
the past few months, which appear to have 
sufficient technical importance to deserve 
some little consideration. The first of 
these relates to the compression of a mix- 
ture of acetylene and oil gas, as brought in- 
to prominence by a Home Office Order is- 
sued last winter; the second is the question 
as to the advisability of allowing alloyed 
copper to come into contact with acetylene, 
which culminated when the last new rules 
of the London County Council about the 
employment of “dissolved acetylene” for 
cinematograph entertainments in theatres 
and the like, were published a few weeks 
ago. 

ACETYLENE-OIL-GAS. 

The original Home Office Order regu- 
lating the preparation and use of acetylene- 
oil-gas bears the date of March 28, 1808; 
and its essential provisions are that a mix- 
ture containing not more than 20 per cent. 
by volume of acetylene may be compressed 
to a limit not exceeding 150 lbs. per square 
inch. To be precise and worthy of a legal 
enactment of this nature, the temperature 
at which the pressure must not exceed the 
prescribed point ought to be mentioned; 
but this has not been attended to. 
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In order to consider the relative propri- 
ety of these directions, some of the physico- 
chemical properties of acetylene have to be 
studied. Being an endothermic compound, 
there is a kind of critical pressure at which 
acetylene stored in the absence of air loses 
its natural degree of stability. Below that 
pressure, a spark produced by friction or 
electricity, or a severe shock applied to the 
interior of the vessel holding it, produces 
no more than a purely local dissociation in- 
to its elements; the extent of the decompo- 
sition being so circumscribed as to be of no 
practical importance whatever. Above the 


critical pressure named, however, a spark, | 


shock, or a suitable heating of the vessel, 
causes the whole bulk of gas present to dis- 
sociate violently; and the decomposition 
proceeds with the accelerating velocity 
which characterizes an explosion. Accord- 
ing to the experiments of Berthelot and of 
Dupré in this country, the so-called critical 
pressure lies at a point which, at ordinary 
temperatures, is sensibly that of two atmos- 
pheres absolute. Hence the maximum ef- 
fective pressure set up during the prepara- 
tion or use of neat acetylene, is always reg- 
ulated by law or otherwise to some figure 
appreciably less than that of one atmos- 
phere; the only exception being when the 
gas is compressed by its manufacturer, 
without loss of time, into acetone held 


within the interstices of an appropriate por- 


ous material (‘‘dissolved acetylene’). 

Thus it may be said that the maximum 
degree to which acetylene when uncontami- 
nated with air or other impurities, and not 
diluted with any other gas, may be safely 
compressed is one lying somewhat lower 
than a “partial pressure” of two atmos- 
pheres absolute. It follows, therefore, that 
if the acetylene is first diluted with some 
gas which is wholly indifferent to it, and 
neither increasing nor diminishing the natu- 
ral tendency of the acetylene to dissociate 
-—some gas which is (obviously) stable of 
itself at the pressure contemplated—the 
mixture of acetylene with the other gas 
may be safely raised to a pressure, at ordi- 
nary temperatures, at which the acetylene 
in the mixture stands just below a partial 
pressure of two atmospheres absolute. It is 
needless to say that the acetylene in a mix- 
ture containing 20 per cent. by volume of 
that constituent exists at a partial pressure 
of two atmospheres when the whole mix- 
ture is raised to a pressure equal to 150 lbs. 
per square inch. Now, it is highly probable 
that no such ideally indifferent diluent gas 
exists, but that of the gas with which the 
acetylene is diluted does not increase the 
tendency of the latter to dissociate, it di- 
minishes the tendency. Therefore, if a mix- 
ture of acetylene with a suitably sluggish 
or indifferent gas is prepared, the mixture 
is not likely to be capable of dissociation 
(even so far as the acetylene in it is con- 
cerned) under the influence of a spark or 
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shock until the whole is so highly com- 
pressed that the acetylene stands at a partial 
pressure appreciably exceeding that of two 
atmospheres absolvte. 

Atkins acetylene apparently without any 
chemical purification, has been examined by 
a Westminster analyst, and found to con- 
tain 0.082 milligramme of phosphorus per 
litre, o.o10 milligramme of sulphur, and 
0.366 milligramme of ammonia. ‘These 
figures represent a sufficient degree of pur- 
ity for all practical purposes—except the 
ammonia perhaps, and indicate a gas that 
would in all probability pass a properly 
applied Keppeler test-paper. If such\a de- 
gree of purity were to be constantly main- 
tained, the acetylene would behave well un- 
der an incandescent mantle, always pro- 
vided that no dust were carried forward 
from the agitating drum. The report as- 
serts that the phosphorus compounds re- 
sulting from the decomposition of phos- 
phides in the carbide are retained by the 
sodium in the form of “sodic phosphite’— 
a statement of which I should like some 
confirmation. The purity of any particular 
sample of acetylene depends not only on the 
method of generating it, and on the method 
(if any) of chemical purification, but mani- 
festly on the quality of the carbide decom- 
posed. 

Everybody concerned in the acetylene in- 
dustry might be supposed to have a reason- 
ably clear notion as to the risk involved in 
allowing acetylene to come into contact with 
copper itself. When the gas is warm, moist, 
and charged in the natural way with im- 
purities—especially ammonia—it is liable to 
react with unalloyed copper, yielding a 
body known as copper acetylide, which is 
sharply explosive when dry. Conclusive 
evidence that a similar reaction cannot take 
place when the acetylene is pure has not yet 
been offered, although there is much prob- 
ability in the assumption that a reaction 
between metallic copper and pure acetylene, 
with copper acetylide as the product, is 
somewhat unlikely to occur. Hence the 
employment of unalloyed copper in the con- 
struction of acetylene plant is prohibited by 
law, practically forbidden by fire insurance 
officials, or condemned by the different Ace- 
tvlene Associations—as the case may be. 
The new Government code of rules which 
came into force in Austria in February, 
1905, says “parts that come into contact with 
carbide or acetylene must not be construct- 
ed of metals (especially copper) which 
form explosive compounds with the gas. 
Copper alloys, such as brass, bronze, and 
the like, may be used for cocks, valves, 
screw connections and similar parts; and 
these must always be kept clean.” In the 
analogous general code which came into 
operation in most parts of Germany at the 
beginning of last October or soon after- 
wards, the corresponding rule reads “Cop- 
per must not be used in the construction of 
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any part of the apparatus or service-pipes. 
The employment of brass is permissible.” 
There is a virtually identical rule in the 
suggestive code of our Acetylene Associa- 
tion. The rules of the German Association 
specify that apparatus shall only be con- 
structed of wrought or cast iron; that 
unions, cocks, and valves shall not be made 
of copper; but that the use of brass and 
bronze is permitted. Thus the general 
trend of expert opinion is that there is no 
objection to having allowed copper in or 
about acetylene plant. 

All that need be pointed out is the ab- 
sence of any real necessity for prohibiting 
the employment of alloyed copper in ordi- 
nary forms of acetylene apparatus, while 
emphasizing the desirability of avoiding the 
use of that metal in the unalloyed state. 
Numberless cylinders of dissolved acety- 
lene in which the accessories—such as the 
reducing valve, high and low pressure 
gauges, the stop valve, unions, and con- 
nectors—are composed of some alloy like 
gun-metal have been in use for several 
years, and are so still, in France, the United 
States, this country, and Austria; and no 
accident has yet occurred in connection 
with them. The writer has experimented 
with one of these cylinders for months, 
carrying out numerous photometric obser- 
vations upon the behavior of incandescent 
acetylene burners with the aid of dissolved 
acetylene (on the results of which investi- 
gation he hopes to be able to report short- 
ly); and on no single occasion has he ex- 
perienced the least accident or mishap, or 
found the cylinder to fail in its delivery of 
gas with the utmost smoothness desirable. 





AN INGENIOUS FRAUD 
(From Electricity, April 20, 1906.) 


An esteemed contemporary, the Hard- 
wareman, has recently exposed, in its col- 
umns, a peculiarly ingenious form of elec- 
tric light fraud, which is being worked in 
various parts of the country, and from its 
nature is calculated to entrap the unwary 
electric light consumer, or even the wiring 
contractor if his electrical knowledge be 
little and therefore dangerous. As it may 
be the means of saving some of my read- 
ers, or, at all events, their clients, from be- 
ing victimized, I give the modus operand 
herewith. There is a London firm of so- 
called electrical engineers, who are ap- 
proaching various electric light consumers 
throughout the country with an offer to re- 
duce their quarterly accounts for electrical 
energy, and, what is more, to do it on the 
instalment plan, “no saving, no payment.” 
To this end they offer to supply the con- 
sumer, free of charge, with incandescent 
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lamps for any period of not less than 
twelve months, taking payment for same 
from the consumer, monthly, in sums to 
be paid on the cash value of current saved 
by the lamps as compared with the corre- 
sponding period of the previous year. 

Should the consumer not desire an easy 
system of payment, but proffer to buy the 
lamps outright, the firm are prepared to 
submit any number of their lamps for test- 
ing, on the consumer’s own meter, to prove 
what saving in current consumption is ef- 
fected over the same number of lamps pre- 
viously used. A condition of this test is 
that the consumer shall use new lamps in 
competition with the current-saving vari- 
ety, in order to make the test apparently 
more fair. So far as current consumption 
goes, the offer is perfectly bond fide; the 
new lamps supplied by this enterprising 
firm do show a saving as compared with 
the ordinary 16-c. p. incandescents so large- 
ly used for the electric lighting of shops, 
hotels, restaurants, private houses, etc., but 
the trick consists in the substitution of a 
foreign-made 8-c. p. lamp, marked I6-c. p., 
for the genuine 16-c. p. lamps already in 
use. With the aid of an ammeter these 
traveling salesmen readily convince the 
layman of an acknowledged electrical fact 
—viz., that an 8-c. p. lamp consumes less 
current than one of twice the candle-power, 
and the result is usually an order for the 
new lamps, which show a saving of about 
33 per cent. on the quarterly accounts of 
the supply company. The essence of the 
fraud consists, of course, in showing off a 
new &-c. p. lamp against an old one of 
16-c. p. The one takes less current, and 
is, apparently, more brilliant, hence the 
trapping of the unwary. 





WHY AMERICAN LAMPS SELL IN 
ENGLAND 
(Editorial, Electrical Review.) 


Why is it that some manufacturers in- 
sist, in season and out of season, on the 
better conditions for manufacture that ob- 
tain in the United States and the Conti- 
nent than in Great Britain? Ten or twen- 
ty years ago, before this was the fashion, 
the British manufacturer, when he spoke 
in public, took the line that his goods were 
the best, although some foreigner might 
possibly be able to sell goods of inferior 
quality to his at a cheaper rate. Now he 
loses no opportunity to insist on the con- 
ditions which, he says, enable the foreigner 
to make the same class of goods as his own 
at. a lower price- He is, in. fact; too apt 
to forget that he is a business man, and to 
become a_ politician. 
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WASTE IN INCANDESCENT ELEC- 
TRIC LIGHTING AND SOME 
SUGGESTED REMEDIES 
(From Electrician, March 16, 1906.) 


We report this week at considerable 
length the discussion on Mr. George Wil- 
kinson’s proposals for checking the waste- 
ful use of old and inefficient lamps by con- 
sumers, and we do not doubt that these 
expressions of opinion from different quar- 
ters will be found valuable by the supply 
station engineers. The lamp makers’ point 
of view was ably expressed by Mr. Wilson, 
but he made too much of the disadvantages 
under which he says lamp makers in this 
country suffer on account of the absence 
of “grading” in supply station voltages. 
Perhaps the lamp makers have not been 
consulted as to this grading, but we ven- 
ture to suggest that the variety in declared 
pressures in this country should be quite 
sufficient to afford a market for the “out- 
falls” in 220-volt lamp manufacture. 

To return to the question of the grading 
of the various pressures and the number 
of lamp pressure: A buyer of lamps, after 
reading Mr. Wilson’s remarks, will nat- 
urally say, if the American lamp maker can 
make his lamps cheaper, owing to this proc- 
ess of grading, we shall get better value 
for our money in America—either better 
lamps at the same price, or the same qual- 
ity lamps as in England, but at a lower 
price. He will therefore buy in America. 
Fortunately there is little foundation for 
Mr. Wilson’s complaint on this score, al- 
though his figures and data on other points 
have a praictical value. 


Mr. Wilson had twice had the opportu-— 


nity of visiting the United States, princi- 
pally with regard to the lamp business, and 
it could not be denied that the lamps sup- 
plied in America were far more closely 
graded than the lamps supplied in this 
country owing to the advantageous con- 
ditions under which they worked. The 
central stations in America were closely 
allied to, and worked hand in hand with, 
the lamp manufacturer, and if it was found 
in their lamp works that they had a per- 
centage of outfalls for which there was 
no demand, in the next central station 
which was put down the voltage was 
graded to suit that particular line. There 
should, he thought, be no difficulty in ar- 
ranging that a standard voltage should be 
set up, and that, say, 60 per cent. of the 
stations be run at this standard voltage 
and the other 4o per cent. be graded be- 
low and above in steps of, say, 4 or 5 volts. 

Mr. Emmott said that exhibitions, per- 
manent showrooms and advice on gas-con- 
suming appliances were at the service of 
the customer of a gas undertaking; and he 
strongly advocated something of this na- 
ture in electricity undertakings. He had 
had a large number of tests made some- 
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what on the lines indicated by Mr. Wilkin- 
son for some time and generally agreed 
with his results, although he had few so 
bad as the worst recorded in the paper; 
they were in his experience, the exception 
and not the rule. Consumers required edu- 
cating; for instance, many good lamps lost 
I5 per cent. of their illuminating power 
simply through an accumulation of dust. 

Mr. Woodhouse said that they must 
make the consumer their study. Improve- 
ments in the station were not so necessary 
as in consumers’ installations; they must 
remember, in fact, that they were selling 
light, not current. He agreed with Mr. 
Wilkinson that the wiring contractor was 
a valuable canvasser and should be encour- 
aged. Mr. Wilkinson’s system of ensuring 
good lamps to the consumers was excel- 
lent. There were other ways of doing 
this; one system which worked success- 
fully was to change all the consumers’ 
lamps every six months and supply new 
ones. Those taken out were tested for 
wattage and candle-power; those that did 
not come within certain limits were de- 
stroyed, and the others were returned to 
stock ready to be sent out aagin. The cost 
of doing this could be included in the price 
per unit charged for current. On the sub- 
ject of lamp testing he would like to ask 
the lamp-makers whether conclusions 
drawn from ageing and wattage tests, at 
pressures above the normal, could be de- 
pended on. Mr. Wilkinson suggested age- 
ing lamps at 50 per cent. above their rated 
pressure, and if the tests made after such 
accelerated ageing could be relied on much 
time would be saved. 

Mr. A. S. Blackman, whilst agreeing with 
the author to a certain extent, certainly 
thought that he was advocating a most 
cumbersome method of getting over the 
difficulties. As would be generally known, 
his predecessor (Mr. A. H. Gibbings) in- 
itiated a system of supplying free lamps 
in Bradford, and after two years’ experi- 
ence in working the system he (the speak- 
er) certainly thought it was one of the 
very best things that had been done in the 
way of looking after the consumers’ end 
of the problem. They had been distribut- 
ing something like 14,000 lamps per annum. 
and the cost of supplying them amounted 
to less than 3 per cent. of the consumer’s 
bill. This could be looked upon as a dis- 
count of 3 per cent., and it is rather inter- 
esting to note that previous to the free 
lamp scheme, the consumer had a discount 
of 2% per cent. allowed for prompt pay- 
ment, but the free lamp system was found 
to ensure this very much better than fhe 
giving of discount, from which it could be 
inferred that the consumer annreciated this 
very much more than a corresponding re- 
duction in his account. They had found 
from experience that a man felt it a good 
deal more when he lost his lamps than his 
discount. 
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Miscellaneous News 


AUBURN, N. Y.—Gov. Higgins has ve- 
toed bills fixing the price of gas in Auburn, 
Seneca Falls, and Watertown at one dollar 
per thousand feet. 


ALBANY, N. Y.—A corporation has 
been chartered under the name of the In- 
terstate Gas Light Co., for the purpose of 
manufacturing gas-making machines, and 
installing private gas plants. Headquarters 
have been established at 34 Lodge street. 
The company is looking for a factory in 


which to carry on the manufacture. The 
capital stock is $75,000. 
BOSTON, MASS.—The Rising Sun 


Street Lighting Co. has renewed its con- 
tract with the city for the lighting of 
streets with gas lamps until January Ist 
NeXt, 


BUFFALO, N. Y.—After a considerable 
agitation by the Mayor, and those favor- 
ing municipal ownership, the question has 
been settled for the next five years by the 
Buffalo General Electric Company reduc- 
ing the cost of the street arc lamps from 
$75 to $56, and making satisfactory reduc- 
tions to private customers. The arrange- 
ment appears to be satisfactory to all par- 
ties concerned. 


CHICAGO, ILL.—An ordinance agreed 
upon by the Council Committee on Gas, 
Oil, and Electric Light, permits the Edison 
and Commonwealth companies to unite, but 
does not permit of their taking in com- 


panies outside of the city. The price of arc _ 


lamps to the city is to be $75 per year. The 
price of current to consumers is on the fol- 
lowing basis: for the next two years, maxi- 
mum 15 cents per kw. hour; for the succeed- 
ing three years, 13 cents; to consumers using 
more than thirty kw. hours per month, 10 
cents per kw. hour the first year, 9 cents 
the second, 8 cents the third, and 7 cents 
the fourth and fifth years; discount of I 
cent is to be allowed for prompt payment 
of bills. The contract with the city is to 
run for five years, beginning June 15th. 


GREAT FALLS, MONT.—The city has 
voted to grant a franchise to Henry W. 
Mahaney, of Spokane, to erect and main- 
tain a plant for the manufacture and dis- 
tribution of illuminating and fuel gas and 
by-products. The franchise carries a guar- 
antee to pay 2 per cent. of the gross re- 
ceipts into the city treasury. 


LOUISVILLE, KY.—On’ account: of the 
rejection of the Atherton-Jones electric 
franchise ordinance by the board of alder- 
men, charges are made that illegitimate 
means were used to influence the vote. An 
investigation is on by an aldermanic com- 
mittee. 


NEW YORK CITY.—The Consolidated 
Gas Company are testing in the courts the 
constitutionality of the bill recently passed 
reducing the price of gas to 80 cents per 
1,000. By an order of the court the con- 
sumers must continue to pay the $1.00 rate, 
but will receive a rebate in case the bill is 
sustained. The Brooklyn Union Gas Co. 
will charge the 8o0-cent rate, and reserve 
the right to collect the difference in case 
the bill is not sustained. 


PHILADELPHIA, PA.—As a result of 
efforts on the part of the mayor and citi- 
zens to secure competition in electric light- 
ing, the Commonwealth Electrical Co. have 
agreed to accept a 50-year limit to their 
franchise. This offer is being opposed in 
the hope that a competing company may 
be formed. 


PITTSBURG, PA.—The Pennsylvania 
Railroad has been experimenting during 
the past year with a new method of light- 
ing its passenger coaches by electricty. 
Such satisfactory results have been ob- 
tained that all the new passenger equip- 
ment to be built for the lines west of Pitts- 
burg this year will have the improved sys- 
tem, which consists in using five 50-c.p. in- 
candescent lamps, fitted with Holophane 
reflectors, for each car, instead of five clus- 
ters of eight 4-c.p. lamps. It is figured 
that with the reflectors the illumination 
will be increased to 85 c.p. on the surface 
of a newspaper held by a passenger. 


PITTSBURG, PA. — The Allegheny 
County Light Co. will make another year’s 
contract with the city of Pittsburg for fur- 
nishing lights for the streets. The com- 
poy promises a cheaper rate than hereto— 
ore. 


SYRACUSE, N. Y.—Probably the most 
searching public investigation of the opera- 
tion of electric light and gas plants that 
has ever taken place has been brought to> 
a close in this city by the State Commis-. 
sion of Gas and Electricity. Numerous 
experts were called on both sides and alf 
possible information made public. The tes- 
timony will cover 500 pages. The interest 
aroused in this investigation has created a 
general crusade in the principal cities of the 
United States for investigation, with the 
expectation of getting cheaper rates and 
better service. 


TROY, N. Y.—Mr. Gaus has requested’ 
the State Commission of Gas and Elec- 
tricity to investigate the Albany Electrical 
Illuminating Co. and fix a maximum price 
which the company may charge for its cur- 
Rerit: 

Judge Andrew Hamilton, of the “yellow 
dog” insurance fund notoriety, is attacking: 
the legal status of the commission. 
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From Photo by Marceau taken under the Moore Vacuum Tube Light. 
DANIEL McFARLAN MOORE. 
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Practical Problems in Illuminating Engineering 


By ARTHUR A. ERNST. 


Tll.— THE LIGHTING OF A SECTION OF THE MARSHALL FIELD STORE, CHICAGO. 


The difficulties which the illumina- 
ting engineer most frequently has to 
encounter in practical work are vague- 
ness in requirements, and a lack of 
scientific and accurate methods of 
checking the results. The owner of 
a building usually has a_ general 
though indefinite idea of what he ex- 
pects in the way of results, which 
indefiniteness is further increased 
when imparting his ideas to the engi- 
neer. Gathering what information he 
can from these more or less indefinite 
statements, the engineer is forced to 
depend largely upon his own judgment 
as to the illumination required for the 
purposes in hand. In the case treated 
in this article the reverse of these con- 
ditions was presented. The specifica- 
tions were exact and exacting, and 
the results demanded were such as 
could only be secured by a careful 
study of the problem and a resort to 
the most efficient devices obtainable. 
The conditions were purposely made 
very specific, since the installation was 
intended as a demonstration in one 
part of the building, the results to fur- 
nish a basis for laying out the illu- 
- mination in the remainder of the build- 
ing. 
The following were the conditions 
as specified by the electrical engineer 
of the building: 


A uniform horizontal intensitv of 
3.75 foot-candles on the counters ; 

Current consumption not to exceed 
800 watts per ceiling pariel ; 

Fixtures not to exceed ten dollars 
per ceiling panel; 

Maintenance charge not to exceed 
PAG perk Wir: 

Light to be of such a color as to 
properly display the various goods. 

No arc lamps to be used. 

The following were the architec- 
tural conditions: 

Ceiling panels, 21 x 22 feet; 

Ceiling height, 15 feet; 

Pillars 30 inches in diameter ; 

Height of the counters, 32 inches; 

Counters, shelving, etc., mahogany 
finish ; 

Floors covered with dark carpets; 

Voltage available, 113. 

Seven outlets were provided in each 
panel as shown in the diagram Fig. 
1. This arrangement admitted of the 
uses Otel, 25 4,455,0, Onc7 lamps or. fix- 
tures symmetrically placed thus giving 
ample facilities for varying the position 
and number of units. The results 
were to be determined by measure- 
ments throughout; that is, the illu- 
mination was to be measured by an il- 
luminometer, the current consumption 
recorded in the usual manner, and the 
maintenance charges calculated by the 
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FIG. I.—PLAN OF A PORTION OF THE FLOOR, SHOWING POSITION OF OUTLETS, AND LOCATION 
OF ILLUMINOMETER TESTS. 


record of a sufficiently long period of 
use. 

As the client in this case was a 
manufacturer, the illuminating engi- 
neer was further restricted to the use 
of a particular make of lamp and ac- 
cessory. 

Selecting the arrangement of five 
units as the one best suited to produce 
uniformity, calculations were made on 
the basis of “G. E. M.” lamps. fitted 
with Holophane reflectors. In order 
to secure the best possible results a 
special form of reflector was used, il- 
lustrated in Fig. 3. The distribution 
curves of these reflectors with 125 
watt (50 c.p.) and 187 watt (75 c.p.) 
lamps are shown in Fig. 2. 

Five lamps were placed in zich 
panel, the four at the corners of the 
square of 50 c.p., and the one in the 
center 75 c.p. The horizontal inten- 


sity at the counter level in a line be- 
tween the center of adjacent panels 





FIG. 2.—CURVE B, DISTRIBUTION OF I25-wATT 
LAMP AND REFLECTOR. CURVE D, I87- 
WATT LAMP AND REFLECTOR. 


was then calculated, and found to be 
as shown in Fig, 4. 

It will be seen that the illumination 
falls very slightly below the specified 
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FIG. 3.—REFLECTOR AND HOLDER FOR 50 AND 
75 CP: LAMPS, 


amount of 3.75 foot-candles ; but as no 
allowance has been made in these cal- 
culations for reflection from the ceil- 
ing and other objects, nor from the 
light from any other lamps except the 
two adjacent posts, it was believed 
that the actual illumination secured 
would be above the specified intensity. 

iomtOniixturen costs by using’ the 
simplest arrangement for suspending 
the lamp and reflector, as shown in the 
illustration, Fig. 3, this item could be 
brought within the required amount. 

In current consumption, a great 
gain was made over the maximum al- 
lowed by the specification, the amount 
used in this case being 687 watts per 
panel in place of 800. 
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In maintenance charge, however, 
the limit will doubtless be exceeded 
considerably by the use of these lamps. 
This excess, however, will be much 
more than offset by the reduction in 
current consumption. The installa- 
tion was made on these lines and the 
results checked by the use of an illu- 


minometer. The results are as fol- 
lows: 
Station, Foot-Candles. 
I 8.8 
Zz 8.0 
iad cca’ Leet wae Whe 
4 8.8 
SC cs, ere Smo 9 
6 8.1 
7 10.6 
Seen 10.4 
ORE IO Seles OMe ak ers. : 11.4 


As may be imagined, these results 
of actual measurements were both 
satisfactory and unsatisfactory to the 
engineer; they were satisfactory in 
that the intensity of illumination was 
far above the requirements, and pre- 


sumably, therefore, very pleasing to 


the owner; but unsatisfactory in that 
they were so widely at variance with 
the results obtained by calculation. It 
is to be noted, however, that in the cal- 
culations no account was taken of re- 
flection, which proved to be a high 
factor, or of additional light from 
distant lamps. This doubtless accounts 
for a considerable portion of the dis- 
crepancy. 

In the general effect produced as 
to color, distribution, diffusion, etc., 
the heads of the various departments 
expressed themselves as _ highly 
pleased. The item of maintenance 
cost of course cannot be determined 
until the installation has been running 
for sixty days or longer. 











FIG. 4.—CURVE OF HORIZONTAL INTENSITY FROM CALCULATIONS. 
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PHOTOGRAPH OF SECTION OF STORE TAKEN BY DAYLIGHT TO SHOW LOCATION OF LAMPS. 


A test made on the first floor, where 
four six-light chandeliers are used in 
each, panel (see bic 1. )puwitimO. ca): 
lamps surrounded by the ordinary 
ground glass shade, rough inside, 
showed an average of four foot-can- 
dles, with a current consumption of 
about 875 watts. This case was ex- 
ceptional, however, since a number of 


chandeliers in other localities on that 
floor had 8 c.p. lamps, with a corre- 
sponding decrease in illumination. 

On the whole, the problem is inter- 
esting as indicating to what degree of 
accuracy illuminating specifications 
can be drawn, and the limits of error 
within which it may reasonably be ex- 
pected to obtain results. 





IV.—THE LIGHTING, OF A PORTION: OF (MICHIGAN “AVENUES CHICAGO: 


This installation is a fair example 
of a number of recent attempts to se- 
cure a more artistic form of street 1l- 
lumination than is commonly provided 
Dy. the use of therarclamp.. (ihe damp 
-posts and accessories have been de- 
signed with a view to securing a dig- 
nified and ornamental appearance. In 
the original installation clusters of 


lamps were used in each globe, but re- 
cently these were changed on a number 
of the posts to “G. E. M.” high effici- 
ency units. The results of illumino- 
meter measurements’ made at several 
points about lamp posts of each kind 
may be of interest. The following data 
will give an idea of general condi- 
tions : 
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Distance between lamp posts on the same side of the street.......... 
AN GTI OE CLAASSEN Oe a 
Pico meotmccnteiealope: above Sidewalk. ., .....-ccs e+ vec ces tens bac ewe 


Number of globes to each post.. 
Diameter of center globe.. een 
Diameter of surrounding globes. . 
Globes clear glass frosted on the inside, 
Spread of arms on post.. 

Small globes 
12-inch globes contain. 


eMgel 0 66 Leke rel ebrelhe ‘clus: e169 je 0 9) © @ 10! ©) vie 6 vers, 6 55 
. . ee 


. 82 to 90 feet. 


bP) 


9) 


13 
7 
-.b2° inches. 


” 


i» oe24;t022 inches, 


COME ag teeta meets cna hat TENSE. pCa Ok SA CoM coca Me Ge ie NS a two 16 c.p. lamps. 


7 


. five 16) c:p. 


On the posts fitted with “4G. EM.” lamps ‘the center globe contains, 


PSE<-imcns gIObes COMLaim CAC sta... Pea wigs ese 


Illuminometer readings taken with 
the instrument on the sidewalk, which 
‘represents a plane about one foot 
above the street at positions 10 feet 
apart between two posts equipped with 
“G, E. M.” lamps, gave the following 
results: 


Directly underneath. . 4 foot-candle. 
5. feet from posts. . Cosme Ki 
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Between posts fitted with the clus- 
ters the following results were ob- 
tained : 
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In the middle of the street the in- 
tensity measured .2 foot-candle. The 
minimum illumination is, therefore, 
practically .1 foot-candle. This inten- 
sity enables the time to be read on the 
face of a watch with ease, and the 
print of an ordinary card also. It will 
be seen that the illumination of the 
two arrangements of lamps is practi- 
cally the same. 

ane wlamp., posts siitted.. with “G. 
E. M.” lamps were consuming 937 
watts, and those fitted with the clus- 
ters, assuming 3.5 watt lamps to be 
used, 952 watts. The advantage of 
the higher efficiency lamps in this case 
should have shown an increased illu- 


is practically equal. 


one 187 watt .75.¢p.)- lamp. 
..one 125 watt (50 c.p.) lamp. 


mination, as the wattage consumption 
The absorption 
by globes and interference of the light 
of one globe with another apparently 
reduces the entire illumination to such 
an extent as to render this: increase 
imperceptible. 

ihe quantity. of: current “used is 
nearly sufficient to maintain two en- 
closed arc lamps, which, even though 
fitted with diffusing globes, would 
give a considerably greater intensity 
of illumination than the incandescent 
lamp. Owing to the fact that an arc 
lamp is always suspended from an 
overhead fixture, and also that the 
larger part of the light emitted 1s at 
angles which readily reaches the pave- 


ment, practically all of the light trans- 


mitted by the globe is effective in pro- 
ducing illumination; whereas with the 
incandescent lamps as installed con- 
siderably over one-half of the light 
generated is entirely lost by being 
thrown into space above the pavement, 
and a very considerable amount of the 
remaining portion is lost by interfer- 
ence from the cluster of the globes, ° 


supporting arms of the lamp posts, 


and the frosted glass. Thus, while the 
are lamp as commonly used is at its 
best in similar installations, the incan- 
descent lamp is at its worst. It is, 
therefore, unlikely that incandescent 
street lighting will make much prog- 
ress against arc lighting except where 
the decorative effect is paramount, un- 
til more efficient devices are construc- 
ted. 
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PHOTOGRAPH OF ART STORE TAKEN BY MOORE LIGHT. 


The Moore “Vacuum Tube” 


“Three-tenths of one per cent. of 
the energy consumed is converted into 
light.” The first time that I saw this 
statement it struck me like a blow over 
the solar plexus. Here, said I to my- 
self, is the way pointing toward the 
richest undiscovered territory of sci- 
etice in existence-at the presentstine: 
I will henceforth devote my energies 
to an exploration of this field. This 
was over twelve years ago, and it is 
only within the last six months that 
I have secured results which may be 
considered a practical opening up of 
this undiscovered country in which I 
have been prospecting.” It was thus 
that Mr. D. McFarlan Moore pre- 
faced his remarks concerning the sys- 
tem of lighting which has been known 
by his name for the past decade. 

Mr. Moore is a typical example of 
the scientific investigator. So. im- 
pressed is he with the importance of 


Light 

the work in hand, and so confident of 
ultimate success, and so enthusiastic 
in pursuit of the coveted knowledge, 
that the most stubborn “doubting 
Thomas” cannot escape being infected 
by his buoyancy. His excess of enthu- 
siasm has perhaps in some cases been 
a detriment, for it is easy for the un- 
initiated to mistake a sincere interest 
and enthusiasm for mere vagaries of 
an inventor or vaporings of a charla- 
tan. With such natures the wish is 
often father to the thought, and they 
are thus led to promise results before 
they are able to accomplish them; and 
to the general public “hope deferred 
maketh the heart sick.’ Many will 
recollect that Edison announced the 
successful solution of incandescent 
electric lighting several years before 
he was able to actually produce the 
results, which resulted in more or less 
public ridicule and censure; and the 
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same has been true to a greater or 
less extent of the previous work of 
Moore. There is every evidence at 
the present time, however, that he has 
accomplished practical commercial 
results which are of the highest im- 
portance in the field of light produc- 
tion. 

The nature of the Moore light is 
rather inaccurately expressed in the 
appelation of “Vacuum Tube Light- 
ing.” Strictly speaking, a vacuum is 
a space void of all ponderable matter, 
and the tubes which are used in the 
Moore light contain small quantities 
of matter in the gaseous state. The 
basic principle of the Moore light is 
defined in the most elementary books 
on electricity, wherein it is stated that 
air of the ordinary density, that is, 
under the ordinary atmospheric pres- 
sure, 1S a non-conductor of electric 
_ currents, but if the density be reduced 
to a sufficient degree, the resistance 
is reduced to such an extent that it 
may be considered a conductor. The 
passage of an electric current through 
a rarefied gas causes it to glow. The 
old familiar apparatus known as the 
Crookes’ tube exemplifies these facts. 

The Moore light of the present time 
is simply a glass tube of convenient 
diameter and of any desired iength, 
having electrical conductors hermeti- 
cally sealed into the opposite ends and 
the air within exhausted to such a de- 
gree as to bring it to the point of con- 
ductivity for electric currents of avail- 
able pressure. The passage of the 
current raises the rarefied gases to a 
state of incandescence. Any one wish- 
ing to produce a Moore light on a 
small scale can do so by finding a 
discarded incandescent electric lamp 
from which the air has been improp- 
erly exhausted, and passing the dis- 
charge from a spark coil through it. 
The beautiful natural phenomenon 
commonly known as “Northern 
Lights” is supposed to be due to the 
same conditions as exist in the Moore 
light; and so, following the rhetorical 
expressions so often used in describ- 
ing Franklin’s classical experiments 
with kite and keys, in which he is said 


to have “harnessed the lightning,’ we 
might say that Moore has bottled the 
aurora borealis, an expression which, 
if less dignified, is much more accu- 
rate, scientifically speaking. 

But the layman will naturally ask, 
“why should a matter so simple and 
so well known have remained so long 
unused?” This question invariably 
arises on the perfection of every dis- 
covery of importance. Only those 
who have had experience realize that 
the difficulty of perfecting a discovery 
is directly proportional to its sim- 
plicity. Any bungler can devise com- 
plications, but it takes a genius to 
replace them with simplicity. What is 
simpler than the incandescent electric 
lamp? and yet its practical produc- 
tion was justly held as a triumph of 
inventive genius. So with the vacuum 
tube light; looking at it in its present 
degree of perfection, its absolute sim- 
plicity is its most astonishing feature. 
Nevertheless, it is the result of more 
than ten years of continuous and well 
directed effort. 

Without reviewing in detail the va- 
rious steps in the evolution of this new 
light-source, we may consider it in its 
present commercial form. As before 
stated, it consists essentially of a glass 
tube having electrodes at opposite 
ends and containing ordinary air high- 
ly rarefied. With the continuous pas- 
sage of an electric current, however, 
the air becomes gradually more rarefied 
on account of electrolitic action of the 
gases in contact with the electrodes. 
This increases the rarefaction, and as is 
well known, beyond a certain density 
any further rarefaction increases the 
electrical resistance. Provision must, 
therefore, be made for maintaining 
this resistance at a practically uni- 
form point, in other words, of admit- 
ting air to the tube in extremely minute 
quantities and at regular intervals so 
as to- maintain a constant pressure of 
the enclosed air. This is really the 
crux of the whole matter. To accom- 
plish this Mr. Moore has invented a 
check valve which is practically fric- 
tionless and indestructible and so deli- 
cate in operation as to be sensitive to 
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a difference in pressure of one forty- 
thousandth of an atmosphere. This 
statement sounds like a perpetual mo- 
tion inventor’s formula, but a glance 
at the mechanism shown in the dia- 
gram will at once convince the reader 
that these seemingly impossible con- 
ditions have been accomplished. 
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FIG, I.—VACUUM REGULATOR OF MOORE LIGHT. 


The regulating apparatus is connec- 
ted ‘at 6 with the vacum=tube: jis 4 
cone of carbon or other slightly porous 
material tightly joined to the tube 6. 
Around this is an annular space filled 
with mercury, zr. Into this annular 
space is dropped a glass tube ro. By 
properly adjusting the quantity of mer- 
cury, the tube or displacer so will 
cause the mercury to completely cover 
the cone or leave the tip bare, actord- 
ing as it is raised or lowered in the 
mercury. If the tip is left bare a min- 
ute quantity of air will filter through 
the porous carbon and so enter the 
light tube, but once the cone is covered 
with mercury again the air is perfectly 


excluded. The only iriction@ingitte 
operation, therefore, is that of the glass 
tube in contact with the liquid mer- 
cury, which may be considered nil. 
The regulation is effected by connect- 
ing the displacer ro to the core of a 
solenoid, the solenoid being connec- 
ted in series, or in any other effective 
way with the current used to generate 
light, and so arranged that any de- 
crease in resistance will cause a lower- 
ing of the mercury and a consequent 
laying bare of the carbon cone, thus 
admitting air to the tube which will 
restore again the normal resistance. 
The slight movement required to per- 
form this regulation is the only move- 
ment in the entire- apparatus. Mr. 
Moore’s claim that the apparatus is 
practically indestructible is therefore 
within the bounds of truth. The only 
other apparatus required is a small 
transformer to produce a sufficiently 
high electromotive force to pass the 
current through the necessary length 
of tube. This may be installed at any 
convenient point, but is usually placed 
at the ends of the glass tubes. 

In installing the lighting system, the 
tubes, which come in lengths of six to 
eight ' feet, “must. “bee hermetically 
joined, and exhausted to the proper de- 
gree, an operation which, though sim- 
ple in the stating, is far from easy of 
accomplishment by ordinary means; 
and one of the problems to be solved 
was the construction of necessary ap- 
paratus for performing these opera- 
tions. This has been accomplished to 
a very satisfactory degree. 

For all ordinary purposes of illu- 
mination common air produces a light 
of acceptable color, being of a warm 
and mellow hue with a slightly rose- 
colored tint, the predominant color be- 
ing that of the spectrum of incandes- 
cent nitrogen. If light of sunlight 
color is essential it is readily produced 
by the introduction of small quantities 
of other permanent gases which will 
supply the additional rays. Such light 
is, however, less efficient for the very 
simple reason that the eye is less sen- 
sitive to these additional rays and con- 
sequently they must be added in com- 
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FIG. 2.—PHOTOGRAPH OF STORE TAKEN BY LIGHT OF ELECTRIC LAMPS. 


paratively greater quantity to produce 
the visual effect. 

One of the chief advantages of the 
Moore light is its low intrinsic bril- 
liancy. In this respect it stands alone 
among modern light-sources, except- 
ing only the mercury arc, whose color 
practically excludes it from general 
use. The entire tendency for the past 
ten years has been toward the produc- 
tion of light-sources of higher intrinsic 
brilltaney, ethe electric arc) being the 
limit thus far. No better proof of the 
low intrinsic brilliancy and consequent 
freedom from glare of the Moore light 
can be given than the effects produced 
upon the ordinary photographic plate. 
dine rilustration Bio 2," is ‘from. a 
photograph taken by the light of a 
number of incandescent electric lamps. 
Pie tamiliar halation’ is the exact 
photographic counterpart of the glare 
produced when such lights are seen by 
the eye. Fig. 3 is the same room taken 
from the opposite end by the light 
emitted by the Moore vacuum tubes; 
the practically total absence of all hala- 


tion (glare), is readily apparent, while 
the remarkable clearness of detail of 
the entire picture is an equally exact 
indication of the distinctness of the 
visual impression which would be pro- 
duced. Without question this is the 
closest approximation to sunshine ad- 
mitted through a skylight that has ever 
been produced. 

The illustration given on the front 
cover is exceedingly interesting as 
a study in evolution. Through the 
center of the room there are still in 
place the old-fashioned gas chandeliers, 
using a number of flat flames arranged 
around the ring under the opal reflec- 
tor. This device may be considered 
the highest degree of perfection of gas 
flame illumination. On either side are 
arc lamps, which fairly represent the 
next step in the evolutionary process. 
With these an abundance of light 
would be produced, but glaring and 
unsteady. Last, the vacuum tube 
light, reproducing the exact visual ef- 
fect of daylight, perfectly steady, and 
without perceptible glare. 
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FIG, 3.—PHOTOGRAPH OF STORE SHOWN IN FIG, 2, TAKEN FROM THE OPPOSITE ENDBY-LIGHO 
OF MOORE TUBES. 


The excellent portrait of Mr. Moore 
was taken by means of his light, and 
shows still further its remarkable day- 
light qualities. 

In point of absolute efficiency this 
form of light lies between the ordi- 
nary incandescent lamp of the present 
time and the luminous are lamp, which 
represent the highest efficiency yet ob- 
tained in the production of light, being 
about I watt per mean spherical can- 
dle. For a majority of cases of inte- 
rior lighting the luminous arc is out 
of the question, and the vacuum tube 
light may therefore be considered the 
most efficient source of any available 
for this purpose. 

An item which is no less important 
than actual efficiency is that of main- 
tenance. Mr. Moore says that his light 
once sinstalledi.. willailast. forever, 
“Forever” is a long time; but it is diffi- 
cult to see why his light as at present 
constructed should not under ordinary 
conditions last a lifetime. Glass is 


probably the nearest to being inde- 
structible of any substance made by 
man, and the accessory apparatus used 
is so simple, and friction plays so lit- 
tle part in its operation, that it must in 
the nature of things be good for many 
years of service. Moreover, the first 
cost of installation is comparatively 
small. Mr. Moore states that he has 
installations of his present form of 
light that have been in constant opera- 
tion for eleven months without appar- 
ent change or wear of any kind. 

Should this form of light fulfill the 
expectations which may reasonably be 
deduced from its present performance, 
the question of illuminating engineer- 
ing will be vastly simplified. To use 
Mr. Moore’s . striking expression, 
“Lighting will simply be a matter of 
glass plumbing.” 

In conclusion, the prophesy may be 
made in all confidence that the light 
of the future will emanate from incan- 
descent gases. 
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Glass Fixtures in Art Nouveau Designs 


In commenting upon the latest 
school of decorative art, to which the 
name Art Nouveau has been applied, 
the opinion was expressed in an arti- 
cle in the April issue of THE ILLuU- 
MINATING ENGINEER that the elemen- 
tary principles of this school were 
right, and that much was to be ex- 
pected from developments along this 
line. Such development has taken 
place to afar (ereater extent in Eu- 
rope than in America; and very suc- 
cessful examples of it are to be found 
in decorations applied to wall paper, 
house furnishings, jewelry, book cov- 
ers, etc. Among house furnishings 
may be included lighting fixtures of 
various kinds. Table lamps of such 
design have found their way to a con- 
siderable extent into the American 
market, but thus far the various types 
of chandeliers, wall brackets, and 


other fixtures, have scarcely been in- 
troduced at all. 

It was recognized a long time ago, 
that glass is a particularly suitable ma- 
terial for ornamentation, and to a large 
degree also, the construction of light- 
ing fixtures, and many examples of the 
periods of the Louises in France have 
scarcely been surpassed in_ recent 
times; in fact, practically all similar 
fixtures since have been mere imita- 
tions of these old designs. The great 
progress that has been made in glass 
manufacture since that period permits 
the construction of designs at the pres- 
ent time far surpassing in beauty any- 
thing that was then possible, and it is 
pleasing to note that the possibilities 
of the art noveau school have been 
realized by artisans in glass. 

As stated in the article above re- 
ferred to, the basis of this school of 
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art is the simulation of the beauti- 
ful forms and curves to be found in na- 
ture, without stripping them of their 
natural grace by reducing them to con- 
ventionalities. Both the animal and 
vegetable kingdom are drawn upon for 
models. 

In Fig. 1 are shown designs sug- 
gested by the moth, its outstretched 
wings serving as a shade, a glass globe 
representing the body, while the an- 
tennz are utilized as support for either 
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worthy of notice that the gas fixture 
is quite as graceful and pleasing as the 
electric. 

Fig. 2 shows two combination fix- 
tures, one of them notable on account . 
of utilizing the inverted incandescent 
gas burner. The construction of a 
combination fixture is a far more diffi- 
cult problem from the artistic stand- 
point than of a single light fixture; 
and it will be seen by the illustration 
that the difficulties have been very suc- 





BIG. 


Welsbach gas lamps or incandescent 
electrics, as may be required. What 
more appropriate theme for a fixture 
than the moth, which is the very em- 
blem of the lover of light? 

Fig. 2 shows a design based upon 
the forms of water lillies. The curves 
are exceedingly graceful, and the sim- 
ulation sufficiently close to at once sug- 
gest the motif. The designs shown are 
for gas and electric, and it is specially 


cesstullyomet inthis) case: = [hesun: 
right gas burners shown in the right- 
hand figure, however, show the brass 
part of the burner below, which is ob- 
jectiontble. This defect could be eas- 
ily remedied by suspending bead 
fringe around the shade holder of the 
burner. 

Tig. 4 shows the working out of two 
different themes into very graceful 
electric designs. Bare lamps are 
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FIG. 6. 


shown in use on these fixtures. From 
a decorative point of view they are less 
objectionable in these cases than on 
metal fixtures, since the filament of the 
lamp suggests the stamens in the flow- 
ers; this, however is hardly sufficient 
justification for their use and frosted 
lamps would be preferable. 

Fig. 5: shows this school of art ap- 
plied to single and two-light fixtures— 
a class of fixture which is extremely 
difficult to treat satisfactorily from a 
decorative point of view in metal. 

Glass construction is by no means 
limited to chandeliers. In Fig. 6 is 
shown a number of side brackets which 
need no special description. 

The possibilities of ornamentation 
in glass are almost limitless in the 
present advanced state of the art. It 
is hardly likely, however, that this con- 
struction will be produced in America, 


at least for some time to come. The 
European, especially the Bohemian 
glass worker, has the advantage of 
life-long training and vastly cheaper 
living; in fact, he has the great ad- 
vantage which Holmes said was nec- 
essary for any genius, namely, that of 
having a grandfather that was also an 
artist. The most skilful Bohemian 
decorator makes about 75c. a day, on 
which he lives very snugly and con- 
tentedly, and in most cases apparently 
with far greater enjoyment than the 
American worker on five or ten times 
the amount. Even the present rate of 
duty, therefore, is not likely to foster 
any considerable industry in this line 
in this country. 

The illustrations in this article were 
obtained through the courtesy of the 
Edward E. Cary Company, Importers, 
61 Park place, New York. 
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THE ATLANTIC; CITY CONVEN- 
TION 


The Twenty-ninth Convention of the 
National Electric Light Association is 
now a matter of history, which will 
be duly recorded in the published pro- 
ceedings. 

Such gatherings have two quite dis- 
tinct aims—one looking toward the 
material prosperity of the interests in- 
volved, the other at purely social ends. 
The remark is often made that friend- 
ship has no part in business; the state- 
tment is an error. It is as impossible 
‘to eliminate the personal element from 
‘business transactions as it would be 
to eliminate the laws of supply and de- 
mand. Even the general tendency to 
conduct business under corporate man- 
agement, which is notoriously soulless, 
will never result in the suppression of 
personal influence. The politician un- 
derstands the advantage of making 
himself seen by those whose votes he 
seeks ; and the successful business get- 
ter must be built on much the same 
lines as the successful politician. A 
personal interview of five minutes will 
usually produce more of an impression 
than hundreds of pages of correspon- 
dence or printed circulars. 

The gathering of the various clans 
in conventions and association meet- 
ing, therefore, has a purpose and sig- 
nificance far beyond the mere coming 


together to listen to set papers. The 
conditions are usually most favorable 
to the growth of mutual good will and 
fair understanding. The strict rou- 
tine of duties is relaxed; the artificial 
restraints and social distinctions be- 
tween employer and employee, sales- 
man and buyer, are laid aside, and 
there is every opportunity for a true 
“meeting of minds,” which the legal 
profession assures us is the very es- 
sence of all bargains and contracts. 

In this respect the Atlantic City Con- 
vention must be counted a thorough 
success. The location afforded an en- 
tire change of scene to practically all 
present; the weather was propitious, 
and the season of the year that in 
which “the young man’s fancy lightly 
turns,” instead of lumbering heavily 
along the ruts of every-day affairs. 

All of the papers presented showed 
much careful thought and study in 
their preparation; and while no new 
ideas or discoveries of epoch-making 
importance were brought forth, the 
papers will furnish a substantial addi- 
tion to the general information on the 
various subjects treated. Four of the 
papers presented were of particular in- 
terest to illuminating engineers, name- 
lycoy si Lhe Blaming, {Carbone nce 
Lamp,” by Mr. L. B. Marks, presi- 
dent of the Illuminating Engineering 
Society; “The Mercury AreeRectiier 
System with Magnetite Lamps for 
Street: Ulumination;” .by W. S.Bar 
stow ; “Higher Efficiency Incandescent 
Lamps; Their Value and” Effects on 
Central Station Service,’ by Francis 
W. Wilcox, and “New Illuminants,” 
by Prof. H. E. Clifford. All of these 
papers wil! be found printed wholly or 
in abstract in another section of this 
issue. 

There is one point for criticism in 
the general proceedings, and that is the 
lack of opportunity for discussing the 
papers presented. The discussion of 
a paper is often of as great value, 
sometimes even greater, than the paper 
itself, and to miss the opportunity af- 
forded by a gathering of this kind is 
a most unfortunate circumstance. The 
papers presented are printed and cir- 
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culated before the time set for their 
reading, and it is presumed that every- 
one present is familiar with their con- 
tents. It seems, therefore, a useless 
formality to have the paper read in full 
before the meeting. The presentation 
of the papers is not in the nature of 
an oratorical contest, but is intended to 
impart information and afford an op- 
portunity for discussion. Instead of 
attempting to read the papers through, 
why should not the author run over 
the subject, making comments of his 
own on various points, and leave the 
remainder of the time for listening to 
the opinions and experience of others. 
It cannot be expected that those pre- 
senting the papers will be professional 
readers ; in many cases it is impossible, 
except for those in the immediate vi- 
cinity, even to follow their words; 
in fact, very few even attempt to, but 
simply read the paper as it is being pre- 
sented. Furthermore, even the most 
eloquent reader would find it a dreary 
task to read to an audience a scientific 
paper with which they were already 
familiar and who were taking the 
words out of his mouth before they 
are..spoken. The practice of pre- 
senting papers by reading is a worse 
than useless formality, and some way 
should be devised to dispense with it. 
The same criticism applies to the Ilu- 
minating Engineering Society, and, in 
fact, all other similar societies in 
which the papers are published before 
being presented. 

Undoubtedly the most important 
question before the Convention was 
the problem of how best to meet the 
apparently rising tide of public interest 
in municipal ownership and rate legis- 
lation as applied to public service cor- 
porations. The paper’ dealing speci- 
fically with this problem, prepared by 
Mr. Everett W. Burdett, was a mas- 
terly treatment of the subject from the 
Corporation point of view, and justly 
deserved the high measure of praise 
that was accorded to it. The attitude 
of the Convention on this subject may 
be summed up by the now common 
expression of “giving the people a 
square deal.” Rates based upon a 


‘eral tenor of the 


reasonable and fair remuneration to 
the corporations, a service seeking to 
give patrons the best possible returns 
for their money, and the introduction 
of approved devices for securing 
economies to the consumer as well as 
to the producer, characterized the gen- 
discussion. To 
what extent this was a case of “mak- 
ing a virtue of necessity,” we should 
not like to say; there are many others 
besides the devil who should have 
their due. | 

To give the matter another form of 
expression, illuminating engineering is 
to be given more consideration as a 
most valuable adjunct to sound finan- 
cial engineering. Business keeping 
must be looked after as carefully as 
business getting ; and the only way of 
accomplishing this is to keep the cus- 
tomer satisfied. 





THE RATING OF LIGHT SOURCES 

This seemingly interminable ques- 
tion is again brought to the fore by 
the advent of new sources, and modifi- 
cations of old ones, and is suggested 
in particular by Mr. Wilcox’s paper 
on Higher Efficiency Incandescent 
Lamps. The method of rating an in- 
candescent lamp by its mean horizon- 
tal intensity has been assailed by 
photometricians ever since it has been 
in practice, and has been admitted 
to be illogical at one time or another 
by practically the whole lighting fra- 
ternity. It is not surprising, there- 
fore, to find other methods brought 
forward to take its place; but to sub- 
stitute for a measurement which is ex- 
pressed in terms of luminous inten- 
sity a measurement which does not 
consider intensity at all is certainly 
not a step in advance. To rate a lamp 
by the watts which it consumes can 
be justified neither on the score of 
accuracy nor practicability. What 
would be thought of a steam engine 
manufacturer who should rate the 
power of his engine by the amount 
of coal burned? And yet such a rat- 
ing would be every whit as reasonable 
as to arate any clectric, lamp by the 
watts of current consumed. 
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The method of rating higher eff- 
ciency lamps based upon this method 
is self-contradictory. Thus, an exam- 
ple is given of a lamp rated at 50 
Watiseand, 112, .1IG, candy 2Oo.yOlts. 
How can a lamp be a 50-watt lamp 
on all three of these voltages? It is 
simply an absurdity. Mr. Wilcox 
states that ‘“‘candle-power values are 
not given on the tables, as they have 
become confusing, due to the use of 
the term in so many varied ways.” 
It is true that candle-power is an in- 
definite and ambiguous term, but in 
the present state of photometry, it is 
the only unit that is familiar to the 
public, and dropping it altogether 1s 
not likely to make: ity better under- 
stood. A single qualifying word 1s 
sufficient to make the term perfectly 
definite. Mean spherical candle- 
power, readily abbreviated to M. 5S. 
C. P., is a perfectly definite quantity, 
and is the only photometric quantity 
with which it is possible to express 
the absolute efficiency of a_ light- 
source. The only data which gives 
positive information to the customer 
are the mean spherical candle-power, 
which is equivalent to the total amount 
of light emitted, and the watts con- 
sumed, at a given voltage or voltages ; 
and this information is not so elabo- 
rate as to.prevent its being placed 
upon an ordinary size label, even 
where three different voltages are to 
be used. Where accessories, such as 
reflectors or globes, are to be used 
the distribution curve and mean 
lower hemispherical efficiencies should 
be given, so that the illuminating en- 
gineer or user can have them as a 
basis for their intelligent selection and 
use in any given installation. 

The fact that the old-fashioned flame 
gas burners are generally rated by the 
cubic feet of gas they burn is no ex- 
cuse for the electric lamp maker to 
dodge an exact marking of his lamps. 
The rating of gas burners in this way 
is as faulty as the rating of electric 
lamps by wattage; the one fault does 
not correct the other. The rating of 
lamps by reflected rays, either directly 
or by inference, should likewise be re- 


jected, as it affords wide opportunities 
tor deception. 

We repeat: there is but one indis- 
putable and scientific method of rating 
light-sources, and that is by the total 
quantity of light emitted. This quan- 
tity, compared with the quantity of il- 
luminant used, gives the absolute effi- 
ciency. 

In the case of the new forms of arc- 
lamps also, the tendency seems to be 
to dodge the issue and throw the whole 
subject into greater confusion rather 
than to take advantage of the oppor- 
tunity to establish a sane and uniform 
practice. Thus, in his paper on “The 
Magnetite Arc Lamp,’ Mr. Barstow 
says: 

“In the use of the magnetite system a 
commercial question arises which, after 
very careful consideration, should be defi- 
nitely answered before the system is adopt- 
ed to any great extent. I refer to the speci- 
fications used in the present public lighting 
contracts. About fifteen years ago consid- 
erable thought was given to the subject by 
this association, resulting in a campaign of 
public education which produced the proper 
result at that time of rating street arc 
lamps by the ‘watts in the arc’ and drop- 


ping out of contracts the terms ‘normal 
candle-power.’ 

“The question * * * under what specifi- 
cations the illumination should be furnished 
is a broad one and is a matter that should 
be carefully considered at this time, so that 
the introduction of this new system shall 
be accompanied by a proper standard form 
of specifications.” 


Whether the public education which 
resulted in the rating of an arc lamp 
by the “watts in the arc,” in place of 
“normal candle-power” may be con- 
sidered a “proper result” is open to 
serious doubt. True, “normal can- 
dle-power” was a term which was 
flagrantly misused, as was well ex- 


pressed in the now classical joke of the 


engineer who explained that 2,000 
normal candle-power was one which 
threw 500 candle-power down each 
of the four parts of intersecting 
streets. The use of the word “nor- 
mal” in this connection was an exag- 
gerated case of a contradiction in 
terms; if the term had been written 
abnormal candle-power it would have 
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come much nearer expressing the 
truth. 

Fixing the price of public lighting 
by watts in the arc is a method of jug- 
gling scientific terms for which there 
is absolutely no warrant at the present 
time. What the public want, and what 
they are supposed to pay for, is illu- 
mination; and there is no reason in 
theory why the amount they pay 
should not be based absolutely upon 
the illumination obtained. Illumina- 
tion upon a defined plane, which may 
be either the street, the sidewalk, or a 
plane at any height above these, is a 
quantity susceptible to comparatively 
easy and accurate determination; and 
the specification of either an average, 
or a minimum illumination on such a 
plane could be readily specified and the 
results obtained checked up. 





STREET LIGHTING BY INCAN- 
DESCENT LAMPS 


This method of street lighting is at- 
tracting a considerable amount of at- 
tention at the present time, as is shown 
by the information treated of in the 
paper on the subject presented before 
the Illuminating Engineering Society 
by Messrs. Underwood and Lansingh, 
and the various installations that are 
being placed in different parts of the 
country. This tendency is a belated 
acknowledgement of the literally 
“glaring” defects of the arc lamp for 
most purposes of street lighting, and 
the corresponding advantages of the 
incandescent lamp. 

In the various cases cited in Messrs. 
Underwood and Lansingh’s paper this 
method of illumination does not seem 
to be considered seriously by the cities 
using it, but to have been placed rather 
as an attractive form of street decora- 
sion, the question of illumination be- 
ing secondary. That this purpose has 
been accomplished is evident from the 
illustrations shown. It would be un- 
fortunate, however, to have this. view 
of incandescent street illumination ob- 
tain a general acceptance among those 
in charge of municipal lighting. In 


actual fact the method has many 
points of superiority over illumination 
by arc lamps, especially since the ad- 
vent of incandescent lamps of much 
higher practical efficiencies than have 
heretofore been obtainable—a matter 
which was fully set forth in Mr. Wil- 
cOX’S paper presented at the same 
meeting. 

In the use of incandescent lamps the 
question of the fixture or support for 
the lamp is of as great importance as 
in the case of interior lighting; and it 
is in this regard that the installations 
discussed in the paper referred to are 
open to the most severe criticism. The 
illuminating engineer has justly in- 
veighed against the prevailing absurdi- 
ties of fixtures designed for interior 
lighting, but it would be difficult to 
find a more aggravated example of 
faulty design and construction of fix- 
ture than is embodied in the lamp posts 
designed for street illumination. 

In the first place, they all hold the 
lamp in an upright position, and in 
most cases have a large, supposedly 
ornamental support underneath, thus 
intercepting a considerable portion of 
the light that is most needed to illu- 
minate the.pavement. In the second 
place, the lamps, instead of being dis- 
tributed singly along the pavement, 
are bunched together in clusters on 
the standards, thus absolutely nullify- 
ing the great advantage possessed by 
incandescent lamps, namely, ability to 
divide the light up into any desired 
number of small units distributed at 
will. Third, by arranging several 
lamps, fitted with comparatively large 
diffusing globes, upon the post, a 
large amount of the light of any civen 
lamp is intercepted by the others in the 
cluster and thus wasted. At the least 
calculation three-fourths of the light 
produced is completely lost so far as 
any useful purpose is concerned, bv 
the fixtures shown. As.a consequence, 
the efficiency of the illumination is 
ridiculously low: in fact, it would be 
dificult to produce an illumination 
with a greater waste of light and cur- 
rent than by the methods described. 
The same amount of current would 
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distribute arc lamps so thickly along 
the street as to light them beyond all 
necessity and reason. 

Such useless extravagance is a men- 
ace to the advancement of improved 
methods of street illumination, and 
central stations will do well to strive 
to counteract it. The entire fault may 
be laid to the door of the designer. 
If the artistic ability of these design- 
ers equalled their ignorance of the 
subject of illumination, their designs 
would surpass anything that the world 
has ever seen. But it is not to be 
assumed on the other hand that effi- 
cient lighting must of necessity be 
ugly. All that is required is for the 
designer to have some instruction in 
the simplest principles of illuminating 
engineering, or for the illuminating 
engineer to have a supervising au- 
thority over the designer. 

From the true artistic standpoint 
the designs used must be considered 
absolute failures, since they defeat the 
prime purpose for which they were in- 
tended, which is to support lamps for 
illuminating streets. There is no pos- 
sible reason why a fixture designed to 
secure the highest possible results 
from the lamps used should not be at 
the same time as artistic as the limits 
of cost will permit. As to cost, the 
amount wasted in current on the pres- 
ent fixtures would pay the interest on 
a bronze statue for each lamp post. 
A system thus designed could success- 
fully compete in efficiency with the 
best of arc systems producing anything 
like equal results, and would have the 
great advantage of being free from 
glare, having less dense shadows, and 
a more nearly uniform intensity. 

The matter of accessories in the way 
of globes or reflectors is also one 
which demands consideration from an 
illuminating engineering standpoint, as 
well as from the decorative. The use 
of opalesced or frosted globes is 
scarcely justifiable under ordinary con- 
ditions, as it reduces actual efficiency, 
as well as the life of the lamp, and does 
not improve in any way the distribu- 
tion of light. A.reflector of some suit- 
able material designed so as to aid to 


the largest extent in properly distribu- 
ting the light of the lamp, is the logi- 
cal accessory to use. 


COLOR OF LIGHT AS A FACTOR 
IN EFFICIENCY 


The commercial advent of the lu- 
minous arc lamp, with its approxi- 
mately monochromatic light, and the 
apparently successful production of the 
vacuum tube light, which also differs 
in color value from the more familiar 
light-sources, has brought prominent- 
ly to attention the relation between 
color and efficiency. To a question 
as to the possibility of securing a light 
of daylight quality from his vacuum 
tube system, Mr. Moore replied very 
pertinently, “that if illuminating en- 
gineers would decide upon a standard 
spectrum for illumination, he would 
produce it; but if so-called white light 
were demanded, the efficiency would 
naturally be reduced, for the reason 
that the ultimate measurement of light 
made by the eye is of such a nature 
that the vellow rays have a much 
higher value than those of any other 
color; or in other words, if an equal 
visual impression is to be produced 
by the other colored rays considerably 
more energy must be put into them.” 
The same thing applies to the lu- 
minous arc lamp; it is an easy enough 
matter to produce carbons which will 
give practically daylight values, but 
the efficiency is thereby cut in half. 
This is a physiological necessity from 
which there is absolutely no escape. 
For every purpose therefore in which 
distinctions of color are not of prime 
importance, light of a distinctly yellow- 
ish color is likely to be the dominant 
artificial light for a long time to come. 
That a light of this color produces an 
effect that is agreeable to the eyes is a 
further point in its favor. Artificial 
light-sources of a blue or greenish cast 
are therefore not likely to achieve a 
position of practical importance, both 
from lack of efficiency, and unsatis- 
factory physiological and visual ef- 
TeCt: 
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THE NEED FOR THE ILLUMINA- 
TING ENGINEER 


We published in the May issue an 
abstract of Mr. Leon Gaster’s article 
in the Electrical Magazine setting 
forth the need for the illuminating en- 
gineer. In the conclusion of the arti- 
cle, which appears in the May num- 
ber of the Electrical Magazine, Mr. 
Gaster goes still further in his sug- 
gestions and points out the many ad- 
vantages that would be derived from 
creating an “‘Institution’—that is, a 
permanent home for an illuminating 
engineering society, where facilities 
for exhibiting various luminants and 
illuminating appliances could be car- 
ried out. 

It will interest our foreign readers, 
at least, to learn that a magnificent 
building is being erected in New York 
to house the various scientific societies, 
and that, when the plans were being 
worked out, an illuminating engineer, 
who is a prominent member of one of 
the largest of the societies to be domi- 
ciled in the new building, suggested 
the propriety of having the illumina- 
tion laid out in accordance with engi- 
neering principles, and offered his 
own services for that purpose. The 
matter was considered by the direc- 
tors, who decided that the services of 
an illuminating engineer were entirely 
superfluous. Nevertheless. we would 
respectfully submit Mr. Gaster’s sug- 
gestions to the special consideration of 
the aforesaid directors in particular, 
and to our readers in general. 

From what has been said before, I would 
venture to suggest that the time is ripe to 
inaugurate a similar illuminating society in 
this country. The merits of the different 
illuminants could then be properly studied 
and the useful application be defined for 
each of them. An “Institution” could af- 
terwards be created, in which all the dif- 
ferent illuminants would have a fair chance 
of being shown under the best conditions 
and their relative merits properly gauged. 
A permanent exhibition would thereby be 
formed which, to my mind, would be of 
great benefit to consumers, and of exceed- 
ingly important educational value to the 


future illuminating engineer. For the 
present he has not enough opportunity of 


being educated to become such an expert, 
and this will then be afforded to him 
through lectures by the best professors and 
known experts, familiar with the different 
illuminants. He would then know not only 
one of the illuminants, as is mostly the case 
at present, but would become perfectly con- 
versant with the merits and faults of all, so 
that he could conscientiously and properly 
advise his clients as to the actual merits 
of the different illuminants for the differ- 
ent purposes in view. 

Without wishing to dictate any course 
of action, I should think that a powerful 
body such as the London County Council, 
for example, may in time see its way to 
grant a fund for the building and mainte- 
nance of such a permanent home for the 
different illuminants. The many local au- 
thorities which are owners of gas and elec- 
tric plant will be only too glad to know 
how they can reasonably utilize the differ- 
ent lighting commodities to the best ad- 
vantage of the rate-payers. We have an 
example in the street lighting question, in 
which the differences of opinion are so 
great that one feels the necessity of some 
central authority to advise on these mat- 
ters, and to settle what is best adapted for 
the different kinds of streets in towns. 
London may reasonably become the leader. 

The technical side, however, viz., the 
close investigation of the relative value of 
the different illuminants as regards can- 
dle-power given out, the consumption of 
energy, electric, gas; ete, and other such 
questions, can be conveniently undertaken 
and settled by the National Physical Labo- 
ratory, the work being done for the benefit 
of the public. The practical application of 
the different illuminants could then be con- 
stantly demonstrated at the future illumi- 
nating Institution which I am _ picturing, 
conducted by properly qualified and trained 
illuminating engineers. A Museum might 
advantageously “be established, attached to 
the Institution, in which the progress and 
development of the different systems of il- 
lumination could be kept on record. Natu- 
rally, I should also like to see there a spe- 
cially well equipped library for reference. 

The formation of an Illuminating Engi- 
neering Society ought to receive a hearty 
support from the council of the gas and 
electric institutions, and I should think the 
newly formed British Science Guild, whose 
object is to try and convince the people by 
means of publications and meetings of the 
necessity of applying the methods of sci- 
ence to all branches of human endeavor. 
For promoting and extending the applica- 
tion of scientific principles to industrial and 
general purposes, and furthering the prog- 
ress and increasing the welfare of the Em- 
pire, it should take this opportunity and 
utilize its great influence in encouraging 
the formation of this society. 
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Correspondence 


FROM OUR SPECIAL LONDON 
CORRESPONDENT 


A RECORDING GAS METER. 


Perhaps no mechanical device has 
been treated with such contumely and 
suspicion as the gas meter. The con- 
sumer has always been sure that in 
some inexplicable way the meter reg- 
istered more gas than was consumed, 
and this in the face of the most strin- 
gent regulations enforced in Great 
Britain by acts of Parliament by which 
the consumer can demand to have the 
meter tested; but still no satisfaction 
is derived, and the gas meter remains 
an “evil thing” in the eyes of many. 
It would seem almost impossible to 
teach a man or woman to read a meter 
and then to work out the simple sub- 
traction of the reading of the previous 
quarter and so arrive at the quantity 
of gas consumed. 

Much popularity has been earned 
among cyclists for the Veeder cyclo- 
meter, a mileage recorder. The com- 
pany which manufactures these very 
useful and simple accessories has been 
devoting time and money to the per- 
fection of a gas meter counter of a 
similar principle. 

These counters show at a glance 
the state of the meter, and we under- 
stand that any pressure that is suff- 
cient to move the ordinary mechanism 
of the meter itself will operate the 
counter. The register is shown in 
decimals; and the counters are made 
for meters. of all‘standard sizes, “In 
the 3 and 5 light size the dial records 
up to 10,000 cubic feet in units of 10 
feet; there is in’ addition: a 2=100t 
proving hand. Meters of this size are 
also made with an auxiliary hand for 
proving, registering 0.2 cubic foot per 
each revolution. 

This hand is necessary in some dis- 
tricts in order to comply with the legal 
requirements, and is also specially use- 
ful as an aid to the detection of leak- 


age. In onandezon lights meteremilc 
dial records up to 1,000,000 cubic feet 
in units of 100 feet, the proving hand 
registering Seteet. Miethee come 1 
meter the proving hand registers 10 
feet, and in the 45 to 60 light sizes 20 
feet is registered. 

The 100, 150, 200 and 3200 Tight 
meters record up to 10,000,000 feet, 
the first three sizes having proving 
hands of 50 feet and the 300 light 100 
feet. The fitting of the Veeder Meter 
Counters entails but a small extra cost 
and appears likely to revolutionize the 
method of recording gas measure- 
ments. 


RAILWAY CARRIAGE LIGHTING. 


At a meeting of gas engineers, held 
at Manchester, a paper was read on 
the “Methods of Lighting Railway 
Carriages.” The particular apparatus 
described was that in use on one of the 
principal Biritish railways—the Lan- 
cashire and Yorkshire. It consisted 
of a small cylinder containing about 
10 cubic feet of oil gas at 50 lbs. pres- 
sure. The first lamp was fitted with 
two No. ooo Bray’s burners giving six 
candles illuminating power with a con- 
sumption..of,1:.cubi¢.teet at di2iselbs: 
pressure; a second lamp was fitted 
with a regenerative burner (the Wen- 
ham type), giving 12 candles, and the 
third an ordinary inverted incan- 
descent burner giving a duty of 36 
candles. 

The inverted incandescent burner 
has been found, when practically tried, 
to give better results than the vertical 
burner—being 36 candles per 0.5 cu- 
bic foot of gas per hour. The ap- 
proximate life of such a mantle, it was 
said, was 200 hours and the distance 
covered by the carriage about 1,300 
miles. 

The burner used for compressed 
coal gas was regulated for a consump- 
tion of 1.3 to 0.4 cubic feet of gas per 
hour at a pressure of 71 lbs., produc- 
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ing a light of 32 candles. Compressed 
oil gas has been in use for railway 
carriage lighting for very nearly thirty 
years, and is still in general use 
throughout the British Empire. Few 
railway carriages are fitted with the 
electric light and fewer still with the 
inverted gas mantle; in our opinion 
that special form of mantle lends itself 
particularly to the purpose of railway 
carriage illumination. 


ACETYLENE. GAS AS AN ILLUMINANT. 


Acetylene gas seems to have pushed 
Mit.cussOul-olwctie. tield.~ There are 
now several very excellent plants for 
the manufacture of acetylene gas on a 
small scale; and several small villages 
have installations which are operated 
through the ordinary distributing 
mains and services. At the moment of 
writing one such plant particularly oc- 
curs to us in Patsey, a small town in 
Treland. Some 70 consumers are sup- 
plied and the charge per I00 (one 
hundred) cubic feet is $1.45; so suc- 
cessful have been the operators that 
a dividend of 3% per cent. per annum 
has been paid upon a capital of $7,200. 
Quite recently” Sir, Charles Stewart 
Porbes réad a’ paper on ~The Gen- 
eration and Use of Acetylene” before 
the newly formed association of engi- 
neers in charge, in the course of which 
he touched upon the question of cost 
and said: “I take the burner used as 
one of the ordinary type consuming 
14 a cubic foot per hour. I take good 
carbide which should vield an average 
of 4.75 cubic feet of gas per lb., and 
I take it that the carbide can be deliv- 
ered into a store for $82.00 per-car. 
With these data I work out that the 
gas costs $0.38346 of a penny (2 
cents) per cubic feot—practically 1/3 
of a penny; the % foot burners will 
cost $0.19173 of a penny per hour per 
carbide only.” Sir Charles added that 
Bictemwvere, tie chatees, tor talons 
which was infinitesimal and that at a 
cost of 44d. (% cent) per hour, a very 
fine light could be obtained. A special 
burner has been put on the market by 
Messrs. George Bray & Co., which 
gives most satisfactory results with 


gas at a pressure of 3 inches of water. 
When using acetylene gas with incan- 
descent burners, 4 inches is the lowest 
pressure at which satisfactory illu- 
mination can be obtained. Acetylene 
gas consumed in incandescent burners, 
is considerably less in quantity per 
candle-power than when used in the 
ordinary burner. 
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ASSAPECCUP AND BALE JOINT. 


All interested in gas illumination 
know the want of a perfect cup and 
ball joint. The illustration shows a 
new form which has recentlv been 
patented by an English firm; in this 
joint there is no spring; in fact the 
half ball has been replaced by a com- 
plete ball, so preventing any leakage 
when the pendant is tilted over too far, 
or. when it is lifted and the needle 
taken off the spring. The upper side 
of the ball A, has a spherical surface 
B, and betwen this surface and an in- 
temnaienances@xcon thelnion: D, 1s 
placed a washer. The upper surface 
of this washer, as will be seen, is flat 
and the underside is cupped to fit the 
upper surface of the ball so allowing 
considerable play for the pendant. 


THREE-LIGHT ADJUSTABLE PENDANT. 


It is quite probable that the intro- 
duction of the graceful electroliers has 
done a great deal to induce the manu- 
facturers of gas fittings to give the 
consumer something better than the 
inartistic chandelier and the nine- 
teenth gas pendant. The illustration 
shows a pendant fitted with a natent 
flexible central counter-balance, so ar- 
ranged that the lamps may be placed 
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at any level by a touch of the hand. 
These are fitted with inverted incan- 
descent burners and made in many 
designs. 
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A NEW STANDARD ARGAND BURNER. 


With the first of January of this 
year the London Metropolitan Gas 
Referees adopted a new _ stindard 
burner for testing purposes; its gen- 
eral form will be gathered from the 1il- 
lustration. At some future date the 
conditions under which the burner 1s 
used and a fuller description shall be 
given, if the Edison permits. In this 
burner the air supply to the inner and 
outer surfaces of the flame is con- 
trolled by an adjustable disc ; a method 
has also been adjusted of regulating 
the air supply in three currents. The 
inner and outer supplies of air are 
given through the channels J, and the 
third supply through the parts L, and 
the channels K and M. The adjusta- 
ble disc G has ‘openings at E.Sitor the 
passage of air to the channel J, and an 
upstanding flange on the disc controls 
the third air supply through the parts 
L. For the poorest gases the channel 
K, provides sufficient air, but when 
richer gases are required to be con- 
sumed, the covering glass disc G, by 
means of which more air is given to 
the outer and inner edges of the flame, 
also uncovers the part L, and admits 
an extra suply of air to the channel 
M. The advent of this burner, which 


is the invention of Mr. C. C. Carpen- 
ter, M. Inst. C.E. (Eng.), has given 
great satisfaction to all gas engineers. 
the “London Argand,” which prior to 
January last was the standard burner 
for testing purposes, had for a long 
time been quite unsuitable for tests of 
the gas burned in incandescent or clear 
high-power burners. 
Cuas. W. HaAstTINGs. 
(Ed. Gas Engineers’ Magazine.) 





FROM OUR READERS 


To the Editor of THE ILLUMINATING 

ENGINEER. 

Sir: 

On pages 209 and 210 in the May 
issue of THe ILLUMINATING ENGI- 
NEER, we note a criticism on the meth- 
od of desk lighting recommended by 
us in our article in the Electrical 
World of May 5, 1906. You illustrate 
a method which you say is preferable 
(see Fig. 2, page 210). We have ex- 
perimented at length with the lamp, 
reflector and covering arranged as 1il- 
lustrated and have been unable to 
find any position of the lamp anywhere 
near that which you show which gives 
anything but exceedingly bad results. 
We have not been able to discover any 
position where the worker at the desk 
would not receive a direct glare from 
at least a part of the unshaded lamp, 
and that, too, from an angle where he 
cannot possibly avoid it while he is 
working at the desk. We also find 
that the general illumination over the 
surface of the desk is more uniform 
with the arrangement we advocate. 
Yours produces a very brightly illu- 
minated area on one side of the desk 
leaving the other side dark by contrast. 

With the lamp placed, according to 
our specifications, the eyebrows of 
the person at the desk entirely protect 
the eyes. The light does not shine in 
the eye at all in any ordinary working 
position. The writers have been work- 
ing by lights, placed’ as recommended 
for several years, and find the ar- 
rangement so much more comfortable 
than anything else that has been pro- 
posed that they still remain firm in the 
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belief that the arrangement they sug- 
gest is the best obtainable for ordi- 
nary everyday work, although they are 
willing to change their opinion the 
moment some one can suggest a meth- 
od which, after having a practical trial, 
will prove better. 

Chicago, III. jek CRAVATH: 
V. R. LANSINGH. 
NewYork, “No Y. 


“Who shall decide where doctors 


disagree?’ Probably the patient—if 
he lives to tell the tale. We will, 
therefore, try to state the facts as 
clearly as possible in the matter under 
dispute, and leave to our readers the 
decision as to the relative merits of 
the methods of desk lighting advo- 
cated. 

Our correspondents say that they 
“have not been able to discover any 
position where the worker at the desk 
would not recive a direct glare from 
at least a part of the unshaded lamp.” 
In taking the photograph we were 
careful to adjust the height of the lens 
to the height of the eye of a person 
sitting in an ordinary desk chair, and 
the photo itself shows that it was 
taken directly in front. Anything that 
would be visible to the eye in this po- 
sition must therefore appear in the 
photograph; we simply ask the reader 
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to look for any part of the unshaded 
lamp, and, furthermore, to observe the 
perspective and judge whether mov- 
ing any nearer to the desk would 
bring the lamp into view. 

Our correspondents also say that 
“Yours produces a very brilliant illu- 
minated area on one side of the desk, 
leaving the other side dark by con- 
trast.” In answer to this, we will state 
that the photograph was taken in a 
room illuminated to a very moderate 
degree by artificial light, as it would 
ordinarily be in an office, the illumina- 
tion on the desk being produced by the 
desk-light itself, so that it represents 
exactly the conditions that would be 
found in regular use; and again we 
ask our readers to find the dark spot 
rererred to 

Lastly, let it be remembered that 
“halation” in a photograph is the 
counterpart of “glare” in vision. The 
desk as shown in Fig. 2, which is the 
arrangement recommended by our 
correspondents, was photographed by 
the light of the desk lamp alone. As 
will be seen, the halation is so strong 
as to entirely obliterate the lamp and 
reflector. What would be the effect 
on the eve in working under such a 
light? We can only say, try it—but 
not too long. 
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Facts and Fancies 


Mr. G. W. Pearce, now connected 
with the New York Sun, is a veteran 
in the lighting field, and has been a 
keen observer of the remarkable devel- 
opment in illumination that has taken 
place since the advent of the electric 
lamp. Mr. Pearceshaseeiven us the 
following anecdote of one of the great- 
est architects which America has ever 
produced, which will certainly interest 
ILLUMINATING ENGINEER readers. 


“The stalactite form of glass shade 


for the incandescent lamp was de-, 


signed by the great architect, Henry 
Hobson Richardson, whose noble 
Romanesque buildings, Trinity 
Church, Boston, the Capitol at Albany, 
the court house. at: Pittsbure, “and 
many other superb examples of good 
architecture adorn the country. In 
his early days, as a struggling archi- 
tect in this city, Richardson designed 
lamp and gas shades for several well- 
known manufacturers during the late 
sixties and early seventies. In his 
prosperous days, after the building of 
Trinity Church had placed him in the 
forefront of architects, Richardson 
related that one morning he awakened 
in his small hall room in a Brooklyn 
lodging house and realized that his en- 
tire capital in cash was five cents, and 
that his sole commercial assets in 
shape tor quick sale were several 
designs for gas globes which he had 
carefully colored in water colors for 
submission to Tiffany & Co., the jew- 
elers, who then made gas fixtures. 
Richardson spent three cents for rolls, 
the remainder of his cash for ferry 
fare, and walked to Tiffany’s, then at 
550 Broadway. But no sale was ef- 
fected. Richardson then offered to go 
to work as a draughtsman to design 
fixtures and globes at $20 a week. 
That proffer was rejected, and Rich- 
ardson went out and walked the town 
all day in the bitter cold, overcoatless 
and hungry, vainly endeavoring to find 


a market for his gas globe designs, 
or employment with a gas fixture 
house. He went without food for two 
days, and then sold his gas globe de- 
signs and a few designs for kerosene 
lamps, toylves é& Co., a Airmmiany, 
years out of business, but then widely 
known. For that firm Richardson de- 
signed a fine catalogue, the first in the 
American lamp trade that was gotten 
out in colors, and which was so truly 
artistic, and embodied so many fine 
designs by Richardson, that a great 
business resulted therefrom both in 
this country and abroad. 


“As early as the first commercial 
success of the incandescent electric 
lamp, in 1879, Richardson predicted 
that it was the light of the future, and 
for several friends who installed the 
system he designed beautiful shades 
that were made to order by the old 
New England Glass Co., the Mount 
Washington Glass Works, and other 
makers. | 


“Richardson designed the stalactite, 
in the first,instancc} to shade a series 
of arc lantps provided for a lawn 
festival by one of his neighbors at 
Brookline, Mass. The effect was very 
fine, as the stalactites were made of 
the highest grade of lead glass flashed 
with ruby, made with chloride of gold, 
and overset with bandings of opal- 
escent, turquoise, and uranium glass 
of the sorts made in rods for the 
manufacturers of artificial jewels. His 
first designs in stalactites for the in- 
candescent electric light were made 
for his friend Frederick L. Ames, Bos- 
ton, the first large capitalist in New 
England who engaged in the business 
that developed into the present gigan- 
tic Edison Electric Light Co., of Bos- 
ton. These designs covered the whole 
field of designing in stalactites, globes 
and shades that embraces the present- 
day field of design. 

“At that time Richardson was the 
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only architect in the United States who 
had an accurate and comprehensive 
knowledge of the sciences of chemistry 
and electricity. He had studied both of 
those departments of physics at Har- 
vard College, and had ever afterward 
conducted experiments in electricity 
as time served for the gratification of 
his taste. He came rightly by the iove 
of the science of electricity, as he was 
a great grandson of the renowned Dr. 
Joseph Priestley, the discoverer of oxy- 
gen, and to whom we owe the knowl- 
edge of the fact that an acid is formed 
when electric sparks are made to pass 
for some time through a given bulk of 
common air, which discovery after- 
ward led to Cavendish’s discovery of 
nitric acid and to Dr. Colton’s discov- 
ery of nitrous oxide gas, which was 
the first anesthetic used in the world. 

It was a source of pride to Richard- 
son that his great grandfather in heed- 
ing the advice of Benjamin Franklin, 
in London in 1765, to bring out in 
book form his lectures on “The His- 
tory of the Present State of Electric- 
ity,’ published at London, 1767, had 
in great part helped to found arts and 
sciences which had benefited countless 
millions of mankind. 

“This great architect used to relate 
that in his boyhood he had talked with 
an old man who as an apprentice had 
helped make the last electrical appa- 
ratus with which the great Franklin 
and Dr. Priestley made their last ex- 
periments together, and that this ap- 
prentice afterward made apparatus for 
S. F. B. Morse, Alfred Vail and Ezra 
Cornell, founder of Cornell Univer- 
sity, and lived to see in his last year of 
life, a €ommercially successful arc 
lamp in front of the old home of 
Franklin. This one human life linked 
the discoverers of Priestley and 
Franklin with the inventions of Brush 
and Edison.” 


ULTRA-VIOLET GLASSES 


A large optical dealer in New York 
has the following to say in regard to 
the glass used for spectacles: 


In the manufacture of lenses, for spec- 
tacles, very little progress has been made 
in recent years. The great mechanical im- 
provements made in spectacles have been 
chiefly in the direction of ingenious devices 
for holding glasses firmly on the nose of 
the wearer with ease and comziort, in in- 
creased lightness of the frames or mount- 
ings without loss of durability, in neatness 
of appearance, and conformity to facial di- 
mensions. In this respect the American 
optician has certainly earned and holds first 
place. 

With the lenses themselves, however, the 
limit of perfection had apparently been 
reached. The grinding of various curves 
on lenses to obtain the desired focus, being 
purely a mechanical process, no very. star- 
tling improvements have been made for 
many years, painstaking attention to de- 
tails and carefulness of workmanship be- 
ing the chief difference between the. prod- 
uct of the best and the ordinary optician. 

It is very evident, therefore, that if any 
decided improvement can be made in spec- 
tacle lenses it must be in the material it- 
self from which the lenses are ground. It 
was long ago discovered that the spectrum 
obtained by means of the reflecting diffrac- 
tion grating, or of a rock crystal prism, 
showed a powerful and extended actinic 
region, invisible to eyesight and beyond the 
violet, whose very existence had not been 
suspected in the days when glass prisms 
alone were employed for spectroscopic pur- 
poses. This is the ultra violet ray region, 
now known to be far the most powerful 
in chemical effect of the entire parcel of 
rays. 

Until very recently all kinds of optical 
glass have been absolutely. impervious to 
most of the ultra violet rays, and even in 
other regions they are so little pervious 
to any but the yellow and green rays, that 
they might be and are called yellow and 
green glass. All glass without exception 
shows color when viewed through a spec- 
troscope. The purest of optical crown 
glass showing a green, and the whitest of 
optical flint glass showing a yellow ray. 
The finest specimens of both kinds of op- 
tical glass show an enormous absorption in 
all regions, but the yellow, when exam- 
ined spectroscopically. The optical prop- 
erties of different types of glass are demon- 
strated by five bright lines of the spectrum, 
easy of production at any moment by arti- 
ficial light and known as the red potassium, 
the sodium line, and the three bright lines 
of the hydrogen spectrum. 

The aim of scientific glass makers has 
been to obtain a material absolutely color- 
less, of extreme hardness and of great per- 
meability to those rays of the spectrum of 
short. wave length which are usually lost 
by absorption in. passing through ordinary 
types of optical glass. 

The newly discovered ultra violet glass 
fulfils all the above: conditions.. It is of 
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extraordinary clearness, of exceeding hard- 
ness, takes a high polish and will not 
scratch easily, and spectroscopic tests show 
that it is readily distinguished from exist- 
ing ordinary optical glasses by the quality 
of considerably intensified permeability to 
ultra violet rays, that is, rays of a wave 
length below 400 (u uw), and not only trans- 
mits the blue, violet and ultra violet rays 
of the spectrum, but extinguishes the red, 
infra-red’ and yellow rays, which are the 
chemical heat-rays, and thus actually con- 
veys a comparatively cool ray of light 
through the eye to the retina. 

The advantages of spectacle lenses made 
of ultra violet glass are of the utmost im- 
portance in the preservation of eyesight. 
Their crystal transparency gives a most 
brilliant image without irritation or fatigue. 
Their extreme hardness and high polish 
make them less liable to breakage and they 
are cool and soothing to the eye. 

The advisability of allowing the 
violet and ultra-violet rays to enter the 
eye, however, is very questionable. 
In fact, there seems every reason to 
believe that glasses which would inter- 
cept these invisible rays would be of 
great advantage. The matter is an in- 
teresting one, as drawing attention to 
the fact that it would be possible to 
compound a glass of such selective ab- 
sorption as to transmit only the rays 
which are most useful in producing 
the visual impression, while absorbing 
those which only serve-to strain or 


fatigue the eve. 


A NOVEL LAMP GLOBE 


The illustration herewith shows a 
device that is termed by the Scientific 
American “A Novel Reflecting Lamp 
Globe.” 

As to the novelty of the device there 
is little room for dispute, the novelty 
consisting in an almost literal disre- 
gard of othe. scriptural anjunction 
against putting a light under a bushel. 
It would be interesting to know what 
portion of the light finally succeeds in 
escaping through the minute win- 
dows ; whiie as for artistic appearance, 
it might perhaps go along with that 
class of globes which Dr. Louis Bell 
so aptly described as “suitable for use 
Over onyx bars inlaid with silver dol- 
lars.” The contemplation of even the 
picture is calculated to give an illu- 
minating engineer a nervous chill. — 








> 


IT HAPPENED IN AUSTRALIA, 

“Mr. Wells proceeds to find the leak of 
gas. From what followed we presume he 
found ‘it; we do not expect—Mr. Wells- 
bach.”—Electrical Times (London). 
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SOME PHYSIOLOGICAL FACTORS 
IN ILLUMINATION AND 
PHOTOMETRY 


By OR 1 OUISsisELL, 


The fundamental difficulty in the 
scientific study of illumination is that 
one has to define physical quantities 
in physiological terms. Illumination in 
all its phases deals with the sensation 
of sight, and between the one and the 
other there are no fixed relations, but 
only variable approximations. One 
can, therefore, rely upon only average 
conditions, restricted within somewhat 
narrow limits. The purpose of this 
paper is to point out some of the bear- 
ings of physiological optics upon prac- 
tical illumination, its measurement and 
the limitations of its efficency. 

Save for the effects of accommoda- 
tion and convenience in determining 
vision in three dimensions, we see 
things wholly by their differences in 
color and luminosity. If two ob- 
jects are of the same color and 
luminosity they cease to be sepa- 
rately distinguished, and as_ they 
approach this condition they  be- 
come progressively more and more in- 
distinct as individual forms. If the 
difference of luminosity is small the 
color difference must be increased to 
secure visibility, and vice versa. It is 
perfectly astonishing how objects of 
similar luminosity and quite different 
color or of similar color and quite dif- 
ferent real luminosity can melt into 
the general landscape as soon as they 
are beyond the range of material help 
from binocular vision. 

According to Fechner’s law, the hu- 
man eye can perceive a fixed fractional 
difference of illumination, irrespec- 
‘tive, within wide limits of its absolute 
amount. This fraction varies in gen- 
eral from about I per cent. to about 
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0.55 per cent. assuming ordinary sour- 
ces of illumination and normal eyes. 

Now for the purposes of practical 
lighting, the illumination should be 
generally kept within the range for 
which Fechner’s law holds good, and’ 
once well within that range of normal 
sensibility nothing is gained virtually 
by increasing the strength of the illus 
mination, so far as difference of lu- 
minosity is concerned. 

But this is not all for visual acuity 
also enters the problem. By this one 
means the power of discriminating fine 
details, assuming strong contrast be- 
tween them. This although it depends 
primarily on the retinal structure also 
varies considerably with the illumina- 
tion as everyone knows. There is also 
a tolerably obvious but little under- 
stood relation between sensation and 
the area of the retinal image. The 
smaller the image the brighter must it 
be to produce a distinct sensation. 
Thus, for example, small objects seem 
distinct enough at moderate distances 
and blend into the general landscape 
as their distances increase. In artifi- 
cial illumination this phenomenon is 
seldom of importance. In order to see 
things with satisfactory distinctness 
the illumination must be sufficient to 
bring the eye to its normal acuity and 
to give to Fechner’s fraction some- 
where nearly its normal value. A curi- 
ous case is cited by Kreuchel, in which 
a patient complained of not being able 
to see well enough to get about. On 
examination the visual field and vis- 
ual acuity were normal, but a special 
test showed that for his eye Fechner’s 
fraction was about 1/10, instead of 
1/100, and hence only strongly con- 


trasted objects were clearly visible to 


him. 
Starting now from Fechner’s frac- 
tion and from the facts of visual acu- 
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ity let us see whether a logical basis 
for illumination can be devised which 
shall thus rest not upon purely empiri- 
cal observations of good and bad light- 
ing, but upon the general data of phy- 
sical and physiological optics. Thanks 
to the work of Konig and Brodhun, 
and of Uhthoff one can get a clear 
idea of the variation of Fechner’s 
fraction and of visual acuity with the 
strength of illumination. In Fig. 1 
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these relations are plotted with the il- 

luminations in foot-candles, as ab- 

scisse. Curves a and D relate to Fech- 
dl 


ner’s fraction, with as ordinates. 





I 

Curve a shows the variations found 
up to 140 foot-candles, while curve b 
is on 100 times the scale as regards ab- 
scissee, running therefore to 1.40 foot- 
candle. I use the foot-candle as unit, 
not because I prefer it, but because 
the English standard candle is the 
only legal unit for practical use. 

A glance at curve a shows at once 
that by the time the illumination has 
reached the neighborhood of 1 foot- 
candle the curve is turning clearly 
toward the horizontal and that beyond, 
say 5 foot-candles, the decrease in the 
sensibility is very slow indeed. Curve 
b; in) fact, shows: ‘thats the -curyewmis 
rapidly getting asymptotic at even I 
foot-candle.. These .curves are for 
white light, and the question may 
naturally be asked as to whether they 
also hold for colored light. At low 
intensities they do not, the sensibility 
for red being considerably less, and 
for blue somewhat greater than is here 
shown. Curve b’ shows the approxi- 
mate values for deep crimson. Eyes 
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differ considerably in absolute, and in 
color sensibility, but b’ will give an ap- 
proximate notion of the color effect at 
its worst. At high intensities, say 
about 25 foot-candles, the color curves 
run together. 

Difference of visibility in colored 
objects, however, is only in small 
measure due to the facts here noted, 
being mainly chargeable to mere dif- 
ferences in reflecting power. 

Curve c, Fig. 1, shows the variation 
of visual acuity up to 14-foot-candles, 
the ordinates being purely empirical 
values. It at once appears that the in- 
crease in acuity is very slow above 
about I foot-candle, but goes on in- 
creasing slightly, like the shade per- 
ception, above all working values of 
the illumination. In extremely in- 
tense light, several thousand foot-can- 
dles, the sensibility decreases slowly, 
and probably also the acuity, but these 
upper limits are quite beyond the lim- 
its of ordinary illumination. 

It therefore plainly appears that at 
I or 2 foot-candles the eye is working 
so near its normal sensibility that fur- 
ther increase in illumination is of rela- 
tively very small value. 

The essential point in good seeing, 
however, is that the values here speci- 
fied should be those affecting the eye 
and not merely those by which objects 
are illuminated. 

Since objects are seen in virtue of 
differences of reflected light the illu- 
mination which affects the eye is de- 
termined by the co-efficients of diffuse 
reflection of the objects in the field of 
view. . 

The light reflected from any. object 
is I K where I is the incident illu- 
mination, and for this to have the 
value required by the visual conditions 

| a 
I = — where a is the 
K 
absolute factor just found. For ex- 
ample, taking a = 1.5 as a mean value, 
and the case of working upon white 
paper for which bk is ordinarily .6 to .7, 
I, the incident illumination should be 
2 to 2:5 foot-candles, while with mode- 
rately dark colored papers having k 


just indicated. 


THE ILLUMINATING ENGINEER. 


equal to, say .3, the necessary illu- 
mination would rise to 5 foot-candles. 
With black goods for which k is only 
-OI or .02 one can hardly get enough 
light to bring acuity and sensibility to 
their full values. For ordinary pur- 
poses not requiring extreme acuity a 
may generally be taken as 1, while in 
observing very fine details 2 or in very 
extreme cases 3 may be assumed. The 
surface observed acts as a secondary 
source of illumination, and for details 
small compared with the normal visual 
distance the law of inverse squares 
holds, hence the tendency to get the 
eyes close to the work in insufficient 
illumination. In weak light, say 0.1 
or 0.2 foot-candle variations of shade 
are perceived only with difficulty and 
one finds himself in the condition of 
the patient already mentioned who 
stumbled about because obstacles not 
strongly contrasted were invisible to 
him. At 0.5 foot-candle conditions 
are very greatly improved and useful 
illumination begins and above 1 foot- 
candle they may be considered normal, 
unless close detail is concerned, in 
which case more light is of some as- 
sistance. But the controlling factor in 
practical illumination is k, which va- 
ries widely with the luminosity of the 
colors concerned, producing apparent 
color relations which entirely mask the 
real ones already described. 

Given, therefore, the general kind 
of work which is to be done under ar- 
tificial light and one can reckon from 
general physiological and_ physical 
data the approximate intensity of illu- 
mination required. The lowest per- 
missible illumination is, of course, for 
coarse work on approximately white 
objects, the highest for close discrim- 
ination of detail and shading in dark 
objects. 

For very weak and very bright illu- 
mination the effect of pupillary dia- 
meter must be taken into account. So 
far as objects in the visible field are 
concerned there 1s every reason for 
keeping the illumination received from 
them quite near to the critical amount 
a, and so long as this is done the pupil- 
lary diameter, so far as these objects 
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are concerned, remains reasonably con- 
stant. 

The iris diaphragm of ‘the eye re- 
sponds by reflex action to light and 
other stimuli, varying in diameter 
from hardly more than a point in very 
intense light to a width in complete 
darkness so great that the iris actually 
retreats under the margin of the cor- 
nea. Ordinarily the aperture is such 
that the eye is working at f.5 to f.6. 
In strong light the aperture may fall 
to f.20 or beyond, and in very dark 
light it may rise to f.3 or thereabouts. 
Obviously the intensity of the image 
varies accordingly. If a bright light 
causes the pupil to contract abnormally 
the illumination available from objects 
in the field of vision is cut down and 
the normal sensibility of the eye may 
be greatly reduced. 

Suppose for instance an eye receiv- 
ing I foot-candle at its normal pupil- 
lary diameter, in such case not far 
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from 4mm. Let now a light enter the 
field of vision bright enough to con- 
tract the pupil to 2 mm., and the effect 
is the same so far as the general field 
is concerned, as if the available illu- 
mination were cut down to 0:25 foot- 
candle, which a glance at Fig. 1 shows 
to be too low for decent seeing. Hence, 
the importance of keeping bright radi- 
ants out of the field of vision. 

The actual relation between pupil- 
lary aperture and intensity of illumina- 
tion has been investigated with some- 
what various results, much depending 
on the state of adaptation of the eye. 
In examining the classical experiments 
of Lambert on this subject a simple 
approximate relation appeared between 
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the area of the pupil and the illumina- 
tion, to wit, that the former varied 
with the reciprocal of the square root 
of the latter. Fig. 2 shows these quan- 
tities duly plotted, and the approxi- 
mate linear relation is at once appar- 
ent. Hence, if we take a quantity U 
proportional to the illumination which 
reaches the retina, as the criterion of 
visual usefulness, then, again approxt- 


mately U = KvI, which furnishes 
another cogent argument against try- 
ing to force the illumination too high. 
It is probable that the pupillary aper- 
ture is affected by the intrinsic bril- 
liancy of the source as well as the ilu- 
mination from it, but the exact rela- 
tion remains undefined. This much 
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is certain that a light of too high in- 
tensity or intrinsic brilliancy within 
the field of vision tends to defeat its 
own purpose by automatically stopping 
down the iris. This is quite apart 
from the well-known and serious ef- 
fect of such lights in causing retinal 
irritation, to which the loss of many 
an eye may be attributed. 

Any violent contrast in the field of 
vision is objectionable for the same 
reason, in less degree, so that if condi- 
tions are such as to require powerful 
illumination in a part of the field a 
very bright background in the rest of 
the field should be avoided, it being 
preferable to have there merely enough 
light to avoid excessive contrasts. 

As most objects are colored the rela- 
tive luminosities of various colors are 
important considerations in illumina- 
tion. That the eye is affected by vari- 
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ous colors in very different degrees is 
well known, and the fact is responsible 
not only for great difficulties in photo- 
metry, but also for serious limitations 
on the possible efficiency of illumi- 
nants. Fig. 3 shows several luminos- 
ity curves from the experiments of 
Abney. Curve 1 is that for the normal 
human eye taken with fairly bright 
light. It has a strong maximum in the 
yellow of the spectrum, while in the 
scarlet on the one hand and the full 
green on the other the apparent lumi- 
nosity has fallen to half the maxi- 
mum. In the deep crimson and the 
blue respectively, it is below a quarter 
and rapidly falling. While the lu- 
minous part of the spectrum lies main- 
ly between wave-lengths 700 mm. and 
400 mm. the effective part of it lies 
between w.l. 630 and 530. Energy 
outside these limits is for the most 
part wasted so far as vision is con- 
cerned. 

At first sight, therefore, the eye 
would seem to be very inefficiently or- 
ganized. Such, however, is not the 
case for the eye has been evolved not 
for artificial light, but to meet the exi- 
gencies of natural light, and its point 
of maximum luminosity falls very 
near to the point of maximum energy 
of the solar light, in fact, between that 
and the maximum energy point for 
skylight, so that the adjustment of the 
sensibility for natural conditions is ex- 
cellent. 

Moreover, were it not for the ad- 
justment of the eye for a sharp maxi- 
mum of sensibility, we should be to- 
tally unable to see clearly on account 
of the effect of chromatic aberration. 
When the eye is accommodated for 
yellow light images due to deep red 
and deep blue light are badly out of 
focus and were they comparable in 
brightness to the yellow image, near 
vision would be very indistinct, and 
aside from this we should lose much 
of the contrast which helps to render 
objects visible. 

As was long ago noted by Purkinje 
and Dove, the relative luminosity of 
different colors is greatly affected by 
the absolute intensity of the illumina- 
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tions) a. cLact.at ,once. curious in, itself 
and in photometry very troublesome. 
Curve 3 of Fig. 3 shows the relative 
luminosities for white light of an in- 
tensity of about 0.066 foot-candle. Its 
maximum lies in the full green in- 
stead of the yellow and the luminosity 
for yellow and red is very low. To be 
stricty comparable to Curve I it should 
be plotted with the same maximum, 
but its shape plainly shows that in 
light of so low intensity, the normal 
eye is red blind. Curve 2 shows the 
luminosities in an actual case of color 
blindness. Red blindness varies in 
amount, but no case is sO severe as 
that of the ncrmal eye in weak light. 

The comparison of colored lights in- 
volves this phenomenon to a very 
serious extent, and in particular all 
extinction methods are vitiated by it 
save when used merely for the com- 
parison of lights of similar color or 
for the actual measurement of very 
low intensities. 

In fact, any photometric device 
which can be used on colored lights 
with ccherent results by both the nor- 
mal and the color-blind, owes its ap- 
parent efficacy to disregard of part of 
the spectrum generally useful. 

The matter is referred to here main- 
ly on account of its bearing on the re- 
cent theory of rod and cone vision. 
As is well-known, the active layer of 
the retina is built up with a velvet-lke 
pile of rods and cones, the latter being 
most numerous and closely packed 
about the fovea, and the former pre- 
dominatine in the peripheral regions, 
in which the color sense is weak or ab- 
sent. According to the present view 
the cones are modified for color per- 
ception at some loss of ultimate sen- 
sitiveness, as in the case of a photo- 
graphic plate specialized for ortho- 
chromatic photography. At low in- 
tensities, say 0.1 foot-candle and be- 
low, cone-vision rapidly goes out of 
business, leaving rod-vision greatly 
predominating, as in Curve 3. Per- 
haps, the rods are relics of a primeval 
eye, of which the central area has 
gradually been modified as an aid to 
the color perception so useful in de- 
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termining contrasts. At all events the 
theory gives a very consistent explana- 
tion of the Purkinje effect. 

Now in using artificial illuminants 
the real usefulness of the light evi- 
dently depends upon the amount of 
energy which falls within that part of 
the visible spectrum to which the eye 
is reasonably sensitive. In fact, the 
photometric principle laid down by 
Crova, of comparing lights by their 
respective components in the neigh- 
borhood or 590 mm. wave-length had 
much to recommend it in dealing with 
sources which give a continuous spec- 
trum. 

The position of the energy maxi- 
mum in the spectrum of an incan- 
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descent body is a function of the tem- 
perature, and unfortunately the tem- 
peratures available in flames, incan- 
descent lamps and so forth are too 
low, say I800° to 2200° absolute to 
place this maximum where it will do 
the most good. In fact, to put the 
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maximum where it ought to be re- 
quires the solar temperature itself. 
Fig. 4, from the researches of Nich- 
ols, gives with arbitrary ordinates the 
distribution of energy in the visible 
part of the spectrum for various fa- 
miliar sources of light. The first three 
curves are for ordinary incandescent 
solids and bear a striking resemblance 
to each other. Curve 4 from the elec- 
tric arc shows relatively more blue and 
less red than the others, thus corre- 
sponding to its higher temperature. 
Curve 5, from a Welsbach mantle, 
shows a considerable departure from 
the distribution of the normal incan- 
descent body, due not to enhanced 
temperature, but to powerfully selec- 
tive radiation. It indicates. a very high 


luminous efficiency, since the maxi- 
mum lies within the visible spectrum. 
Curve 6 is the solar radiation, which is 
from a temperature so enormous that 
the maximum is pushed up into the 
Were one sure that the radia- 


orange. 
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tion is quite non-selective a pretty 
close value for the solar temperature 
could be obtained. As it is, it is only 
safe to say that the temperature is 
probably between 5000° and 6000". 
Now these curves are, so to speak, 
the mere fag-ends of the total energy 
curves. Fig. 5 shows their relation to 
the whole radiation. Curve 1 shows 
the immense advantage in efficiency of 
the solar radiation. All ordinary illu- 
minants give curves lying between 2, 
the Hefner lamp, and 3, the acetylene 
flame, which is not far from the result 
given by the arc, the only artificial 
light of higher temperature. 


The efficiency of an illuminant in the 
sense in which the expression is ordi- 
narily used is the ratio between the 
luminous energy and the total energy. 
In this estimate the luminous spectrum 
is commonly taken as beginning at 
w.l. 760 mm. All of it that is good for 
anything, however, lies practically be- 
tween the limits shown on Fig. 5. 

The flaming arc is the most efficient 
illuminant yet found, and M. Blondel 
has been able to obtain from it a duty 
in the vicinity of 0.1 watt per mean 
spherical candle, due to the very high 
luminosity of the two calcium fluoride 
bands near to w.l. 600 mm. But the 
light has a large color error which 
can be corrected only by a considerable 
sacrifice of efficiency. Undoubtedly, a 
discontinuous spectrum gives the best 
chance for high efficiency, but only 
at the cost of serious color errors. 
Even if one could obtain a discontinu- 
ous spectrum of the three primary rays 
only, it would be at a sacrifice, and 
there would be some doubt of its value 
as an illuminant on account of chro- 
matic aberration in the eye. 

Could one steal the fire-fly’s secret, 
the result would be, if Langley’s ex- 
periments ‘correctly represent it, a 
light of high efficiency it is true, but 
of about the color of a superannuated 
Welsbach. From all appearances, it 
will be extremely difficult to do much 
better than a duty of 0.5 watt per 
candle with an illuminant of reason- 
ably good color quality. 





DISCUSSION OF THE PAPERS ON 
co A METHOD OF STREET 
LIGHTING BY INCANDESCENT 
LAMPS,’’ BY UNDERWOOD AND 
LANSINGH, AND «LIGHTING 
OF STREETS BY THE INCAN- 
DESCENT MANTLE SYSTEM,’’ 
BY F. V. WESTERMAIER,. AE 
THE NEW YORK MEETING, 
MAY 17. 

Mr. Jj.. T. Cowling:—It seems almost 
disloval for any electric light man to say 
aught against the arc lamp, which has held 
first place so long in lighting public streets, 
but there is no denying the fact that there 
seems to be a tendency toward smaller 
lighting units. Invariably, though, this can 
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be traced to considerations of economy. 
Some time ago there was considerable dis- 
satisfaction.in one of the towns lighted by 
the company I represent, and among other 
things there was much criticism of the arc 
lamps, and the statement was made that 
they created such a glare in their immediate 
vicinity that it only tended to intensify the 
gloom beyond their sphere of usefulness. 
Lhere was just cause for complaint, as 
many of the arc lamps were placed 1,000 to 
1,500 feet apart. Under such cgnditions 
drivers were in constant danger of collision. 
The attention of the authorities was called 
to this and more arc. lights recommended to 
fill in the dark places. The town authori- 
ties stated that the light appropriation was 
insufficient and the only way to secure more 
lights would be to reduce the rate. As the 
rate was already as low as it could be made, 
consistent with good service, incandescent 
lamps were recommended to fill up the 
gaps. This proposition was met with un- 
complimentary remarks about tallows dips, 
lightning bugs, lemons on a stick, etc. Yet 
in spite of bitter opposition, a number of 
25-c.p. series incandescent lamps, with up- 
to-date fixtures. etc., were installed 240 feet 
apart, and the street was so well lighted 
that the authorities contracted for lighting 
the town throughout with 25-c.p. incan- 
descent lights with the exception of a score 
or more of arc lamps on the principal busi- 
tress? street. 

Some time later the lighting company 
went through a similar experience in a 
town eight or ten miles away, but in both 
instances the arc lights were replaced, not 
because they were unsuited to the service, 
but because they had been improperly locat- 
ed and the municipal authorities lacked the 
funds requisite to complete the ideal street 
lighting system they had planned. 

I believe the arc light is destined to hold 
its place for years to come in lighting the 
principal streets of cities and towns, but in 
the outlying districts and in the smaller 
municipalities there is a good field for the 
exploitation of smaller units. Owing to the 
unsatisfactory service of the older systems 
of incandescent street lighting, with crude 
makeshift fixtures in many cases, this field 
was occupied largely by gas and gasoline 
lamps, but the modern series incandescent 
systems give better street lighting for 
suburban districts at a minimum cost. 

In the Los Angeles system described in 
Messrs. Underwocd and Lansingh’s inter- 
esting paper, the consumption of energy 
equals 1,320 watts per 100 feet. Since d 
city street can be well lighted with arc 
lamps with less than one-fifth this energy, 
one is led to regard this system more as 
an artistic electrical display to advertise 
a certain section than as a method of street 
lightine. 

To illustrate the wide range of possibili- 
ties with incandescent street lighting. I de- 


sire to say that there is a Broadway in this 
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part of the country (needless to say it is 
not in New York City), which is lighted for 
a stretch of nine or ten miles along the 
Hudson River with incandescent lamps re- 
quiring 42 watts per 100 feet, and this sys- 
tem of lighting. suburban districts has 
proven very satisfactory to the various - 
municipalites and to the company furnish- 
ing the current. Throughout Westchester 
County there are upwards of 3,000 of these 
lamps in use, of 25-c.p. each, located about 
240 feet apart and placed on brackets which 
project the lamps about four feet beyond 
the curb, thus doing away with the shadows 
so noticeable in lamps placed inside the curb 
and in line with shade trees. 

Unfortunately, in dealing with street 
lighting problems the smaller municinalities 
regard the question of cost as of more im- 
portance than the quantity or quality of 
light, and even among the larger munici- 
palities there seems to be a growing dis- 
position to keep down the cost of street 
lighting in suburban districts through the 
adoption of smaller units, and it behooves 
the central-station man to encourage the 
lighting of such districts with incandescent 
lamps in order to meet gas competition. 
The street lighting department of an electric 
lighting company is an important one and 


well worth the serious consideration of 
that growing specialist—the illuminating 
engineer. 


Mr. F. V. Westermaier :—As far as the 
distribution of light is concerned, I can- 
not agree with those gentlemen that the 
Welsbach incandescent lamp only gives 
light equivalent to a 25-c.p. incandescent 
electric lamp. Mr. Hopkins, of New Ha- 
ven, who has been a student more along 
gas lines, probably, than electrical lines, 
but is a conscientious student and a man 
whose tests are unbiased, has made a se- 
ries of observations with different styles of 
lamps, and took as his basis the distance 
he could go away from an ordinary lamp 
and read a clipping. He plotted curves 
showing the distances he could walk away 
from the different lamps tested and _ still 
read his clipping. The distance at which 
he could distinctly read these clippings. if 
I remember rightly, was something like 
125 feet. away from an ordinary Welsbach 
incandescent gas lamp, and from the 
Nernst lamps and the incandescent electric 
lamps the distance at which the clipping 
could be read was not half that. I claim 
also that the incandescent gas system of 
lighting is more efficient than the majority 
of incandescent electric systems, from the 
fact that the diffusion is more below the 
horizontal than is generally thought. By 
actual measurement on a radial photome- 
ter, it was found that the maximum. illu- 
mination is along a line 10 degrees below 
the horizontal. Therefore, if you place 
the lamp high enough we can figure out the 
illumination from which we get the best 
efficiency. As to the percentage of light 


270 


generated above the horizontal, I do not 
know exactly what this is, but it is very 
small in comparison with the amount of 
light diffused horizontally or almost hori- 
zontally—mainly in a direction 10 degrees 
below the horizontal. J thus think that 
incandescent gas street light is going to 
hold its own and we are always working to 
produce better lamps, working hand in 
hand with the manufacturers of gas and 
looking to his interests as well as our own, 
and on the whole we are producing results. 
Mr. W. T. Morrison:—I would like to 
make a few remarks offhand in regard to 
the subject under consideration. We have 
two districts in the Bronx which have a 
large number of incandescent electric 
lamps, one having about 600 and the other 
400. We had at one time, about five years 
ago, considerable trouble in maintaining 
satisfactory service in competition with the 
local gas lamps in those districts. We 
found that considerable improvement could 
be made by selecting lamps of different 
amperages. In mantfacturing lamps, you 
know it.1s impossible to make all the lamps 
at the exact amperages you want, and the 
manufacturers informed us if we could 
take a variation in amperes we would get 
much better lamps and better results. We 
now have consented to this and have found 
a much better effect, and got much better 
life; and by keeping close track of each 
‘lamp and testing a number of them for 
candle-power after they had been out, we 
can keep the average candle-power in all 
cases, even after they had been out for 
some time, above twenty, and even above 
twenty-five very often. By these methods 
and close inspection and cleaning of the 
lamps and the shades, we improved the 
service very much in those districts, and 
the lamps gave very good satisfaction. 
The paper on the method of street light- 
ing by incandescent lamps was very inter- 
esting to me. I noticed, however, that the 
liability to breakage is stated to be very 
much less by arranging the lamps to point 
upward instead of downward, which “pro- 
tects the passerby from falling pieces of 
glass.” We have throughout New York 
City and the Bronx and Yonkers districts 
a great number of lamps, both for city and 
commercial customers, over the sidewalks, 
and we have found practically no trouble 
from this cause. I think that the down- 
ward arrangement would be much prefer- 
able and there would be no difficulty from 
the breaking of glass and the glass falling 
and causing any legal troubles. In an- 
other paragraph it is stated: “All lights 
burn from dark until midnight, after which 
hour the lamps on two of the four posts at 
corners of the street are turned off.’ That 
apparently leaves only two lamps for each 
block, and as the paper states that the 
blocks are. 600 feet long, that would leave 
only two lamps diagonally opposite at the 
corners for every six hundred feet. It 
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seems to me that in the districts, which 
evidently are well built up and with well- 
to-do residents to sustain a lighting sys- 
tem of the kind mentioned, the light given 
by these two lamps would be insufficient 


after 12 o'clock. The amount of energy 


consumed would only be warranted by a 
very profitable business center, it seems to 
me. In New York we have in our outlying 
districts, say from above the Harlem River 
to Tremont, which is 177th street—a dis- 
tance of about 18,000 feet—72 series alter- 
nating arc lamps of 7.5 amperes; this gives 
us only 2 k.w. per 1,000 feet on an average, 
whereas figured out on the basis laid out 
in this paper there would be _ required 
about 26.5 k.w. per 1,0co feet on an aver- 
age. This would be very expensive with 
respect to current, particularly as it would 
be necessary to keep up the illumination 
after midnight. In the downtown districts 
in this city, Fifth avenue, for instance, 
which is very well-lighted and often point- 
ed to as a good example of distributions 
of light, there are two 3.5-ampere direct cur- 
rent lamps ona post from 59th to 79th streets 
on Madison avenue, and from 8th to 79th 
street on Fifth avenue. In these localities 


there are about 206 posts, with two lamps 


on each post, and the watts per post are 
about 780, which give only 6.65 watts per 
1,000 feet against 26.5 in the scheme for 
incandescent light described, which shows 
that there was a good deal of room for 
improvement in the efficiency. There is no 
doubt that the system leads toa ‘very 
handsome appearance, as the posts-are fine; 
but there is a large number of posts, too 
many, and too many small incandescent 
units, it appears to me, and the ight being 
distributed upward and somewhat shaded 
in some cases by the other. round globes, 
the system is not efficient. Take, for in- 
stance, the series system just spoken of 
in the outlying districts of this city; the 
watts per 1,000 feet are only .85-as against 
26.5 watts in this incandescent system and 
against 2 in the Bronx district for Third 
avenue, which is everywhere built up with 
stoces, -and,. as lv havewalteadyes satdana.o 
watts in the Fifth avenue district. 

Mr. J. W. Bowles:—The general subject 
of street lhghting is of particular interest 
to us, the Boston Edison Company, at .the 
present time, as it is one to which we have 
given a considerable amount of attention, 
recognizing the field for improvement in 
this line of lighting. Until within the past 
two years series incandescent street light- 
ing did not concern us very widely, but in 
that time, the last two years, through the 
taking into the system of a considerable 
number of suburban towns, we are now 
operating in the vicinity of 6,000 incandes- 
cent street. lights in 25 and 32-c.p. units. 
We have felt the competition of the Wels- 
bach system of lighting, and the improve- 
ment which has been brought out in that 
line has given us a close shave in a few 
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cases, although I am glad to say we have, 
generally speaking, held our own very 
well. The method of incandescent light- 
ing, as generally practiced, must certainly 
be recognized as old-fashioned and in no 
way up to date;—the old “gooseneck,” 
while having the advantage of simplicity 
and cheapness, has little else to recommend 
it. The enameled reflector makes an ex- 
cellent watershed, but so far as being a 
reflector, there is little to be said in its 
favor. The whole subject is. one which 
we are trying to study with a good deal 
ef care. The fixture and bracket, and 
whether to mount them on existing poles 
or on poles of their own, and the reflector 
proposition—these are certainly two prob- 
lems warranting very close consideration 
and attention. By all who are interested 
in that line of lighting the 6.6-ampere lamp 
is a generally accepted standard, on account 
of there being more or less arc lighting in 
the centers of towns in connection with in- 
candescent lighting, and we are practically 
obliged to hold to what has been spoken 
of as the higher current—currents higher 
than- we probably should hold to, if it were 
not for the arc light feature. 

The paper describing the system in Los 
Angeles is certainly very interesting, and 
it is easy to understand how the lighting 
effect and the artistic effect must be very 
interesting; but the amount of energy per 
foot of street is certainly very unusual. 
The system is one which we would be 
glad to see introduced from the standpoint 
of selling current, if we felt we could sell 
current on such a basis. I have noted with 
some interest the method of controlling the 
lights along the Los Angeles streets. I 
assume, of course, this lighting is all from 
the multiple low-tension mains, supplying 
at the same time commercial service. 

Mz: T.. J. -Litle,:Jr.:—In regard to the 
candle-power of a Welsbach mantle, it is 
a very conservative figure to place 20 can- 
dles* per cu. ft. of gas as the actual light 
given by the mantle; in other words, on 
the new burners which are now being used 
and where the controller just under the 
burner is set for 3 feet of gas, it is per- 
fectly possible to get 60 candles, and it 
frequently runs over that; and unless the 
gas is very poor, ‘this will always be the 
ease. 1 do-not think [ know ‘of a place 
where it runs: below. That 1s: an actual 
reading and not merely an advertised can- 
dle-power. You have probably seen the 
candle-powers of mantle lamps given as 
high as, say, from 100 to 300 candles, but 
as a matter of fact a good, conservative, 
safe basis is about 20 candles per cubic foot 
of gas consumed. With the ordinary house 
burner we burn a little more gas than that, 
say 4 to 5 feet, but that same figure will 
apply. When I say that I do not mean the 
measured candle-power of the new mantl:, 
because when we measure the candle-power 
of the new mantle we get considerably 
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more than that; but that is a good average 
candle-power throughout the life of the 
mantle, and I have seen an efficiency of 25 
candles per foot on new mantles. That de- 
pends on the mantle, on the structure of 
the mantle, and the length of life. Wauth 
the newer high grade of mantles the can- 
dle-power life has been considerably in- 
creased. An incandescent mantle, much 
like an incandescent electric lamp, can be 
made good or poor. The process emp!oyea 
in the cheap mantles is to take a cvtton 
web, and give it a very light impregnition; 
then almost all the fluid is squeezed out 
in the wringers, and consequently you have 
a very fragile mass depending from the 
loop, which can be compared with the cheap 
incandescent lamp. 

Speaking of reflectors for street lighting, 
I do not see any particular advantage. in 
using the reflector. What should be de- 
sired is a rather uniform illumination along 
the street. I do not think bright spots of 
light are good, and consequently the re- 
flectors that I have seen throughout the 
country could hardly be called efficient for 
the illumination of the street. I was in 
Toronto the other night, and I saw some 
reflectors there on the gas lamps which 
were really reflectors for street lighting, as 
they threw the light up and down the 
street. There is more reason in this than 
in case of the reflector throwing the light 
horizontally. 

In incandescent mantle lighting, as I said 
here at another meeting, there has been 
a change during the last year in the color 
and character of the mantle. The old man- 
tles, which you still see in large numbers 
and which give that greenish-white light 
that was so objectionable, are gradually 
Gisappearing, and if you will observe, you 
will find they are gradually being replaced 
by what we call the mellow white lights, 
which are richer in the reds and oranges. 
These mantles are more satisfactory. It 
is very hard, however, to educate the pub- 
lic to that way of looking at the proposi- 
tion. The mantles made in that way are 
more durable, are tougher and also main- 
tain their candle-power a great deal long- 
er. At the end of I,000 hours, one of these 
mantles will probably measure 75 per cent. 
of the initial candle-power. That is a good 
average—a loss of 25 per cent. in 1,000 
hours. 

Mr. C. A. Barton:—I was very much in- 
terested in Mr. Westermaier’s remark about 
the test by the gentleman in New Haven. 
Such information is onlv valuable when 
the conditions are fully given. It is quite 
possible that-this gentleman might have 
made these tests with the Welsbach gas 
mantle, but before the data have any value 
whatever, you must know the pressure con- 
ditions, the condition of the glassware, the 
height of the lamp, etc. All of these: are 
factors, so that a statement like that made 
has little value unless the conditions are 
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standard for each particular unit consid- 
ered. 

I was also interested.in Mr. Litle’s re- 
marks about the candle-power of the Wels- 
bach mantle. There, too, the neglects to 
state the pressure. We must have the 
pressure, as the light is a function of that. 
Any statement about the comparisons of 
lamps should always: be accompanied by a 
statement as to conditions. A great many 
people do not bear that in mind—even en- 
gineers—and they thus receive erroneous 
impressions as to different illuminants; we 
as engineers always ought to be careful to 
state the conditions of tests. 

Mr. W. D’A. Ryan:—I think the Los 
Angeles situation is very interesting, and 
perhaps we can better realize the extrava- 
gance of the illumination when we consider 
that ordinary street lghting with lamps 
placed from 250 to 500 feet apart, ordiuary 
arcs,-run from 1 to’2 watts per street foot: 
I think that Fifth avenue runs.to about 3 
watts, but that is a very good light. Buf- 
falo and a few other places come up around 
5, but when you jump to 25 or 30, it is a 
very long leap. . 

Speaking of the distribution from reflec- 
tors for incandescent lighting, there is no 
question that the present street reflector is 
of very little value except as a watershed. 
As to the question of the candle-power of 
the gas mantle as compared with the in- 
candescent lamp, if the mantle is just the 
least bit tapered, the maximum will come 
about 10 degrees above the horizontal. We 
are making a very extensive series of tests, 
comparing street incandescent with gas 
mantles. I cannot now state definitely just 
what the relation is between the two, but 
we are measuring them in in various cities 
in service under practical conditions. I 
can say this, without being very definite, 
that between the 60-c.p. mantle in its abil- 
ity to throw light down the street, will be 
the equivalent to between the 25 and 30- 
c.p. incandescent electric. 

Mr. Victor A. Rettich:—I wish to call 
attention to one of the main streets of New 
York City as an example of what I con- 
sider fine illumination—Manhattan avenue, 
which is lighted entirely by gas. I do not 
know the distance between the lights. I 
would like all of the gentlemen here who 
have not seen the lights on Manhattan ave- 
nue to go up there and inspect them. I 
would like to ask Mr. Westermaier, first of 
all, the approximate life of the mantles; sec- 
ond, the duration of the wires—whether or 
not the wire supports do not burn out long 
before the life of the mantle is ended; 
third, whether the use of the metal chim- 
ney increases the candle-power of the man- 
te, or whether it is simply used as a means 
of protection while the globes are being 
cleaned; and, fourth, whether the use of 
anti-vibrators has been entirely abandoned. 
I would also ask whether any serious ob- 
jections to the use of clear glass chimneys 
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has arisen, in so far ‘as increased candle- 
power can be obtained with but a slight 
increase of gas consumption. 

Mr. Westermaier:—The enameled chim- 
ney which we suspend from our lamp does. 
increase the draught in the mantle. As far 
as the glass chimney is concerned, we use 
so little glass that a chimney does not 
necessarily increase to a great extent the 
efficiency of the mantle itself. There are 
a number of objections to the use of .a 
chimney on a street lamp, but there are 
also a number of advantages to be gained 
by the use of a chimney. In the first place, 
by putting a glass chimney on a street 
lamp, you increase the protection against 
draughts. Where the pressure is low, the 
chimney is indispensable. Where we have 
to deal with pressures under two inches we 
cannot get along without chimneys and’ 
produce good results. Of course, the chim- 
ney requires considerable care to keep it 
clean. We insist it shall be kept clean, and’ 
that entails additional expense. 

As to the average life of the mantle, it 
depends a great deal on the way the pole 
is set into the pavement, and it is very hard 
to give an estimate of the average life of 
the mantle. As to the burning out of the 
wire supports, we-are now using a nickel 
wire support which is giving us very good 
service. We used to have a great deal of 
trouble with the iron supports from an 
iron oxide forming on the top of the man- 
tle, which would in time grow so large 
that it would cause a breakage; but we do 
not have any trouble with the nickel wire 
supports. The use of chimneys abroad I 
think is mostly in connection with high: 
candle-power lamps. They carry lower 
pressures over there than we do here. We 
use chimneys almost universally where the 
pressure is low. 

Mr. Litle:—Mr. Barton asked whether 
the pressures were considered when the 
test was made-to which I referred. The? 
standard pressure in laboratory tests of 
incandescent gas lamps is 2 inches water? 
pressure, a little over an ounce. We took” 
that standard, as you would the standard 
of 110 volts in electric lamps, and usually” 
we make no mention of the pressure in off- 
hand remarks. Of course, with increased 
pressure we can get increased efficiency. 
‘there are lots of devices for increasing the 
efficiency of incandescent lamps. 

Mr. Barton:—My remarks referred to 
Mr. Westermaier’s statement of curves 
plotted by the gentleman from New Haven. 
They are of no value unless that gentle- 
man had control of the pressure of the 
electric current and the Welsbach current. 
They would not be comparable unless the 
pressure was standard, and the pressure 
properly under control. 

Mr. Westermaier:—These tests .were 
made during the competition for the street 
lighting in New Haven; there were certain 
competitive bids presented and Mr. Hop- 
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kins, who made the tests, is superintendent 
of lights in New Haven. 

Mr. John Campbell:—In regard to the 
tests referred to, which were made by Mr. 
Hopkins, is not the whole question in- 
volved in the further question of the use 
of the eyes in the photometer? You hear 
in a discussion of street lighting a great 
deal said regarding the candle-power, from 
either the gas or incandescent electric light, 
when as a matter of fact it is not candle- 
power we are after, but the area to be 
lighted; and the area for street lighting is 
different from that for interior illumina- 
tion. It is well enough to speak of candle- 
feet in interior illumination, but it seems 
to me in street illumination it is the case, 
father, Of .meastiremrent. of area; some 
more accurate means of measurement is de- 
sirable than simply using a newspaper clip- 
ping and the eye, for the gentleman who 
made the test might have happened to have 
eyes different from those of some one else, 
and another person making the same tests 
under the same conditions, as far as the 
eye is concerned, might arrive at entirely 
different results. This society should take 
up the question of street lighting; in my 
experience with different municipal com- 
mittees, I found that there is not a great 
amount of accurate data available. There 
are certain standard conditions which this 
society should work out and have adopted 
as standards in street lighting measure- 
ments. 

President Marks:—I think the rem:rks 
made by Mr. Campbell with reference to 


the use of the photometer in the measure- : 


ment of street illumination is very apt. 
After all, we cannot take a newspaper and 
assume that because one man can see the 
print better at a certain distance with one 
light than he can with another light, that 
one light is stronger or weaker than the 
other, so far as its value in illuminating 
the street is concerned. This is a very 
old question. The rays of the spectrum, 
starting from the red and going to the vio- 
let, do not affect the photometric measure- 
ment in proportion to their strength. The 
yellow rays of the spectrum enable us to 
-read the newspaper better than the shorter 
wave lengths at the violet end of the spec- 
trum, whereas in many cases, particularly 
in suburban illumination, we may want 
some rays corresponding to the shorter 
end of the spectrum. If it comes to a ques- 
tion of bringing out the natural color of 
the objects, there is no doubt you need the 
waves at the violet end of the spectrum 
and not those at the yellow end. A study 
of this subject is one that I certainly hope 
the society will go into. As Mr. Campbell 
has remarked, there is a notable lack of 
available data bearing on street lighting, 
and now that we have opened the subject, 
I hope that this fall or winter we shall 
hear from those of you who care to give 
us some further data on the subject. 


cluster the units. 
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Mr. Rettich:—Some well-known engi- 
neers on the other side made certain ex- 
periments in Glasgow and Edinburgh to 
find out the actual candle-power in the 
street at the height of a person’s face. The 
results of their investigations are fully re- 
corded in the Journal of Gas Lighting, but 
the exact date I do not remember. 

Mr. E. L. Elliott :—The inefficiency of the 
street lighting by incandescent lamps in 
Los Angeles has been dwelt on somewhat. 
If you will look at the figures in the paper, 
the cause of it will be very apparent. The 
designer here has evidently designed a 
beautiful pedestal and incidentally put 
some lamps and globes on it. So far as 
the illumination is concerned, it has all the 
faults it could have, I think. In the first 
place, there is a very heavy support, with 
a projecting saucer, under each of the 
lamps, with the lamps clustered so that 
they are in the way of one another, and 
are covered with opal globes. The mere 
fact of their being clustered is illogical 
from the point of view of the illuminating 
engineer. That is perhaps to be traced to 
the effect of the use of the arc, and the 
various sins against illuminating engineer- 
ing for which the electric arc is respon- 
sible are many. The chief of these is the 
tendency which has existed ever since its 
advent to use very powerful units, units of 
high total candle-power, and where that is 
impossible with a single source of light, to 
To illustrate the point 
in mind, I will refer to Manhattan avenue, 
which Mr. Rettich speaks of as being well 
illuminated, as it is. What would be the 
effect if you took seven incandescent lamps 
and stuck them all together on one post 
and took out six of the intervening posts? 
That is what has been done here. The 
effect is handsome; if they merely wanted 
a handsome effect they have got it. But 
when it comes to illumination, if they 
would distribute the lamps the effective il- 
lumination would be much better. There 
is a certain air of festivity given by a num- 
ber of lamps in clusters, which high-power 
sirigle lamps do not give. The boulevards 
of Paris are lighted with strings of flat 
burners, but there. are so many that the 
effect is that of a well-lighted street. 

As to reflectors, it is not desirable in 
street lighting to obscure the source of 
light entirely, because one should not 
neglect, especially in incandescent street 
lighting, what may be called the beacon 
light effects. Showing the light itself is a 
good part of the lighting; otherwise it 
would be possible to construct a reflector 
to give almost any illumination on the 


_ street you please. 


Mr. F. W. Willcox :—I am sorry that the 
discussion has not brought out to-night 
from those who are familiar with the prac- 
tical end of this work, interesting details 
as to their experience in the sizes of lamps, 
height of lamps, distances between lamps, 
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etc., necessary for street illumination. In 
urban districts, suburban roads, etc. I want 
to endorse Mr. Elliott’s comments on the 
lighting of Los Angeles. Of course, from 
a lamp man’s standpoint, that is a fine 
thing. There never was a more extrava- 
gant street illumination from incandescent 
lighting, using so many lamps, and there- 
fore we perhaps ought to endorse it; but 
I am very much surprised at the character 
of the installation and the unnecessary ex- 
travagance in the use of lamps. The use 
of six 32-c.p. lamps massed on one pole is 
very bad, not only from the lighting stand- 
point, but from the lamp standpoint. The 
loss of light due to the heating effect in- 
side of the clusters is very bad and must 
consume many lamps. Furthermore, the 
use of ground-glass globes must entail a 
loss of from 20 to 25 per cent. of light, re- 
ducing materially the efficiency of the 
lamps; and it seems so strange that elec- 
tric lighting, which we all know is very 
convenient for distribution—simply a wire 
connection to a pole and you have your 
light—should be from lamps massed at 
points instead of distributed along the 
streets. There is some excuse for gas 
lighting where connections have to be made 
to pipes, for not distributing very fre- 
quently, but with incandescent lights there 
can be no such excuse. The very ease and 
inexpensiveness with which the lights can 
be distributed at frequent intervals should 
lead to their use that way instead of mass- 
ing them as described in the paper. 

President Marks:—In connection with 
the proposition to collected data on the sub- 
ject of street lighting, it occurs to me it 
might be a good idea to appoint a commit- 
tee to investigate the subject of ‘street 
lighting and to gather reliable data in con- 
nection therewith; this committee to serve 
for a certain period of time and report to 
this society the results of their delibera- 
tions in a regular committee report. 

Mr. A. A. Pope:—I want to call atten- 
tion to the fact that we have just such a 
system of street lighting as that of Los 
Angeles within two blocks of this building. 
I think almost the same identical fixtures 
illustrated in the paper are in front of the 
Hotel Imperial, spaced about 25 feet apart, 
and any one interested can see those lamps 
in operation this evening. 

President Marks:—You will find the 
same idea in the arrangement in front of 
the Hotel Astor. 

The meeting then adjourned. 





DISCUSSION OF THE SAME PAPERS 
BEFORE THE NEW ENG- 
LAND SECTION. 


Mr. Cowles:—The papers before us to- 
night are of especial interest to those who 
have to do with the question of illuminat- 
ing our streets. The question is of. es- 
pecial interest to the men of the Edison 


Company just now. Until within about two 
years, the subject of street incandescent 
lighting was not of great moment to us, 
but during the last few years, due to 
suburban expansion, we have got so that 
we are Operating in the vicinity of 6,000 
incandescent street lights, and the question 
becomes one of marked importance to us. 
We are now studying the problem with 
especial reference to possible improvement 
in efficiency and artistic results. While it 
is to be presumed, of course, that it is light 
and illumination that the town is paying 
for and therefore demands, the question of 
artistic appearance has been brought more 
and more to the front, and of course in- 
this respect we must admit that the gas 
interests have gone somewhat in advance 
of the electric. We have been quite in- 
terested of late in a comparison between the 
candle-power results of the gas arcs and 
electrics. We have found that in those 
places where the gas lamps are maintained 
at the point of highest efficiency, where 
the mantles “are” kept inthe nosh apete 
date condition and the lamps kept regulat- 
ed to the best results, it is quite possible to 
obtain practically the 60 candle-power 
claimed; but otherwise, when we take the 
gas lamps as we find them throughout a 
town, measuring not only the few lamps 
at the corners of the principal streets which 
have been kept up and received attendance 
far in excess of the average lamps, but 
also those on the side streets in less im- 
portant locations as well, we find that the 
average figures take a very decided drop 
from the 60 candle-power that we hear 
about. Tests have shown that the average 
results of the gas-mantle lamps are very 
close to the average results of incandescent 
lighting, using 25 to 32-c.p. lamps...) Gf 
course we have felt the competition of gas, 
but I am glad to say that we have almost 
without exception held our own in a very 
satisfactory manner. The question of units 
—the most desirable candle-power for use 
for street illumination—is one which is de- 
pendent somewhat upon local conditions as 
well as upon the amount of money which 
the town or city feels able to appropriate. 
It goes without saying that better results 
are “obtained with a larger number of small 
units than with a lesser number of larger 
units; and the tendency in our case has 
been toward the 25-c.p. lamp, although we 
use a 32-candle-power in many places. The 
20-c.p. lamp is not common except in a few 
of the smallest places, and it seems to us 
that 25 candle-power is as low as any from 
which good results can be obtained. The sys- 
tem described in Los Angeles is very inter- 
esting, and we can appreciate must produce 
very artistic results; but from an electrical 
or illuminating engineering ‘standpoint the 
system is, we might say, absurd. To think 
of clustering 1,520 watts in each pole—the 
amount ot energy equivalent to an arc lamp 
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at every 25 feet—is extravagant in the ex- 
treme. Those of us in the central station 
business would doubtless be very glad to 
sell current on that basis, but I am afraid 
there are very few places in the East where 
we could expect to dispose of current in 
such liberal quantities. The clustering of 
six 32-c.p. lamps inside of one globe, with 
the resulting confinement of heat and there- 
fore great reduction in the life of the 
lamps, together with the reduced light due 
to the opal globes, is certainly a remarkable 
procedure from an engineering standpoint. 
‘The clustering of the lamps in such a way 
as to make more or less interference—that 
is interference of the lamps with each other 
in the shape of shadows—is surprising; and 
while of course the result must be artisti- 
cally pleasing and so far as light is con- 
cerned, cannot help being satisfactory, yet 
the system certainly does not present good 
practice and is not one that could’ generally 
be recommended—certainly not in this part 
of the country. We are unfortunate in not 
having Mr. Wilcox’s paper before us to- 
night. Mr. Wilcox’s paper, as presented 
at the New York meeting, was a very in- 
teresting and optimistic forecast of the 
good results to be obtained from the 
graphetized filament of which we are hear- 
ing so much as applred to the series lamp. 
While of course that lamp is very young 
and the data of results obtained from the 
lamp thus far are small and incomplete, 
yet the lamp does promise to produce mark- 
ed progress and advancement in economy 
and in efficiency of light. 


Mr. Sargent :—All I can say in regard to 
the new lamp is that we have put 200 very 
recently on test, and so far have got good 
results. After this test is completed I can 
probably give you a good deal better idea 
of the performance of the lamps. In re- 
gard to the candle power of lamps, I think 
that is something that 1s going to be chang- 
ed. We have something over 3,000 lamps 
in‘use of 25 candie power. 
candle power has been standardized here in 
New England more than elsewhere. I do 
not think myself that it is high enough. | I 
think the lamp that should be standardized 
for street lighting is the 4o-c.p. lamp; for 
general illumination for streets it would be 
preferable and give better distribution. We 
are about to endeavor to get data on street 
lamps. I have been having several photo- 
graphs taken of incandescents in street 
lighting in other towns and also of gas 
street lighting, and for further information 
we are starting this week to have readings 
taken on all candle powers, 25, 30, 40 and 
65-candle-power, of the new high efficiency 
units under commercial test in the streets 
in residential districts, etc, to’ show the 
different illuminations at different distances, 
so as to get some results of practical value. 
I think there is one thing we neglect and 
which was also neglected at Los Angeles, 


I think ‘that. 


and that is, to get the useful light from 
the lamp, which is not done because they 
are put up at the side of the street and 
they give more light on the sidewalks and 
houses than in the middle of the street. In- 
candescent lamps are usually placed out on 
the sidewalk so that you get more light 
on the street; and while they are not so 
ornamental, I think it is preferable to have 
more light rather than ornamental light. 
We are also going to make tests on that 
point. I think after we get these tests com- 
pleted,.as I hope to by next month, that I 
can have considerable information to give 
on that point. 


Mr. Sands:—I think there is one thing 
we have got to take middle ground on, and 
that is the artistic question. I think we 
must all admit that when it comes to the 
appearance of the lamp on the street, the 
gas people have us beat out; and in Haver- 
hill when it came to the question of a new 
street lighting contract, the strongest argu- 
ment put up against us was the disfigure- 
ment of the streets—that we could not fur- 
nish as ornamental a street fixture as the 
gas people. Now as to what Mr. Sargent 
says, I believe we have got to strike a 
middle ground somewhere and if we are 
going into residential street lighting we 
have got to design a street fixture which 
can be made to carry the illuminated street 
names and which will furnish a more artis- 
tic appearance, veven= it dts at the “cost of 
a reduction in efficiency. 

Mr. Barnes:—I would like you all to 
come to Providence and see a fixture we 
use there. We adopted a very ornamental 
bracket. Of course itecost a good deal, but 
we believe it is far ahead of any gas lamp 
that has been installed on any street. The 
fixture cost is about $3.50, without the re- 
flector. They are put on every other pole, 
which brings them about 250 feet apart. 
In the towns they are from 200 to as much 
as 600 feet apart; but we have found that 
if put about 600 feet apart the space is after- 
ward filled in by men who want a light, 
and the number of lamps has grown very 
rapidly. -lhére as hardly a month in. the 
year that we do not have orders for two 
or three hundred. We have not discover- 
ed 0: tharethat there, as much «profit. in 
operating series incandescents. We run all 
night and the town only runs until twelve 
o'clock with their lights. Perhaps we es- 
tablished too low a price at the start. 


Mr. Brown’:—Something occurs to me in 
connection with’ this high efficiency lamp, 
and that is the maintenance of candle 
power. Of colirse, it is a well-known fact 
that in an incandescent lamp the candle 
power depreciates for several reasons. In 
any lamp there is also a blackening of the 
bulb and change in the filament. In the 
metalized filament series lamp, being for 
constant current, the current does not vary. 
In regard to change of composition of the 
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filament, that does not seem to cut very 
much of a figure and it is a peculiar fact 
in regard to this new lamp that is does not 
blacken. In fact I have seen some measure- 
ments quite recently of series lamps which 
showed a wonderful holding up of candle- 
power with considerable length of life. I 
think that is a condition that should be 
taken seriously into consideration with this 
new lamp. 


Mr. Sands::—In regard to these lamps, I 
think the reflector part has not been given 
consideration. The reflector as used on in- 
candescent street lighting is of no use at 
all. I know we keep ours painted white but 
they are of a curved nature and from eight 
to ten inches from the lamp and have very 
little effect. J think there is a great field 
for a new reflector that will throw upward 
rays at least to a horizontal, not simply 
down; and I believe that something is being 
done in that matter and should be thought 
of a good deal in connection with the series 
incandescent lamp, as the present reflector 
is not really ornamental or effective at all. 


Mr. Brown:—There is one scheme of 
street lighting that has been called to our 
attention, though I do not wish to comment 
on it much either way, and that is the 
scheme used by the Hartford Electric Light 
Company. They have 4o-c.p. lamps in con- 
nection with ordinary Holophane reflectors. 
The lamps are set at such an angle that 
one lamp throws a light up the street and 
the lamp behind it throws its light in the 
reverse direction. It certainly gives an 
immense amount of light up the middle of 
the street. Whether it gives too much 
light and has practically the effect of an arc 
lamp in the eyes to people driving carriages 
I cannot say; but it certainly to my mind 
shows what can be done by means of some 
suitable reflector of some kind. I think 
there is a good deal of meat in the scheme 
adopted by the Hartford Company. 


Mr. Cowles:—The metalized filament of 
the General Electric Company that is being 
brought out is simply a metalized instead 
of a carbonized filament. It is identically 
the same in its early principles,—that is, 
starting with the same material practically, 
but is treated by different processes so that 
the filament, instead of being carbonized, is 
metalized. It took us some time to believe 
that the filament was a metalized filament. 
We were inclined to think that metalizing 
was something we could use in argument, 
but we finally had to believe that the car- 
bon structure had been sufficiently changed 
as to make it partake at least of the nature 
of metals. The lamp put out at an efficiency 
of 2.7 instead of 2:5 watts, which is the 
efficiency point adopted for the multiple or 
ordinary lamps. ‘That efficiency is subject 
to modifications as may be found desirable 
or necessary from results. They have aim- 
ed to strike a medium between the 2.5 and 
the 3.1 watt standard. Of course, the lamp 
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is new and like all new developments, it 
does not jump into the stage of perfection 
at once. 


Mr. Robinson:—There is one thing I 
would like to speak of. I have heard a great 
deal of praise for the Providence fixtures. 
I have been in Providence within three days, 
and there were two things that impressed 
me about these fixtures. The first was the 
proportion of the shade or the reflector to 
the fixture .itself, and the other was the 
method.-of attachment to the pole. It did 
not seem-to. me that the design of the 
fixture lent itself very well to attachment 
to the pole.; I; do’not speak of this in a 
critical way, but these are the two things 
that struck me—first that the shade was too 
small and looked like an acorn on an oak 
tree; and, second, that the fixture was 
plastered on the pole and did not set very 
firmly. 

Mr. Barnes :—As to the attachment to the 
pole, of course it is put on in a very sub- 
stantial manner, certainly so as to stay 
there. The reflector itself, I think, is larger 
than the regular General Electric reflector. 
We are using a collar on the top of it. The 
top part of it, which used to rust out pretty 
badly, we have replaced with copper. 


Mr. Robinson :—I think Mr. Barnes takes 
my criticism a little differently from what 
I meant it. I spoke entirely of proportional 
lines. The fixture may be very firmly at- 
tached to the pole, but the design of the 
fixture does not lend itself so as to suggest 
a permanent attachment. The idea I meant 
to express 1s that something in the way of 
arc lamp fixtures here in the city of Boston 
might be well. They go out of the pole 
and drop over. This thing comes down 
and crawls around and is caught under the 
pole. The artistic point is what I was’ re- 
ferring to rather than the mechanical. 

Mr. Woodward:—The matter of the 
acorn like appearance of the reflector is 
really the appearance of the insulator back 
of the reflector, which is quite large and is 
really a large truncated cone, the reason of 
its size being originally and at present that 
the lamps, being operated in series on cir- 
cuits of considerable length, the difference 
of potential at the terminals of the circuits 
quite high; we found more or less trouble 
with the lamps grounding and we use a 
very heavy and very thick insulator. It is 
possible that it has distorted somewhat the 
appearance of the fixture, but otherwise I 
am conceited enough to think it is fairly 
attractive. I will accept the criticism on 
the acorn appearance above the reflector. 

Mr. Cummings:—It occurs to me that 
there may be something in the fact that was 
brought out during the last meeting with 
regard to the illumination of a lamp not 
being entirely dependent upon the candle 
power, but possibly may depend also on 
the color of the light. That possibly also 
applies to the. fact that the incandescent 
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mantle lamps give very good satisfaction. 
Is it not possible that it is not all in the 
candle power—that the value of the light 
depends somewhat on the part of the 
spectrum the light appears in? There is 
another thing that has been brought to my 
attention, although I have never had a 
chance to look into. I notice in compara- 
tive photographs of lighting by mantle 
lamps and by incandescent lamps, there 
- seems to be a wider discrepancy in the 
photographs than is noticed with the eye, 
and it occurred to me that possibly the 
effect on the negative film was not in pro- 
portion to the candle-power but dependent 
on the color of the rays. 


Mr. Sargent:—I would say in regard to 
the photographs we have taken on street 
lighting, that whereas it is a well known 
fact that Welsbach lighting should show 
better illumination in the photograph than 
the incandescent on account of the orange 
Trays, on 25-c.p. street lighting of the same 
spacing, taken the same night on two streets, 
the incandescent of 25 candle-power showed 
better illumination than the Welsbach in 
the photograph. 

Mr. Woodward :—The comparative value 
of Welsbach and incandescent street lamps 
is very well illustrated on a foggy damp 
night when there is considerable suspended 
moisture in the atmosphere. Then the 
carrying power of the electric incandescent 
lamp assert itself; with two lamps of a 
given candle-power, a Welsbach and an 
incandescent lamp, on a. foggy, damp night, 
the electric lamp will have much greater 
carrving power and give.a better illumina- 
tion for any given distance than the Wels- 
bach lamp of the same candle-power. 

Mr. Sargent:—I spoke of this matter of 
photographs only to show results where 
photographs are compared of incandescent 
lighting and Welsbach lighting, where an 
opinion is usually formed from photographs 
that one is better than the other. I was 
very much surprised to see the results we 
got, but I would say that this was with the 
new lamp and with the old type of lamp 
we thought it was fully as good. We also 
have made photographs with a 50-c.p. lamp 
and there was no comparison at all. As I 
said before, the 25-c.p. incandescents were 
better than the Welsbach. 


Mr. Campbell:—Is it not a fact, gentte- 
men, that in the matter of street illumina- 
tion a good deal of it is ancient history. 
Somebody in the past. has made grevious 
mistakes and we have been following copy 
ever since; and in present day illumination 
should we not consider the area lighted 
rather than the candle-power values? It 
should be the carrying value through fogs 
and different atmospheric conditions and 
also the even distribution of light through 
the streets; that is, not particularly bright 
spots and then running into dark spots, etc. 
That, unfortunately, here in New England 
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certainly and in other places worse than 


New England, is characteristic of the pres- 
ent-day street lightng,—not that which we 
are coming to, but that which exists to-day 
here. Of course in street lighting we have 
the city and town portions—the residential 
and the business sections—to deal with. In 
the matter of residential lighting, in a great 
many cities you will find an arc light at 
one corner. This is very beautiful, but you 
get down the street a little and there is no 
light at all; if there is, it is a mantle burner 
lamp, and your eyes have been dazzled by 
the arc so that you can hardly get any 
benefit out of this; whereas if it was a 
smaller unit of arc and a greater number 
of them, there would be much better dis- 
tribution, and it seems to me we would be 
getting nearer the true street lighting than 
on a. candle-power basis. 


Mr. Cowles:—I think that question of 
uniformity is most important and for that 
reason! cannot agree with Mr. Sargent that 
the 40-c.p. lamp should be standardized. I 
believe that a large number of small units 
will give better results than a small number 
of large units, assuming the same total 
candle-power. I believe that for suburban 
lighting far better results are to be obtain- 
ed from the smaller units placed more fre- 
quently on the street. We surely have all 
noticed in riding and driving at night the 
better service from smaller units placed 
near together than from larger units placed 
at greater distances, and therefore a greater 
brightness in each one. I believe that re- 
sults would be better, if instead of having 
two lamps placed on the same pole back to 
back with reflectors back of each lamp for 
throwing light in opposite directions, as at 
New Haven, to distribute those lights along 
the way at smaller distances. I do not un- 
derstand just what the standard is in Provi- 
dence. Of course the question of size of 
the pocket-book has a great deal to do with 
it, and, as the chairman said, we must dis- 
tinguish to a certain extent between city 
lighting and suburban lighting. 


Mr. Sargent:—In regard to the number 
of lamps, I agree with Mr. Cowles that the 
more small candle-power lamps you put in 
nearer together the more equal distribution 
of light you will get. At the same time 
the cost of installation and maintenance 
must be ascertained and has a bearing upon 
what is the best candle-power lamp to use. 
The cost of small candle-power lamps of 
course multiplies the installation cost. If 
you can cut that down one-half, that makes 
iust so much difference and there is a point 
at which the thing has got to stop. That 
is why I said 4o candle-power. 32 might 
be better, but I do not think a 25 is large 
enough. There is another consideration, 
and that is the Welsbach light. We want 
to get a lamp that will compete with that.in 
every way. I have seen streets lighted with 
16-c.p. lamps put on opposite poles on each 
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side of the street. It made beautiful illumi- 
nation; you could not ask for anything 
better; but I think the street could have 
been lighted at a good deal less mainte- 
nance cost and first cost and given satis- 
faction. In regard to location, the incan- 
descent lamp should be out at least four 
feet from the sidewalk line. Residential 
streets do not usually have car lines, and 
you get enough light from the four feet out 
to light the sidewalk. The Welsbachs in 
general lighting are on a line with the curb- 
stone. Residential streets are usually thick 
with trees and Weisbach lights in line with 
the trees cast large shadows across the 
street; that is one reason the distribution 
of lights shows up so poorly. Of course 
you might say that if the lights are out in 
the streets they will cast shadows on the 
sidewalk, but the sidewalk is a very narrow 
area compared with the street. 


A Member :—I have been much interest- 
ed in the remarks, and it seems to me it 
comes to this—how much will the one who 
pays for it expend—whether it be the 
municipality or the installing company. 
Nearly all of the propositions in regard 
to making a better lighted street have been 
in the line of a bracket on poles. Nothing 
has been said about the lighting in residen- 
tial districts where such things are not pos- 
sible. We have to compete with the Wels- 
bach standards set on the streets where 
there must be underground lines. I would 
like to ask if anyone here knows of such an 
installation as that and how much its costs? 
We have heard in this paper about Los 
Angeles lighting, something which in a city 
like this is absolutely prohibitive—the 
poles costing $100 each and an enormous 
amount of copper beams used to furnish 12 
amperes per pole at 110 volts. The only 
thing to complete the farce in my estimation 
was that they should have added a station 
man and cable manufactory. It seems 
like pushing a good thing, and such a thing 
as that is out of the question in a city like 
this. I am of the opinion that uniformity 
of light with a decent fixture is what we 
ought to have without costing too much. 
We certainly ought to do something better 
than stick a piece of gas pipe out with a 
socket on the end of it. 


Mr. King:—I think that the proposition 
which the municipal man runs up against 
is perhaps a little different from what it is 
with the privately owned plant. My exper- 
ience has been that with the municipally 
owned plant the limiting factor is more the 
station equipment than anything else. The 
town is willing to install a great many 
lights but they do not care to put in the 
station. equipment for supplying those 
ights; whereas the city when lighted by a 
private company, makes a contract for what 
additional street lights it desires, and the 
company, itself stands the installation cost. 
When you add to the running expense the 


installation cost for new lights, it makes 
it look a great deal larger. For example, 
if in one of these cities where they have a 
private company, the city wishes to add 
10, I5 or 20 lights, they simply add to their 
appropriation the sum of money necessary 
to cover the operating of that number of 
lights; but where it is a municipal installa- 
tion, about every time the city or town in- 
creases the plant, they will increase the 
number of street lights until they have the 
plant loaded, and then when more lights 
are needed they have not only got to run 
the lights, but put in more apparatus to 
supply them. I have had occasion several 
times to go into the town of Ipswich, which 
has a municipal plant. They have not an 
arc lamp in the entire town, which is lighted 
with 16-c.p. incandescents. In the main 
part of the town these lamps are placed 
on every pole, and one gets away from 
the more thickly settled part of the town, 
they go on alternate poles to the town 
limits. making the lights roo feet apart 
approximately throughout the town. While 
there is no part of the town which is bril- 
liantly lighted, for a town to drive through 
it is one of the best I know of, and I 
think if the town will stand the installa- 
tion charges of the 16-c.p. lamp, two 16- 
c.p. lamps will be better than one 32-candle 
power, and that is especially true where 
there are a lot of trees. 


Mr. Robinson:—On this question as to 
how much the -town will spend and the 
question of spacing, perhaps some exper- 
ience I have had might interest the Society. 
This town was lighted by about fifty arc 
lamps and its streets were very heavily 
shaded by maple trees. There was con- 
siderable dissatisfaction in the summer 
time because there was no illumination ex- 
cept at the street. corners of principal 
streets. We made a proposition to replace 
each two arc lamps by nine 25-c.p. incan- 
descent lamps, which was accepted. The 
only condition we imposed was that the 
installation of new lamps should be within 
the established lines of the company. The 
result was-they received one incandescent 
lamp for each 200 feet and on outlying 
streets one for every 400 feet. 


Mr. Campbell :—It seems to me that our 
discussion to-night and the New York dis- 
cussion as well brought out the fact that on 
the actual facts in regard to this manner 
not only the town fathers but the central 
station men as well are groping in the dark 
trying to get the best illumination, and 
I think Mr. King’s question was a very 
pertinent one as to the proper spacing, and 
I hope this society as a section of the 
parent organization, which is doing the 
same thing, will get together by means of 
a committee or otherwise, and prepare for 
the fall such information for our members 
as possible and then put that information 
in the hands of a committee and have it 
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properly checked, so that when it goes out 
it may be information and not simply some 
one man’s experience but facts that can be 
used by our members or-anyone and which 
cannot be disputed. 


Mr. Cummings:—The thing that struck 
me tonight especially inasmuch as we are 
an engineering society, was that with one 
exception there has been nothing mentioned 
with regard to the curve of the particular 
lamp which is used to illuminate the streets. 
As 1s well known, the old arc lamp had a 
good curve for carrying wide distances be- 
cause its intensity was at such an angle 
that the old rule of the square of the 
distance lent itself to that. I notice in the 
paper on the Los Angeles system it speaks 
about the great proportion of the light that 
went up in the air, and it is possible that 
by getting a curve that would carry and 
distribute well we could get better illumi- 
nation and come within our province. An- 
other thing which leads me to think of that 
is the difference to the two incandescents 
with the Holophane shades which reflect 
the light, which seems to be in the line of 
engineering, putting the light where we 
want it. Engineering is taking what we 
have and making the most of it, and it 
seems to me when we are throwing a lot 
of light up in the air that we are not doing 
that. With the old Welsbach mantle there 
are very few curves in regard to that lamp 
I have run across. Most of them show a 
uniform spherical candle-power and that is 
not true of any incandescent lamp I have 
seen. The Welsbach throws a good deal 
up in the air. The question comes up 
whether by the use of Holophane globes on 
the Welsbach we might not get more of 
that light where we want it, and I wonder- 
ed whether the question had ever appealed 
to the electrical men, whether they could 
do something in that line for the incan- 
descent light. 


DISCUSSION OF THE PAPER ON 
«RESIDENCE LIGHTING,” BY 
J. R. CRAVATH, AT THE MEET- 
ING OF THE CHICAGO SEC- 
TION, MAY 7. 


Mr. John F. Gilchrist :—One of the prin- 
cipal things brought to mind by this paper 
is the great lack of properly designed fix- 
tures. Fixtures are now made without any 
idea of the lighting effect to be produced, 
but simply for ornament. We are now at 
about the same stage in illumination that 
furniture making was at the time when 
William Morris began to teach the world 
that furniture could be at the same time 
comfortable, useful and artistic. 

Mr. O:- J. Bushnell:—The man who 
owns his own home can arrange electric 
light fixtures to suit himself, but the one 
who suffers most from poor illumination is 
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the man in rented quarters. He had re- 
cently moved into a new apartment where 
one or two of the rooms had lighting well 
designed in accordance with the principles 
laid down by Mr. Cravath. In the kitchen, 
however, no electric light whatever had 
been provided. Upon commenting on this 
to the landlord he was told that it was a 
common thing for Chicago architects to 
omit electric lights in the kitchens of flats 
and apartment houses. He thought this 
a remarkable state of affairs if true. 

Mr. J. R. Cravath:—The kitchen should 
as a rule have the best general illumina- 
tion of any. room in the house, because it 
is a work room requiring good hight in a 
number of places. In other rooms in the 
house it is usually necessary to provide il- 
lumination in only one or two places, as, 
for example, for reading in the living room 
and at the dresser or over the bed in a bed 
room. In the kitchen there must be a good 
light in the whole room. 

Prof. P. B. Woodworth:—In designing 
the illumination of some 4o residences and 
apartment houses, in the case of residences 
there was no great difficulty in providing 
satisfactory arrangements to suit the own- 
ers as the requirements were fairly uni- 
form. In eight different apartments, how- 
ever, there were as many different ideas as 
to the uses to which the various rooms 
were to be put, and consequently no light- 
ing arrangements suited to one apartment 
could be duplicated in another. In the 
lighting of small bed rooms, where only 
one outlet is available, there was no way 
out of the difficulty but to use a portable 
bracket which could be hung on the wall 
in various parts of the room where it was 
needed. 

Mr. Cravath:—I agree with what Prof. 
Woodworth said about the usefulness of 
the portable wall bracket in bed room light- 
ing. Unfortunately there are few satis- 
factory portable wall brackets to be found 
on the market at present. This is a mat- 
ter to which fixture dealers might well 
give some attention. 

Mr. S. M. Bushnell:—There is a ten- 
dency now away from the old idea of keep- 
ing down expenses as much as _ possible 
with electric lights, since the cost to the 
consumer is being constantly reduced. It 
will be the province of such an organiza- 
tion as this to arouse demand for better 
illuminating arrangements. In the old days 
it was difficult to get a hotel keeper to con- 
sent to more than one outlet in each bed 
room, but times are now changing. There 
is a constant increase in the amount of 
light that is being used, both for useful 
and display work, as can be seen by com- 
paring our streets of to-day with those of 
ten years ago. This indiscriminate use of 
lighting units of hich intensity is having 
its effect on the evesight, according to the 
testimony of oculists, as brought out in 
Mr. Cravath’s paper. 
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Papers Read Before Technical Societies 


THE FLAMING CARBON ARC 
LAMP 


(With Special Reference to the Adapt- 
ability to Street Illumination in the 
United States.) 


By L. B. Marks. 


PRESENTED AT THE NAT Le ELEC (Las ASSN: 
CONVENTION, ATLANTIC CITY, JULY 5, 1906. 


Up to the year 1894 the only arc lamps 
used in the United States were those of 
the open arc type. In that year the com- 
mercial introduction of the enclosed arc 
lanip began and during the past ten years 
the gradual displacement of the open arc 
lamps by the enclosed arc has taken place. 
The manufacture of the open arc type of 
lamp as used in the United States was 
practically discontinued several years ago, 
and since that time the arc lamps made in 
this country have been almost exclusively 
of the enclosed arc type. 

The mean spherical candle-power of the 
open arc, operated at its best, is almost 
double that of the enclosed arc taking the 
same power. In spite of this difference in 
the total light flux of the lamps the en- 
closed arc displaced the old open street 
arc mainly because of the following ad- 
vantages of the former: 


_ First—Decreased cost of carbons and 
maintenance. 
Second—Greater steadiness. 
Third—Better distribution of illumina- 


tion. 

The lighting interests now have offered 
for their consideration another lamp of the 
open arc type, popularly known as the 
flaming carbon arc lamp. 

Let us examine briefly some of the char- 
acteristic differences between the flaming 
carbon arc, the ordinary open and the en- 
closed arc. ae 

In the open arc lamp, as commonly used, 
the carbons are solid and comparatively 
free from impurity. The arc is about one- 
eighth of an inch long, and the light ema- 
nates almost entirely from the incandescent 
points, less than Io per cent. coming from 
the arc itself. 

In the enclosed arc the carbons must be 
as pure as possible. The arc, as ordinarily 
operated, is about three-eighths of an inch 
long, and as in the case of the open arc, 
most of the light issues from the incandes- 
cent carbon tips. 

In the: flaming are lamp, on the’ other 
hand, the carbons are cored and mineral- 
ized, that is to say, provided with certain 
mineral substances either in the core or 


body of the carbon or both, which, when 
feeding into the arc, greatly increase the 
light-giving efficiency of the latter. The 
volatilization of the mineralized carbon 
produces fumes and a considerable quantity 
of ash, deposits of which are made largely 
in the portion of the lamp immediately 
above the arc. In the flaming arc lamp, 
unlike the open and the enclosed arcs, the 
bulk of the light emanates from the arc 
itself, only a comparatively small portion 
coming from the carbon points. In the 
lamp with the carbons co-axially ar- 
ranged, the length of the are is about 
five times that of the ordinary open arc, 


taking the same current and voltage, or 


about five-eighths of an inch. When both 
carbons are arranged to feed from above, 
the arc tends to creep up the sides of the 
carbons unless special provision is made 
for holding it in place, so that in all flam- 
ing arc lamps with inclined carbons, a 
magnetic field is provided in the lamp by 
which the arc is continuously blown down- 
ward, resulting in a long flame measuring 
one inch to one and one-half inch in 
length. 

Owing to the rapidity’ with which the 
carbons are consumed in the flaming arc 
lamps it has been found necessary to shield 
the tips as far as possible from “washing” 
of the air currents in the globe. For this 
purpose an “economizer” or chamber of 
highly refractory material is used, which 
surrounds the ends of the carbons (in 
lamps in which the carbons are arranged 
side by side) or encircles the upper car- 
bon (in lamps in which the carbons are 
arranged one above the other). 

The vapor which results from the burn- 
ing of the mineralized carbons condenses 
for the most part on the economizer and 
contiguous portions of the lamp casing. 
Sometimes a special form of condenser is 
provided to receive the vapor deposits. As 
the color of the condensed vapor is whitish 
the deposits above the arc assist in reAect- 
ing the light downward. The arc is ex- 
tremely sensitive to currents of air in the 
globe and to variations in the magnetic 
field and regulating mechanism of the lamp. 

The regulating mechanism is housed as 
completely as possible to prevent access of 
the fine ash and the destructive fumes from 
the arc. It is not deemed necessary to give 
the details of the regulating mechanism of 
the various lamps of the flaming arc type, 
as in principle the mechanisms are the same 
as some of. those of the older types of arc 
lamps, with which we are familiar. It 
should be stated, however, that in most of 
the types of these lamps used abroad the 
mechanistn is of the wheel and pinion type 
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and far more complicated than that to 
which we are accustomed in lamps now 
used in the United States. In some of the 
more recent types of the flaming arc lamp 
the mechanism has been considerably sim- 
plified, but: it remains to be seen whether 
the newer forms will meet the commercial 
requirements. 

In Europe there are no less than ten dif- 
ferent makes of flaming arc lamps on the 
market. Arnong these may be mentioned 
the Siemens, Koerting and Mathiesen (Ex- 
cello), and Beck, which are now on the 
market in the United States... All three of 
these are of the inclined carbon design, both 
carbons feeding downward. 

Bremer, who was the first to bring out a 
lamp of the flaming arc type, in 1898, found 
that when the carbons were impregnated 
or built up with substances suitable for 
augmenting the light-giving efficiency of 
the arc, such as salts of calcium, magnesi- 
um, et cetera, the scoria produced by the 
burning of the carbons, when the latter 
were placed one above the other, resulted in 
unsteadiness of the arc and liability to ex- 
tinction. To overcome this difficulty he ar- 
ranged the carbons side by side, both feed- 
ing downward, so that when the arc was 
formed between the tips of the carbon the 
molten scoria resulting from the volatiza- 
tion of the foreign matter in the carbon 
would drop off without materially inter- 
fering with the action of the arc. 


cause is minimized: In this type of lamp, 
the magnetic field, which is required with 
the inclined carbon lamps, is, of course, 
unnecessary. 

Luminous Efficiency of the Flaming Car- 
bon Arc.—The following measurements are 
taken from a report of test made by the 
Electrical Testing Laboratories, New York, 
October 6, 1905, on a Koerting and Mathie- 
sen flaming arc lamp, and on a standard 
5-ampere single-globe enclosed arc lamp. 
The enclosing globe in each case was. 
slightly opalescent. 

The maximum illumination of the flam-: 
ing arc lamp is at about 45 degrees below 
the horizontal, in which respect the distri-: 
bution of its light resembles that of the old 
open arc. The flaming arc, however, sends: 
its rays with almost equal brilliancy through 
all the angles from 30 to 75 degrees below 
the horizontal, while the old open arc 
quickly drops from its maximum on either 
side of the 45 degree line of vision, and 
yields a comparatively small proportion of 
its total flux between zero and 15 degrees 
below the horizontal. In the enclosed arc 
lamp, on the other hand, the horizontal 
illumination is relatively very large, and 
at 15 degrees below the horizontal the 
illumination is not far from the maximum. 

In the following table are given enclosed 
and open arc candle-power measurements 
taken from the report of the committee for 
investigating the photometric value of arc 
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Positive carbon-»(diameter) ......... eda: 
Nesatvescarpon, (diameter). io... rk 4.se3 


Mean amperes 


The Blondel lamp, in which the carbons 
are arranged one above the other, has met 
with considerable success abroad. In this 
lamp a specially constructed mineralized 
carbon is used, designed to overcome the 
difficulties resulting from the production of 
scoria which Bremer found in operating 
arcs with the carbons co-axially arranged. 
In the Blondel lamp the lower carbon 
(which contains practically all of the light- 
enriching salts) is somewhat larger in di- 
ameter than the upper. As the upper car- 
bon. in this case produces practically no 
scoria, the instability of the arc from this 
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Mean..spherical .candle-power 2.5. ..66seenvesrs 
Watts per mean spherical candle-power..... 


Enclosed Arc Lamp. 
13 mina ¢ 1/2510.) 


Flaming Arc Lamp. 
Ol mn -Glr/32) in.) 


8 mm. 13 mm. 
8.0 Ber 
45.0 81.0 
360 413 
1020 232 
0.353 1.78 


lamps, and published in the National Elec- 
tric Light Association Proceedings, 1902. 
The data are given for the angles immedi- 
ately below the horizontal,—_the important 
ones in street lighting. 

In this table and accompanying chart the 
wattage stated refers to the power consump- 
tion at the arc. The voltage of the alter- 
nating-current arc was 70.7, the power fac- 
tor being 0.85. The enclosed arc lamps 
were of the single globe type, the alternat- 
ing current arc being provided with a me- 
tallic shade. The globes were of opalescent 
glass, except for the open arc, which was 


‘Arce <I. 
DISTRIBUTION OF ILLUMINATION OF ENCLOSED Arc, Oren Arc AND FLAMING CARBON ARC 
LAmpe. 
o° (Hori- 15° (Below 30° (Below 
zontal). Horizontal). Horizontal). 
Candle- Candle- Candle- 
Power. Power. Power. 
Alternating-current enclosed arc, 7.5 ampere (450 watts) 3t2hs ars 445 
Direct-current enclosed arc, 6.5 ampere (450 watts)...... 225) 465 579 
Direct-current, open arc, 9.5 ampere (450 WALES inte ees 195 5908 1) raed 
Direct-current flaming carbon arc, 8-ampere (366 watts) QI7 1312 1754 
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bare. The candle-power measurements of 
the flaming arc lamps are taken from the 
test previously quoted in this paper; the 
globe of this lamp was of slightly opales- 
cent glass. 

From these measurements it will be seen 
that the flaming arc lamp gives a little over 
five times the total luminous flux of the 
enclosed arc lamp using the same amount 
of power at the arc. 

In the test of the flaming arc lamp just 
quoted, the carbons used contained calcium 
salts giving a yellowish golden tint to the 
light. Carbons containing these salts pro- 
duce the highest luminous efficiency in 
flaming arcs. It should be noted that when 
carbons (containing barium salts) produc- 
ing a white light are employed, the lumi- 
nous efficiency is materially decreased, the 
reduction amounting to from 25 to 40 per 
cent., depending upon the character of the 
mineralization. When carbons (containing 
strontium salts) producing a reddish-pink 
light are employed the luminous efficiency 
lies about midway between that of the yel- 
low and white Jight. 

Color of Light——For purposes of street 
illumination the highly efficient yellow light 
of the calcium carbon is in general suitable, 
but for interior illumination where color 
values are important the yellow light flam- 
ing carbon lamp is objectionable. Under 
the light of this lamp white material ap- 
pears cream-colored, the shades of yellow 
are intensified, and the color values at the 
violet end of the spectrum are naturally 
distorted. It is quite impossible to distin- 
-guish different shades of dark blue from 
“one another, all of them appearing black. 
With the white light flaming carbons, how- 
ever, most of the colors have nearly their 
daylight value. 

Steadiness of Light—In the very nature 
wf things the tendency of a iong arc oper- 
ated in the manner employed in flaming 
arc lamps: is toward unsteadiness. The 
variability of air currents in the globe, the 
flack of uniformity in the chemical con- 
stituency of the mineralized carbon, the 
action of the magnetic field (where such is 
employed),—these and other difficulties 
conspire to produce unsteadiness in the 
light. 

‘Distribution of Hlumination.—The distri- 
bution of illumination of the type of flam- 
ing arc lamps now in use is quite different 
from that of the enclosed arc lamp. Most 
of the light of the flaming arc lamp is 
thrown downward in a zone from 30 to 
go degrees below the horizontal, the amount 
of illumination dropping off quickly toward 
the horizontal. Mr. W. D’A. Ryan report- 
ed recently on a series of tests of flaming 
carbon arc lamps showing that only about 
15 pei cent of the total luminous flux lies 
between the horizontal and 20 degrees be- 
low.™ , 

* See Transactions, 
Societv, March, 1906. 
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Taking the 6.5-ampere direct-current en- 
closed arc, it will be noted that from the 
horizontal down to about 12 degrees below, 
the enclosed arc gives more illumination 
than the 9.5 open arc consuming the same 
power. This means that if the lamps were 
mounted on poles 25 feet above the ground 
they would give equal illumination at a 
distance of about 115 feet from the pole; 
beyond this distance the advantage would 
be in favor of the enclosed arc. Now tak- 
ing the case of the flaming arc lamp con- 
suming 360 watts, or four-fifths of the 
energy of the enclosed arc, the illumination 
at a distance of 115 feet from the pole will 
figure out 2.83 times that of the enclosed 
arc, 

From the distribution of illumination, 
as shown in the chart, it will be seen that 
this same proportion holds approximately 
for all distances from the pole greater than 
45 feet, at which point the light strikes the 
ground at an angle of 30 degrees below the 
horizontal. At distances less than 45 feet 
from the pole the proportion rapidly 
changes in favor of the flaming arc and 
reaches approximately 10 to I at a distance 
of seven feet from the pole.’ With the 7.5- 
ampere alternating-current enclosed arc, 
the amount of illumination distributed 
through the most effective zone for street 
illumination is considerably less than that 
of the direct-current enclosed arc with the 
same power consumption. The ratio of 2.83 
to 1 cited above, would for the flaming arc 
and the alternating-current enclosed arc be 
3.3 to 1 at 12 degrees below the horizontal, 
representing a distance of 115 feet from 
the pole, 3.5 to 1 at 15 degrees below, rep- 
resenting a distance of 95 feet from the 
pole, and 3.9 to I at 30 degrees below, rep- 
resenting a distance of 45 feet from the 
pole. As in the last case, the proportion 
increases rapidly in favor of the fiaming 
arc as we approach close to the pole. Hence 
if we are to obtain the most effective use 
of the remarkably high luminous efficiency 
of the flaming arc lamp we must provide 
the lamp with a reflecting device that will 
materially modify the distribution of illu- 
mination of the arc. There is reason to be- 
lieve that considerable improvement in this 
respect may be brought about, but the 
problem is not a simple one. With the pres- 
ent distribution of illumination, the flaming 
arc lamp, if mounted on a pole having the 
same height as the poles now in use for 
street lighting, would produce an illumina- 
tion in the immediate neighborhood of the 
pole entirely out of proportion to that given 
at a distance of 125 to 250 feet, which is 
about one-half the distance that now ob- 
tains between poles in arc light practice in 
this country. 

To meet this difficulty it is apparent that 
unless the size of the unit can be materially 
decreased, the flaming arc lamp must be 
placed very high above the ground, so high 
in fact that in most cases serious questions 
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arise as to the practicability of such a 
procedure, 

Size of Units——The units now commonly 
employed are 8, 10 and 12 amperes with 45 
to 50 volts at the arc. Owing to the special 
composition of the carbons and the peculiar 
nature of the arc, obstacles are encount- 
ered which make the practical operation of 
the lamp difficult when smaller currents are 
used. Professor Blondel writes to me un- 
der date of March 28, 1906, that the small- 
est practical currents for operating his 
lamp (before referred to) are “from four 
to five amperes for direct current and from 
seven to eight amperes for alternating cur- 
rent.” With small currents the luminous 
efficiency of the arc is very considerably 
reduced. 


cents. It should be noted, however, that 
the lowest price now quoted in this country 
for carbons for sttch service is I5 cents a 
pair in quantities. In the table which fol- 
lows, the difference in cost of operation, 
should the price of carbons fall as low as 
two cents per trim (an extreme case), is 
given. The cost of the enclosed arc carbons 
is taken at 2.75 cents per trim, based on an 
average ‘life of 77 ‘ours “per trim.~ This 
cost, it will be noted, is higher than that 
which obtains in most of the larger stations 
in the country. The enclosed arcs are 
assumed to be trimmed once a week, the 
stub cf the upper carbon being used the 
succeeding week as a lower, which is the 
usual practice. The flaming arcs are 
trimmed once a day. The cost of trimming 


Taste III. 


SrreET Arcs (500 WaTrs) OPERATED 4,000 Hours A YEAR—CosT oF CARBONS AND 
MAINTENANCE. 


Sar Oris tare a oi ae ie als ce es 
cla Tel ELA TAME) eames var) new ade ay Sioaein fe foyer: 4% 908e 


Repairs 


Was DeCUIOH as ais we tients ys 2ooute so © 


Inner globes 
Outer globes 


Cost oF OPERATION. 
CASE I—STREET LIGHTING CIRCUIT. 


In order to compare the cost of opera- 
tion of the flaming arc lamp with that of 
the enclosed arc lamp now commonly used 
for street illumination in the United States 
I have taken the case of a lighting circuit 
in which the lamps are run all nght every 
night in the year, on what is commonly 
known as the 4,o00-hour schedule. The 
present practice in street lighting is to place 
the poles on which the arc lamps are 
mounted, about 250 feet or more apart. 
Assuming that the flaming arc lamp gives 
five times the illumination of the enclosed 
arc for the same power consumption (which 
assumption strongly favors the flaming arc 
lamp so far as the illumination within the 
useful zone for street lighting 1s concerned, 
as has already been shown in this paper), 
it is obvious from the law of inverse 
squares that, for equal illumination midway 
between the poles, even if the flaming arc 
were mounted high enough up to give it 
the advantage of a more favorable distribu- 
tion of light, it could not replace more than 
two enclosed arc lamps, each consuming 
the same amount of power as the flaming 
arc. Taking a circuit of lamps where two 
enclosed arc lamps are thus replaced by 
one flaming arc lamp, the difference in the 
cost of carbons and maintenance is as fol- 
lows: 

The cost of a pair of flaming carbons 
suitable for an all-night run is taken at Io 


Two Enclosed Arcs. 
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and cleaning the lamps is put at 2.25 cents 
per lamp, an average figure. 

The cost of repairs per lamp is assumed 
to Fe the same in both cases, although with 
the present types of flaming arc lamps the 
cost of repairs would undoubtedly be very 
much higher than that of the enclosed arc. 
As bearing out this conclusion it may be 
stated that the cost of repairs of the. old 
open-arc lamp now in use in this country 
is considerably higher than that of the en- 
closed are. Mr. S. G. Rhodes, in a paper 
read at the convention of this association in 
1904 (National Electric Light Association 
Proceedings, 1904, page 129), stated that 
on the circuits of the New York Edison 
Company operating enclosed arc lamps of 
the multiple direct-current and series alter- 
nating-current types, and series open arc 
lamps, the cost of repairs of 600 open arc 
lamps was as large as that of 2,000 enclosed 
ares. 

The cost of inner globes for the en- 
closed arc lamps is figured at 15 cents each, 
two globes per lamp per year being allowed. 
As an offset against the cost of inner 
globes for enclosed arc lamps the cost of 
the “economizer” for the flaming arc lamp 
should undoubtedly be taken into consid- 
eration, but no allowance has been made 
for this destructible element in the flaming 
arc lamp. The cost of outer globes is fig- 
ured at 45 cents each, the average life of a 
globe being taken as three years. In the 
flaming arc lamp the life of the globe would 
probably be considerably less than this. 
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The station cost of producing energy is 
taken at values from 0.75 cent to 2.75 
cents per kilowatt hour. This cost includes 
the cost of coal and water and that pro- 
portion of the station labor and mainte- 
nance account chargeable to the arc light- 
ing system. 

It will be noted from the table and chart 
that when the station cost of producing 
energy is less than two cents per kilowatt- 
hour, and the price of flaming arc carbons 
10 cents per trim (which is one-third less 
than the present price in this country), it 
would not pay in this case to install the 
flaming arc even if the extra cost of new 
lamps and of installation of same be left 
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of the power of the present enclosed arc 
lamp and giving the same amount of illu- 
mination as the latter. If now we replace 
each enclosed arc lamp of the circuit by 
such a flaming arc lamp consuming one- 
fifth of the power, we find the following 
costs of operation in the two cases, it be- 
ing assumed that the cost of repairs, globes, 
cleaning and inspection will check up 
evenly against each other in both instances. 

From the table and chart it is evident 
that, even waiving the cost of new lamps 
and expense of their installation, it would 
not pay in order to secure the same illu- 
mination in a street-lighting system in 
which the station cost of producing energy 


Case I—Street LIGHTING Circuit. 


ba 

OG, 

we GH Two Enclosed 

one Arc Lamps 

Owes (500 Watts Each). 
Se Seo 

a3 

Ma 234Cc. TOC: Qc. &c. 
2yc. $118.50 $101.51 $97.86 $94.27 
2c. 108.50 96.51 92.86 89.21 
2c. 98.50 QgI.51 87.80 8421 
2c. 88.50 6:51 + 82.86" ~ 70:21 
134C¢. 78.50 SU51, 77.00 7421 
4c. 68.50 7Oi5T) 9f200. 6021 
Tc. 58.50 FLSY. 07:00. 0421 
rc 48.50 G65 > 02. SG soi 

I4C. 38.50 6E.51 «57.86 54.21 


out of consideration, and even though one 
flaming arc replace two enclosed arcs. 
When the cost of enevgy is high, however, 
the flaming arc lamp makes a more favor- 
able showing than indicated above, particu- 
larly if the cost of carbons is reduced. For 
instance, at station cost of 2.75 cents per 
kilowatt-hour for energy, the cost of oper- 
ation of the two 500-watt enclosed arc 
lamps is $118.50 per year, as against $101.51 
per year for one 500-watt flaming arc with 
carbons at Io cents a pair, and as against 
$83.26 with carbons at five cents a pair. On 
the other hand, if the station cost of energy 
is very low, say 0.75 cent per kilowatt-hour, 
the cost of two enclosed arc lamps is $38.50 
per vear as against $61.51 per year for one 
flaming arc with carbons at Io cents a pair, 
$43.26 a year with carbons at five cents a 
pair, and $33.31 with carbons at two cents 
a pair. The cost of operation per year of 
two enclosed arcs and of one flaming arc 
for costs of energy and of carbons other 
than. above stated may be readily obtained 
from the chart. j 


CASE II—STREET LIGHTING .CIRCUIT. 


It has already been stated that the fla- 
ming arc lamp is not at present commercially 
operative in small units. Let us take a 
hypothetical case and assume that it is 
feasible to operate a. unit taking. one-fifth 
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is one cent per kilowatt-hour (a practical 
case) to substitute flaming arc lamps taking 
only 100 watts for enclosed arc lamps tak- 
ing 500 watts each, unless the price of car- 
bons for the flaming arc falls below three 
cents a pair. At five cents a pair, which is 
one-third of the price now quoted in the 
United States (for the long-burning car- 
bons) and somewhat lower than the low- 
est price now quoted by the principal mak- 
ers in Europe, the cost of operation per 
lamp per year in this supposed case would 
be $22.60 for the enclosed arc as against 
$30.46 for the flaming arc. The cost of 
operation per lamp per year for various. 
costs of energy and of carbons is shown 
in the table and accompanying chart. 


CASE II—COMMERCIAL OUTDOOR CIRCUIT. 


In this case the cost of operating a com-. 
mercial outdoor circuit, with lamps burning 
on an average approximately three hours a 
day, or 1,000 hours a year, equipped with 
the present type of flaming arc lamps, will 
be compared with the cost of operating a 
similar circuit equipped with enclosed arcs. 

The cost of enclosed arc carbons per 
trim, cost of one trimming per lamp and 
the cost of repairs, inspection and globes per 
lamp per year are taken at the same figures 
as in the preceding case. The enclosed 
arcs are trimmed 10 times for this service 
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and the flaming arcs 83 times. The safe 
allowance under commercial conditions is 
taken as 100 hours per trim for the en- 
closed arc and 12 hours per trim for the 
flaming arc. Above are the data of 
cost of carbons and maintenance per lamp 
per year, figuring the cost of flaming arc 
carbons at 15 cents per trim (present cost) : 

The total cost of operation, including 
cost of energy (500 watts), cost of carbons, 
trimming, repairs, inspection and globes for 
both types of lamps is given in the accom- 
panying table and chart. 

Taking the cost of flaming arc carbons at 
I5 cents per trim (present cost) and the 
cost of energy at station-cost of one cent 
per kilowatt-hour, the cost of carbons and 
maintenance of the flaming arc lamp per 
year of 1,000 hours under the assumption 
above made would be, as shown in the table 
and chart, $21.13, as against $7.45 for the 
enclosed arc. Hence, even waiving the ad- 
ditional cost of new lamp and installation. 
it would not pay from the standpoint of 
illumination to substitute the flaming arc 
for existing enclosed arcs under the above 


conditions unless the flaming arc lamps. 
replace at least three enclosed arcs. Neither~ 
would it pay in the above case, with car- 
bons at Io cents per trim, the relative cost 
of operating the lamps here being $16.97 
and $7.45. But with flaming carbons of 
five cents a trim, the relative costs of 
operation being $12. 82 and $7.45, the sub- 
stitution would pay if the flaming arc re- 
places at least two enclosed arcs. If the- 
cost of flaming arc carbons were reduced 
to the present cost of enclosed arc car- 
bons (2.75 cents per trim) the relative costs 
of operation would be $10.95 and $7.45, and 
in this case still it would not pay to make- 
the substitution unless at least two enclosed 
arcs are replaced by one flaming arc. From 
the table and chart the comparative costs. 
of operation for the various costs of energy 
and of carbons may be read. 

In the statements just made, to the ef- 
fect that it would not pay to make the sub- 
stitution of the flaming arc for the en- 
closed arc under the conditions named, it 
is, of course, understood that the station’ 
is selling energy at a uniform price per~ 
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unit for both the enclosed arc and the flam- 
ing arc. If, however, the mean spherical 
candle-power produced per unit of energy 
is made the basis of comparison, the sub- 
stitution of the flaming arc for the enclosed 
arc would pay in every case cited in the 
table, even at the present cost of flaming 
arc carbons. For instance, with energy at 
station cost of one cent per kilowatt-hour, 
the cost of current, carbon und maintenance 
of a flaming carbon arc is, as appears from 
the chart, nearly three times that of an en- 
closed arc taking the same power; but as 
the flaming arc for this power gives five 
times the mean spherical candle-power of 
the enclosed arc, the cost per candle-power 
of the former is only three-fifths that of 
the latter. But unless a very intense illu- 
mination in a small space is desired (as, for 
example, for advertising purposes), no ad- 
vantage would be gained by substituting 
an intense light for one of smaller candle- 
power and less intrinsic brightness. 


CONCLUSIONS. 


In summation, I conclude: 
First—That the flaming carbon are lamp 
-of commerce produces five times the total 
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luminous flux of the enclosed arc lamp for 
the same expenditure of electrical power in 
the arc. 

Second—The lamp is well adapted for 
purposes of illumination where a flood ot 
light is desirable in a single unit, as, for 
instance, for advertising purposes. 

Third—The lamp may be used economic- 
ally in the lighting of some large interiors, 
and in large open spaces, such as public 
squares and wide boulevards, if the lamps 
are placed at a considerable height, say 40 
to 50 feet above the ground. 

Fourth—The concentration of such a 
large flux of light in a single unit renders 
the lamp unsuitable for purposes of ordi- 
nary street illumination in the United 
States. 

Fifth—The advantage of economical pro- 
duction of light is offset by reason of the 
necessity for frequent trimming with ex- 
pensive carbons. 

Sixth—The fumes and ash given out by 
the lamp, the unsteadiness of the light, 
and the objection to frequent trimming, 
render it unsuitable for most cases of in- 
terior illumination. 


MERCURY ARC RECTIFIER SYSTEM WITH MAGNETITE LAMPS 
FOR STREET ILLUMINATION 
By W. S. Barstow. 
READ BEFORE THE NAT'L. ELEC. LT. ASSN. CONVENTION, ATLANTIC CITY, JUNE 8, 1906. 


Many times in the history of the electri- 
«cal industry the end of a particular com- 
mercial development appears to be near at 
‘hand, only to be indefinitely postponed by 
a new discovery in this or some other 
-allied science which accidentally opens up 
‘new possibilities. Often, again, the failure 
‘in some special line is caused by the ab- 
-sence of a single element which, when forth- 
-coming, turns the failure into an important 


success. Sometimes all the elements are 
“present, but scattered through different 
industries, so that there is not sufficient 


‘familiarity or knowledge in the hands of 
any one person or group of persons for a 
-combination to produce the desired result. 

Among all the radical changes in the 
details of the industry during past years 
-the electric arc lamp has shown but little 
-material progress. It is true that there 


have been. evolved the high-tension, the 
low-tension, the open, the enclosed, the 
direct and the alternating-current systems, 
with their many modifications, but in none 
of these has there been any departure made 
from the carbon arc and its relatively uni- 
form efficiency for a given illumination. 
From the day of Sir Humphrey Davey, in 
1808, when with a battery of 2000 elements 
he produced his four-inch flame between 
charcoal points, to the present refinement of 
the 150-hour enclosed lamp, progress has 
been confined more or less to mechanical 
improvements. The commercial arc lamp 
of the early day was of open-arc type, re- 
quiring 500 watts at the arc to produce 
what was then termed a “nominal” 2,000- 
c.p. light or a certain illumination. After 
passing through the sertes and multiple 
stages, the enclosed lamp was evolved, eco- 
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mnomical in maintenance, but with no im- 
provement in consumption of energy. This 
in the direct and alternating-current form 
is the type in general use to-day. 

There has during the last two years been 
in course of development a new system 
(if it may be so called) for outdoor street 
arc lighting, which not only promises to 
take an important place in the history of 
the art, but in many instances to replace 
the carbon arc. It is actually the first suc- 
cessful effort to increase commercially the 
efficiency of outdoor arc illumination, while 
at the same time it opens up new fields 
where the present type lamps can not be 
used. The magnetite mercury arc rectifier 
system requires not only 35 per cent. less 
energy at the lamp than any existing system 
for the same illumination, but makes it 
possible to do outdoor street arc lighting 
from transmission systems of 35 cycles and 
under without the use of motor-generator 
sets or other moving apparatus. In the 
city of Portland, Ore., about two years 
ago, this system was installed on a small 
experimental scale. The street-lighting 
system at that time had been in successful 
operation for many years and was of the 
old-style open-arc type, supplied with di- 
AOCE CUITeNt. 

In the very early days current supplied 
to Portland was generated by water-power 
at Oregon City, about seventeen miles south 
of Portland, and was transmitted to Port- 
land for arc and incandescent lighting. As 
all arc lighting was done on the high-ten- 
sion system and incandescent lighting on 
the high-frequency, single-phase system, 
each machine had a separate set of feeders 
from Oregon City to Portland. (This was 
one of the first instances where, previous to 
1892, single-phase, high-frequency machines 
were operated at a direct pressure of over 
4000 volts.) The business increased so 
rapidly that in 1891 there was transmitted 
in actual commercial capacity energy for 
7200 incandescent and 650 arc lamps by 
means of the systems above mentioned. As 
‘business grew and electric railways were in- 
stalled in Portland, a second power plant 
was built at Oregon City, and a 33-cycle, 
3-phase, 5000-volt system installed, with 
direct-connected vertical wheels, especially 
arranged for a head varying from 15 to 45 
feet, and current was transmitted from 
there by rearranging the origina! arc artd 
incandescent circuits, each generator being 
connected to a single three-conductor, three- 
phase feeder. To each feeder in Portland 
were connected a set of statics and a rotary 
transformer, so that there were practically 
a number of independent generating and 
transforming plants. To provide for the 
‘city lighting motor-generator sets were in- 
stalled in Portland, each set consisting of 
a direct-current T.-H. motor directly con- 
nected to two direct-current arc machines. 
Thus, in these early days several trans- 
formations were necessary before the alter- 


287 


nating current delivered to the substation 
was finally distributed to the system, and 
it required 806 watts per lamp of the trans- 
mitted energy in the form of 33 cycles, 
5000 volts, three-phase, to supply each 500- 
watt lamp installed in the city. In remodel- 
ing the system, as no arc lighting could be 
taken from the transmission frequency of 
33 cycles, it was either a case of using al- 
ternating-current, high-tension motor-gen- 
erator sets, changing the frequency from 33 
to 60 cycles, or a high-tension motor direct- 
ly connected to direct-current arc machines. 
Under these conditions, and with the origi- 
nal idea of reducing motor-generator ca- 
pacity-and the investment in generating sys- 
tem, several magnetite lamps were installed 
as an experiment about two years and a 
half ago, and from that time to the present 
modifications and improvements were made 
until now the lamps are equal in all re- 
spects to any arc lamp of either alternating 
or direct-current system. In the meantime 
lengthy experiments were made with the 
mercury arc rectifier. About one year ago 
the results appeared so promising and so 
much progress had been made in such a 
short period that an order was placed to 
install the entire system of over 1200 lamps 
in Portland with mercury arc rectifiers and 
magnetite lamps. There have now been in 
operation in Portland for several months 
over 800 lamps with rectifiers, and the in- 
stallation is being rapidly increased as fast 
as deliveries can be made. The system 
has proved successful and has fulfilled ex- 
pectations. Considerable difficulty in the 
form of static discharges and short life was 
at first experienced with the tubes. The 
tubes, which were of small size, were sub- 
jected to very rigid requirements on ac- 
count of the alternating-current pressure 
of 18,000 volts, a pressure which was very 
much higher than anything yet attempted 
with mercury arc rectifiers. The tubes 
have now averaged over 650 hours and sev- 
eral have exceeded 730 hours, 500 hours be- 
ing the economical requirement, and any- 
thing above this being in the nature of a 
gain in the original calculated efficiency of 
the system. 

A simple description of the system as in- 
stalled is as follows: The transmitted en- 
ergy in the form of 10,000-volt, 3-phase, 
33-cycle current enters constant-current 
transformers, each transformer being of 
single-phase design, the primary of which 
is wound for 10,000 volts and the sec- 
ondary for 16,000 volts. In the secon- 
dary is a center connection for the rectifier. 
The mercury arc rectifier is mounted upon 
a switchboard panel directly above the oil 
switch. It is excited by a small amount of 
115-volt alternating current energy. This 
is sufficient to start the rectifier after the 
same has been moved slightly with a han- 
dle for that purpose in order to establish 
the mercury arc. It requires but a few sec- 
onds to start up a circuit, and, when once 
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started, it is not necessary to maintain the 
exciting circuit in operation, although this 
has been the practice up, to the present time. 
In each side of the alternating current of 
the transformer is placed a reactance and 
another in the direct-current side. The 
lamps themselves require four amperes at 
an average of about 80 volts, or 320 watts, 
and give an equal illumination to the old- 
type open lamp requiring 500 watts. As 
the original distributing system was in- 
stalled for 10-ampere lamps, losses in these 
conductors have of course been reduced to 
a minimum. The present lamps are in- 
stalled ain nits. of 75* lights. 2 “in vextra 
transformer panel with rectifier is provided, 
so that in the case of any accident happen- 
ing to the transformer or rectifier the cir- 
cuit can immediately be plugged in on the 
spare set. The lamps themselves are, no 
doubt, familiar to many, having been de- 
scribed in some of the technical papers. 

The efficiency of the rotary transformer 
motor-generator system, as originally in- 
stalled: in Portland: to’ take care of the 
street .arc lighting, from the alternating- 
current transmitted energy to the direct- 
current energy distributed to the lamps, 
was 62 per cent. at or near full load (which 
is the prevailing condition). 

The efficiency of the constant-current 
transformer mercury arc rectifier system 
from the alternating-current transmitted 
energy to the direct-current energy dis- 
tributed to the lamps is at full load 88 per 
cent. (at 10° per cent. overload, 89 per 
cent.) ; at three-quarter. load, 85 per cent.; 
at half-load, 81 per cent., and at one-quar- 
ter load, 80 per cent. This efficiency was 
obtained by measuring the true watt input 
of the primary alternating-current energy 
and the true watt output in direct current, 
and includes all transformers and_ reac- 
tances, but not the small fan motor used 
to cool the rectifier tube. 

Having thus effected a saving of 26 per 
cent. in “the efficiency of the transforming 
system itself in Portland, the company se- 
cured further economy by the use of mag- 
netite lamps, using 320 watts in the lamp 
in place of the 500 watts, thus obtaining 
for 364 watts of transmitted energy the 
same illumination that originally required 
806 watts, or a saving of 1,768 kilowatt- 
hours per lamp per year; or on the total 
Portland installation a saving in capacity 
of 531 kilowatts, and a saving in total en- 
ergy of 2,121,600 kilowatt-hours per year. 

The efficiency of a standard motor-gen- 
erator set using a high-voltage motor and 
direct-current arc generator is about 76 per 
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cent., so that if in a modern installation 
where low-frequency alternating current 1s 
transformed by synchronous motor arc ma- 
chines into direct-current energy for pres- 
ent type of 500 watt arc lamps, there should 
be installed the constant-current transfor- 
mer mercury arc rectifier system with mag- 
netite lamps, the gain in efficiency for the 
same illumination would amount to 204 
watts per lamp or 1,176 kilowatt-hours per 
lamp per year. 

The high commercial efficiency of the lat- 
ter system is due to a very large extent to 
the simplicity and economy of the rectifier. 
tube itself. A tube of a capacity of about 
30 kilowatts has a constant loss of but 25 
volts. or, at four amperes, 100 watts per 
hour, while the cost of renewing the tube 
on the basis of 500 hours’ life about equals 
the cost of labor and renewals on a motor- 
generator set. 

Owing to the fact that both parts of the 
alternating-current waves are used, the 
voltage of the alternating current leaving 
the transformers to the rectifier tube to 
produce a desired voltage in distributed di- 
rect current must be about three times the 
desired direct-current voltage required by 
the lamps in circuit. Thus, about 18,000 
volts on the secondary of the transformer 
tubes gives a useful direct-current voltage 
of about 6,000. 

In the use of the magnetite system a 
commercial question arises which, after 
very careful consideration, should be defi- 
nitely answered before the system is adopt- 
ed to any: great extent: ~I- refer) to: the 
specifications used in the present public 
lighting contracts. About fifteen years ago 
considerable thought was given to the sub- 
ject by this association, resulting in a cam- 
paign of public education which produced 
the proper result at that time of rating 
street arc lamps by the “watts in the arc” 
and dropping out of contracts the terms 
“normal candle-power.” If the price of 
public lighting is to be fixed by “watts in 
the arc” on the same basis as present cost, 
the public will profit by this lamp (due to 
lamp efficiency) to the extent of 36 per 
cent., the company gaining in transformer 
efficiency to an extent of 17 per cent. 

The question as to how the public and 
the companies should share this gain so as 
to determine under what specifications the 
illumination should be furnished is a broad 
one and is a matter that should be care- 
fully considered at this time, so that the 
introduction of this new system shall be 
accompanied by a proper standard form of 
specifications. 
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NEW ILLUMINANTS 


BY PROF» Elie ES ‘CiierorD: 


Presented at the National Electric Light 
Association Convention, June 8, 1900. 


The most striking characteristic of the 
developments in electric lighting during 
recent years is the great stride which has 
been taken in the direction of increased 
efficiency. Nor is this increase confined 
to any one type of illuminant. Arc, incan- 
descent and vapor lamp alike share in the 
production of more light with the same 
expenditure of energy. One cannot but 
hope that this gain may be followed by a 
corresponding development in its applica- 
tion to the problems of illumination. 


INCANDESCENT LAMPS. 


The General Electric Company has’ de- 
veloped and placed on the market a new 
‘carbon-filament lamp, with a rated effi- 
ciency of 2.5 watts per candle and a life 
equal to that of the 3.1-watt lamp. It 1s 
manufactured in 20, 40, 50, 75 and 100-c.p. 
units, the 20-c.p. lanip taking, therefore,» 
the same energy as the present 16-c.p., 50- 
watt lamp. Series lamps are also offered, 
with the new filament. 

The distribution curves for a GEM lamp 
giving 50 mean horizontal candle-power 
are shown in Figure 1. The shade referred 
to is of the Prismo Glass Pagoda type. 

The ‘tantalum lamp is now obtainable 
abroad for voltages from 50 to 110, with 
an efficiency of 2.2 watts per candle. The 
I10-volt, 2.2-watt, 14.5-c.p. lamp has a life 
-of from 800 to 1,000 hours, often running, 
however, to 1,500 or 2,000 hours. The 22- 
‘c.p., I10-volt lamp has an average efficiency 
of 1.85 watts with a life of 800 hours. 
‘The price. of this lamp is still $1.00, or in 
‘quantity $0.80, each. 

Osmium lamps with a guaranteed eff- 
‘ciency of 1.5 watts and a life of 500 hours 
‘are now advertised as for sale in England 
at a price of $1.50 each, or $1.00 each in 
quantities for the 25-c.p. units. The al- 
lowance for returned lamps is $0.12. 

The Kuzel lamp, also making use of a 
metallic filament, has shown an efficiency 
‘of better than one watt, but although it is 
announced for 110 volts, tests have been 
published at no higher voltage than 32. 

The results already achieved with os- 
mium, tantalum, zirconium (to mention 
some of the metals which have been pro. 
‘posed as a substitute for the carbon fila- 
ment in the incandescent lamp) have great- 
ly stimulated research in this direction, 
from which important results are almost 
‘certain to issue. Until, however, these 
metallic-flament lamps run equally well in 
all positions, give satisfactory service on 
both alternating and direct-current circuits, 
operate at commercial voltages, and can be 
manufactured at a much lower cost, the 
carbon-filament lamp with reasonable rates 
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for power and the development indicated 
by the recent gain in efficiency, will con- 
tinue to maintain the supremacy it has so 
long enjoyed. 
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FIG. I.—THE AVERAGE CANDLE-POWER DISTRI- 
BUTION OF FIVE I25-WATT, TWO LOOPS IN 
SERIES, GEM LAMPS AT VOLTS WHICH 
GAVE 50 MEAN HEMISPHERICAL CANDLE- 
POWER. 


Mean 
Spherical 
Candle- 
Power. 
a—Clear, without shade........ 40.606 
b—Clear, with concentrating shade 34.53 


c—Clear, with diffusing shade.... 36.28 
d—Frosted, without shade....... 39.52 
e—Frosted, with concentrating 

SHAG wren sao tke i Ge! 132.02 
{—Frosted, with diffusing shade.. 33.81 


NERNST SERIES STREET-LIGHTING SYSTEM. 


A development of some importance in 
connection with the Nernst lamp during 
the past year is the production of a series 
lamp for street illumination, of moderate 
candle-power, thus permitting the lamps to 
be used in cases where a fairly large num- 
ber of small units is required. The outtt 
consists of a single-glower lamp connected 
with a series transformer, the primary coil 
of which is adapted for a circuit carrying 
6.6 of 7.5 amperes constant alternating cur- 
rent. The lamp may, therefore, be used 
on any of the constant-current series sys- 
tems and the ordinary 50-light tub trans- 
former will operate about 200 lamps of the 
new series type. In this particular type 
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the glower and heater are mounted in a 
vertical position on a porcelain base, ana 
the heater is made in the form of the helix 
around the glower. The distribution is 
shown in the accompany diagram, Figure 
2, and is seen to be good for street-lighting 
purposes. 

The watt consumption, including the 
auxiliary transformer, is about 115. The 
drop across the primary is 23 volts for a 
7.5 ampere circuit, and 26 volts for a 6.6- 
ampere circut. 


LUMINOUS OR FLAME ARCS. 


It is only within a comparatively few 
years, and as a result of the scientific study 
of the arc, that it has come to be appre~ 
ciated that the efficiency of such a light 
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FIG. 2.—NERNST SERIES LAMP. DISTRIBUTION 
OF LIGHT IN A VERTICAL PLANE. 


source is not dependent on temperature 
alone. The question of emissive power 
frequently plays an equal if not greater 
part in the determination of the fatio or 
watts to candle-power. It has long been 
realized that the light from the arc itself 
between pure carbon electrodes is of ex- 
tremely low intensity, and more than sixty 
years ago, experiments were carried on in 
substituting other electrodes in place of 
pure carbon. No systematic investigation 
of the whole question took place, however, 
until the recent work of Bremer, Auer, 
Nernst, Blondel, Whitney, Steinmetz, to 
mention the more noted of the workers in 
this field. 

This work has resulted in marked im- 
provements in two directions: First, the 
production of a luminous are between elec- 
trodes whose rate of combustion is very 
much less than with ordinary carbons; and 
second, the evolution of tne high-efficiency 
flame arc, in which the ordinary carbon 
electrodes are replaced by those impreg- 
nated with metallic salts. Although these 
impregnated carbons are to-day manufac- 
tured in many forms differing in construc- 
tional detail, the purpose with all of them 
is to obtain a higher light efficiency. Up 
to the present time this gain in efficiency 
has been obtained at the expense of the life 
of the electrodes. 

The color of the light with these carbons 
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is determined by the nature of the salts 
used and may therefore be controlled 
throughout a wide range. The efficiency, 
however, is very different for the different 
salts, the calcium compounds having given 
the best results. This difference in effi- 
ciency is well illustrated by the curves of 
Figure 3, showing the distribution with 
flame carbons giving light designated as 
white, red and yellow, respectively. From 
the standpoint of efficiency the carbons pro- 
ducing yellow light are distinctly superior. 

An examination of the photometric 
curves, giving the distribution of light with 
and without globe, shows the importance 
of a careful study of the optical properties 
of the glass used, since its selective absorp- 
tion may bring about a considerable diminu- 
tion of intensity for the very rays which 
are emitted by the arc. Such absorption 
evidently occurs with some of the lamps 
for which results are given. 

In addition to the metallic salts for se- 
curing a longer and more brilliant arc, a 
flux is introduced to assist in the disposi- 
tion of the slag formed. The presence of 
this slag makes it desirable in some cases 
to place the carbons parallel or slightly 
inclined to each other, rather than in line. 
In lamps where this arrangement 1s adopt- 
ed, a magnetic blower coil maintains a 
longer arc under ordinary conditions of 
operation, and acts in addition to prevent 
the arc from climbing up the sides of the 
carbons. In a number of flame arc lamps, 
however, the carbons are placed one direct- 
ly above the other. 

The diameter of the carbons used varies 
from 8 to Ir mm., the negative being as 
a rule 1 mm. less in diameter than the 
positive. The length varies from 325 to 
600 mm., whereas the life ranges from 
7.28 to 17.5 hours. Lamps are now manu- 
factured having a magazine to contain eight 
or nine pairs of carbons, thus giving a 
much increased time of burning. 

The production of fumes and the lack 
of steadiness have combined to render the 
flame arc lamp undesirable for interior 
illumination, although it is claimed for one 
of the most recent types that these ob- 
jectionable features have been overcome. 

For street lighting too large a propor- 
tion of the light falls near the vertical, al- 
though undoubtedly some reflector might 
be devised to remedy this defect, at least 
in part. 


VAPOR LIGHTING 


It is well recognized, as a scientific prin- 
ciple, that the most efficient means for the 
transformation of electrical into light 
energy is electric conduction through 
rarefied gases or vapors. The practical 
application of this principle in one or an- 
other form has occupied engineers for some 
years past, and a most promising beginning 
in actual systems of this character has re- 
cently been made. 
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PHOTOMETRIC TESTS OF VARIOUS LAMPS AND CARBONS. 


BLONDEL ARC LAMP. (Sere Fic. pa 
Lame Eguiprep with Licut OpaL OurTER Giope—Drrect-CurreNt, MULTIPLE CrreuIt. 


Including Resistance. 


Woltseatrerariials. 4 if. ecb ye fo 45 45 50 55 55 55 
PAN VINS SSE Sek En Dea ea een ae en Ks 3 5 1.5 3 5 
RVaeSmataterminalsy. sie eek 5 68 135 250 $2.5; 165 275 
Hemispherical candle-power ......... 134 388 868 134 388 868 
Watts per hemispherical candle-power 0.57 0345 o@2890 0613 0.425 . 0317 
Spherical candlespower’.............. 72 212 472 72 212 472 
Watts per spherical candle-power... 0.945 0.638 0.530 1.14 0.780 0.583 


SIEMENS-HALSKE ALTERNATING CURRENT OPEN-ARC LAMP—WITHOUT 
GEOBE. (Ser Pic. 3.) 


Average Light Distribution in a Vertical Plane. 


TERMINALS. PARC 
White. Red. Yellow. White. Ked. Yellow. 
MENS Soi Pat Ss AOA an tes Seat ova aOR 34 34 34 22:5 32:5 2256 
Ne Mea er eet tee. Mak a WE oS 20 20 20 19.85 19.85 19.85 
Wiad Beelen 2.8: See, Ca OTS 578 578 ey) 527 C27 


Hemispherical candle-power ......... 063 T122 1614 963 1122 ror4 
Watts per hemispherical candle-power 0.601 G.515 | 0.358> (0.547. 0.470 . '0:327 
plrericals candte-power- 2. ...c554... 482 561 807 482 561 807 
Watts per spherical candle-power.... zoe) ROge (067161). 1.004 0.040 -0:653 


EXCELLO CARBON LAMP. (See Fic. 4.) 


TO-AMPERE, DirEct-CURRENT 
READINGS TAKEN IN PLANE PERPENDICULAR TO PLANE OF CARBONS. 


Including Resistance 


Without Without 
With Globe Globe With Globe Globe 

WN Olige At ReCENIIN ANS Oe) oe rig oh baed. ce ae 49.3 46.3 55 55 
ATU ARSI SO SE oS Si 2 IO 10 10 10 
By ius mre als une gen ich fabieck, -cAbicee 406 463 550 550 
Mean hemispherical candle-power........... 1457 3029 1457 3029 
Watts per hemispherical candle-power...... 0.339 0.153 0.378 0.181 
Mean spherical candle-power............... 262 1695 862 1695 
Watts per spherical candle-power........... 0.572 0.273 0.638 0.324 


LUMINOUS, ARC’ LAMP... 220-VOLT, DIRECT-CURRENT MULTIPLE, 
3 AMPERES, 105-VOLT ARC, COMPARED WITH DIRECT-CURRENT 
SERIES LAMP, 4 AMPERES, 75-VOLT ARC. (Sex Fic. 5s.) 


Series lamp equipped with porcelain reflector. 
Multiple lamp equipped with nickel reflector. 


Direct-Current Direct-Current 
Series Multiple 

Terminal Arc Terminal Arc 
NCEE CSN teelels, 6 oto ee rae 76 74.8 220 105 
UNITS SUIS Oe Ae ein es kn a 4 4 3 3 
Yi Ge Soe NSE Sea oh ce, Cee 304 2096 660 315 
Mean hemispherical candle-power............ 403 403 242 242 
Watts per mean hemispherical candle-power.. . 0.755 0.735 28 1.30 
Mean spherical candle-power...............: 22% 225 150 150 


Watts per mean spherical candle-power...... Le35 1.31 4.40 2.10 
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MAGNETITE LAMPS COMPARED WITH BREMER AND BLONDEL LAMPS. 
(SEE igs 6:) 

Blondel lamp equipped with light opal globe. Bremer lamp run without globe and 
with light opal globe. Magnetite lamp equipped with stationary electrode of copper, flat 
nickel-plated reflector and clear closed-base globe. Standard five-eights-inch magnetite 
electrode. 


GLOBES. BREMER. MAGNETITE. BLONDEL. 
None. ' Opal Clears Cleats (sOpal: 

Violeswa tea Cea hee os oe, Lo On er Me eee 4I 4I 80 80 46 
PIN PCECS gcse Bon atchiele saa ot a ae Ree ne 9.1 Oud 4 oi 5 
WWiablS tat are ot. .\scrane tenet, ach ceerecsl Cie uM nn Loa B72 372 320 560 226 
Mean hemispherical candle-power............  I8IT 968 3608 992 868 
Arc watts per mean hemispherical candle-power. 0.205 0.384 - 0.8761") 0.565 0.260 
Mean ‘spherical candle-powets,..ch a. iene als 581 216 580 472 
Are watts per mean spherical candle-power.. 0.407 0.641 1.48 0.906 0.479 


SIEMENS FLAMING ARC LAMP, 12 AMPERES, DIRECI-CURREN 
MULTIPLE CIRCUIT SCSrem hic 37.) 


Carbons marked “Siemenskohle Effekt.” 
Positive 10 mm., negative 9 mm.—yellow. 
Lamp equipped with light opal globe. 


Terminal. ATC: 

WV GES ye Sligo. sv oR AA otek Ons ee oan 55 43 
AIMPORES 9 i aiedieor dc teetieaiee oh atu yeke ei Albee ae a aca Cn 12 11.85 
Watton nats aca a We bmiecne ibetev esate 1s 3 oor ee ns mee Me toe regi 660 510 
Mean shemispherical/-candle-power con ee seen eee ae 1283 1283 
Watts per mean hemispherical (candle-powets. 7 a ee 0.515 0.390 
Méan<spherical, candle-power. 3. gis s.o< peace eee eee 2 2 
Watts per mean spherical-candlée-powert.4:... 10 eee 0.878 0.678 


FLAME ARC CARBONS. \-(Sre;Fic. 3.) 
Usep 1n BauscH Arc LAamMp—DzreEct-CurRENT, MUutLTIPLE-Circuir TERMINALS. 


ELECTRA. BREMER. CoONRADTY. 
Opal Without Opal Without Opal Without 
Globe. Globe. Globe. Globe. Globe. Globe. 


SVOLES Shaan ius eet eee eee eee ae 47 47 43 43 43 43 
Aimpetes. hivcl eee ee cee Ae, Ne 8.2 8.2 9 9 9 9 
WVIATES 2 cel a eee ocicl ete Ree pm ee oR 2055 385 385 385 385 385 
Hemispherical candle-power ......... 370 585 708 1438 965 1870 
Watts per hemispherical candle-power 1.04 0.649 0.481 0.268 0.390 0.205 
Spherical candle-power vo eee 200 293 475 719 559 935 
Watts per spherical candle-power.... 1:03 1.30 0.81 0.536 0.688 0.410 


RATIO OF MEAN SPHERICAL CANDLE-POWER. 


Opal Globe. No Globe. 
i 


PleCtt a. Avant cee aoa ee I 
Bremer Dons Wraith, egal toh Siete 2.38 2.44 
Conradty 1.0 .Us aa ree 2.80 3.19 
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Under ordinary conditions an enclosed 
“vapor, even though rarefied, offers an ex- 
tremely high resistance to the passage of 
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the electric current, but if the vapor be 
icnized it becomes a good conductor. The 
starting of the current through a vapor 1s 
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thus a problem which does not exist with 
erdinaz:y metallic conduction, and: in this 
sterting, and indeed thereafter, the cathode 
or negative electrode plays the significant 
part. De 


The current may be statted either b 
bringing the two electrodes together and 
then separating them, under moderate velt- 
age, or by submitting the vapor to a high- 
voltage shock. In the latter case the con- 
duction once started requires only a low 
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voltage for its continuance, provided the 
direction of flow be not reversed. If, how- 
ever, the electrodes reverse their sign, as 
is the case with alternating currents, the 
high-voltage shock must evidently be re- 
peated with a rapidity determined by the 
frequency of the alternations. 

The ‘spectrum of the light emitted by 
luminous gases and vapors is not continu- 
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ous, except for high density and tempera- 
ture, but consists of bright lines whose 
number and color are characteristic of the 
gas or vapor. This makes it possible to 
control the color of the light to a degree, 
but also has its limitations in that a single 
vapor, admirable in other respects, may 
lack the desired color. In order to supply 
this deficiency a mixture of several vapors 
may, of course, be used for the conduct- 
ing medium, but no one of the components 
must be of such a character as to attack 
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the envelope which contains the mixture. 


The envelope must not only be strong, , 


durable and cheap, but it must be highly 
transparent and must not show selective 
absorption, at least for the particular wave 
lengths emitted by the vapor which it con- 
tains. It must be easily manipulated and 
worked. Glass tubing best fulfils these re- 
quirements, and although quartz has been 
suggested as a substitute, the efficiency ob- 
tained by its use has not equaled that for 
glass. 

Vapor lighting commends itself on ac- 
count of the low intrinsic brilliancy and 
consequent avoidance of retinal fatigue, and 
also from the standpoint of distribution, 
the diffusion obtainable being far more per- 
fect than is possible with light sources of 
a point character. It is, of course, possible 
to have so perfect a diffusion that all con- 
trast is eliminated, a result absolutely un- 
desirable since it causes fatigue in the 
effort to judge the relative - distances of 
objects within the field of view. The 
elimination of sharp, deep shadows, on the 
other hand, is certainly eminently desir- 
able. 


The Cooper Hewitt mercury vapor lamp. 


and the Moore vacuum tube light repre- 
sent the present day commercial systems 
of vapor lighting. 


COOPER HEWITT MERCURY VAPOR LAMP 


This typeof lamp. makes. use of “the 
vapor of mercury in an otherwise exhaust- 
ed tube, and is now manufactured for both 
direct and alternating current. Although 
the device of starting the lamp with a 
high-voltage shock has been used, the cur- 
rent is generally started by tilting the 
lamp, thus bringing the electrodes in con- 
tact through a stream of liquid mercury. 
The tilting may be done by hand or accom- 
plished automatically. The light is limited 
in color by the fact that the spectrum of 
the vapor of mercury contains no red rays, 
and the lamp is useless, therefore, where 
accurate color comparison is essential. In 
its physiological effect it seems to be satis- 
factory. 

Reference has already been made to the 
fact that the cathode or negative electrode 
is the significant factor in enclosed vapor 
lamps. <A difficulty of some consequence 
in such lamps is the physical disintegration 
of this electrode brought about by the cur- 
rent; indeed, for currents of considerable 
magnitude it seems necessary that the 
cathode should be regenerative, that 1s, 
should be able to reconstruct itself on being 
disintegrated by the current. Mercury ful- 
fils this condition most admirably. 

The stability of operation has been shown 
to depend largely upon the wandering of 
the bright spot found at the negative elec- 
trode. Every lamp for a given impressed 
voltage has a minimum current below which 
the arc goes out. The magnitude of this cur- 
rent may be reduced by devices intended to 
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prevent the wandering of the bright spot 
on the cathode, and also by the presence of 
inductance in the lamp circuit. 

It is evident from the curves. given in 
Figure 9 that the consumption of the lamp 
varies considerably as the current alters, 
showing a well-marked minimum. This oc- 
curs for a current of about 3.5 amperes and 
gives the value at which the Cooper Hewitt 
lamps are ordinarily run. In the figure 
Curves I and 2 show the relation of watt 
consumption to current for the lamp, in- 
cluding and excluding the auxiliary ap- 
paratus. Curve 3 gives the relation of 
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candle-power and current. The lamp for 
which these results hold was a type H, 
direct-current form. 

The direct-current, type K. lamp is in- 
tended to be run on a supply voltage of © 
from 98 to 122 volts when installed singly, 
or from 196 to 244 volts when two lamps 
are installed in series. In this lamp the 
length of the light-giving tube is 45 inches, 
the candle-power rating 700, thus giving an 
efficiency of 0.55 watt per candle. The type 
H lamp is intended to be run on circuits 
of from 98 to 122 volts, two in series, or 
from 196 to 244 volts when four lamps in 
series are used, This lamp has a candle- 
power rating of 300, and when run two in 
series gives an efficiency of 0.64. watt per 
candle. 

The alternating-current, type C, lamp 
makes use of the principle of the mercury 
rectifier in addition to the mercury vapor 
lamps, the current through the lighting tube 
being unidirectional. The lamp is started 
in precisely the same manner as the direct- 
current lamp, and consists, like the direct- 
current lamp, of tube, holder, reflector and 
auxiliary. Its efficiency is-a maximum at 
about 3.5° amperes, at which it is rated. 
The lamp is intended to run on any fre- 
quency between 50 and 150, and on any 


THE ILLUMINATING ENGINEER. 


295 


TYPE K-LAMP 


104-VoLt CrrcuIt 


Current 
Avetage watts ...:.... 


Mean hemispherical candle-pawer........ on 


Watts per candle hemispherical........ 


Maintenance for 1000 hours in cents......... 


Maintenance per k.w.-hr. in cents......... 


Miantenance per k.w.-hr. per candle-power in 
Maintenance per k.w.-hr per candle power-1000 hours 


in cents 


Total cost of current per year at 5 cents per k.w.-hr, 


(4300 hours) 


Cost of maintenance per year per lamp for 4300 hours 
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commercial voltage. The power factor is 
about 80 to 85 per cent. Whe light-giving 
part of the tube is 28 inches long, giving 
425 candle-power at an efficiency of about 
0.65 watt per candle for 275 real watts and 


325 apparent watts in the tube. The candle- - 


power drops off gradually and reaches 
about 75 per cent of its initial value in 
1,000 hours. 

If variations in line voltage occur, most 
of the variation will be taken up by the 
ballast, some by the series resistance, and 
the remainder by the lamp. This holds for 
lamps on both direct and alternating-cur- 
rent circuits. Thus for an increase of I0 
volts on a I10-volt circuit, the current in- 
creases from 3.50 to 3.66 amperes. For a 
decrease of Io volts, the current varies 
from 3.50 to 3.15 amperes. 

It is important that the leads between 
the lamp and the auxiliary be short and 
straight, otherwise the lamp may go out, 
due to the inductive action in these leads. 
The ballast is set at 3.5 amperes before 
leaving the factory, and works best at this 
particular setting. 

Tubes are guaranteed to run one year at 
12 hours per day, or approximately 4,300 
hours per year. The price of $12 for a new 
tube in this time makes the maintenance 
charges comparatively low. 

The above table gives figures of the 
cost of the lamp and its maintenance, to- 
gether with the current and watts con- 
sumed and the candle-power: 

Attempts have been made to improve the 
color of. the light of the mercury vapor 
lamp by the addition of the vapors of 
lithium, potassium and rubidium. These 
vapors, however, will attack the tube if 
made of quartz. Recently a patent has been 
granted to Mr. Hewitt for the introduction 
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0.64 | 1.33 
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of inert gases, such as neon, nitrogen or 
argon, which are to be introduced to im- 
prove the quality of the light. 

Various means, external to the lamp it- 
self, have been suggested for improving the 
color of the light from the mercury vapor 
tube. Thus the use of fluorescent screens 
to supply the deficiency in the red rays has 
been proposed and rhodamine has been 
tried, but with no very marked success. 
Undoubtedly, the best way of supplying 
what the mercury vapor lamp lacks in color 
is to use incandescent lamps, and these 
have been adopted in conjunction with this 
type of lamp in some cases with fairly 
successful results. 

In the Moore system of vacuum tube 
lighting the ionization of the vapor is inter- 
mittent, rather than continuous, since alter- 
nating current is used. Thus the Moore 
lamp is a true alternating-current lamp, 
the electrodes reversing their sign at every 
alternation. It is necessary, therefore, that 
high voltage should be applied to the termi- 
nals of the lamp in order that the vapor 
may be broken down at each reversal of the 
current by a high-voltage shock. The fre- 
quency of these discharges through the tube 
must be such that the interval between 
successive discharges is not observed by 
the eye. A patent has been recently grant- 
ed to Mr. Moore for automatically main- 
taining the vacuum at its proper value, 
thus preventing the rise in resistance which 
is so apt to take place in vacuum tubes. 

In the present “Moore Electric Daylight 
System” of illumination all of the distinctly 
electrical apparatus is placed in a single 
steel casing or box. A low-potential alter- 
nating-current circuit supplies the appara- 
tus with 60-cycle current From the box 
extends the tube used for illuminating 
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purposes, which is, therefore, in the form — shape, length, and the color of the light 
of a loop and contains a non-metallic gas which it gives. 

The terminals of the tube which are with- 
in the box contain carbon internal elec- 
trodes. This box also contains a step-up 
transformer, the high-potential terminals of 
which are attached directly to the tube 
: ~ electrodes and therefore never emerge from 
i HEHE a the sealed box, and the only wires extending 

sli hgeajuah into the box are the ordinary low-potential 
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called a safe one. The long tube takes the 
place of the conduits, wire, sockets, lamps, 


ee 






















stesazessse) 
He 












ee 
siete 


essecetessessessazsbes sezeser 






sekes 
tai 









_ o 
fe ee 
HH ieEbhell Ha fuente: 


aa fe 
SSE Lee agente at | 
eo aS 


bitte 
« 


a 
HoH 
Eds 
HH 


























| 















1 
iH 









el 
agen pa 
ae 










































































































oe H 8 capes bee: 
Beant Lengdhiiva fee 
FIG. 11 sta areata teas 
eet Ei es sees : 
Hegel BEE nies yates 
- feet to several hundred feet. The diameter eed ie en eee 
can be changed as well as its Hae BSS ERSSA SA Resabecenc tastes, ceceettssaestteeepress coe 
of the tube can b ged a a #4 a . 
REE His as 
x pee 
Se CGE sneeeeebeeeeve eitiecestreehs ie = 
= pases ee = 
a nerne see 













































































et cetera, of the ordinary lighting system. 
The color of the light may be controlled 
by the character of the gas or vapor with 
which the tube is filled. 

These long tubes are constructed on the 
premises by hermetically sealing together 
lengths of glass tubing, each eight feet six 
inches long, by means of a new gas fire 
especially invented for the purpose. Mr. 
Moore has also worked out the other 1in- 
FIG,” 12: genious and necessary tools for doing this 









































work rapidly, cheaply and in a manner that 
is thoroughly practical. 

The relation among the different factors 
concerned in the Moore system is well 
shown by the curves. 

Curve 5 shows the relation of Hefners 
per foot to the time in hours. It indicates 
that the brilliancy of the tube automatically 
increases during the first 100 hours of its 
life, and then remains practically constant 
up to 2,000 hours, which was the limit of 
the experiment on this particular tube. 

Curve 6 shows the relation of the line 
voltage to the brilliancy and indicates that 
tier celationships is» “practically linear— im 
character, Hence variation in voltage on 
this system produces much less change in 
candle-power than with the incandescent 
lamp. 

Curve 7 shows the relation of watts per 
Heiner to hours. and: 1s “related wath: the 
increase in brilliancy with time shown in 
Curve 5. After the first 100 hours the 
efficiency is constant. 

Curve 8 shows the relation of efficiency 
in watts per Hefner to line voltage, indi- 
cating an increased efficiency as the line 
voltage increases. This increased efficiency, 
however, is very slight, showing that the 
tube has a practically constant efficiency 
over wide ranges of voltage. It is also to 
be remarked that the life of the tube is not 
dependent upon the voltage. 

Curve g shows the relation of the bril- 
liancy to the watts per foot of tube for a 
180-ft. tube, and indicates sensibly linear 
relationship. 

Curve 10 shows the relation of the bril- 
liancy expressed in Hefners per foot to the 
current through the tube and as would 
be expected from what has already been 
shown for voltage and wattage, this rela- 
tionship is also linear. 

Curve 11 shows the increased efficiency 
which is obtained by increasing the length 
of the tube. For a 180-foot tube the 
ethiciency is slightly less than 1.4 watts per 
Hefner. 

Curve 12 shows the relation of voltage 
to length of tube, indicating that for the 
greater lengths of tube the voltage required 
does not increase as rapidly as the length 
of the tube itself. 

Some typical installations of the Moore 
tube, and also a view of a terminal box, are 
shown in the accompanying reproductions 
from photographs. The first tube to. be 
installed was in a photographic gallery 
in New York City in November, 1903, and 
this tube has been in continuous operation 
since that time. 
the selection of electrodes in order that 
they may not disintegrate. In the tubes 
examined by the writer this darkening of 
the tube at the electrodes was evident in 
but one case. As yet, with the commercial 
limitations in the generation of high-voltage 
direct-current, no direct-current tube has 
been developed for commercial use. There 
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Great care is necessary in ~ 
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is, however, no inherent difficulty in the 
operation of such a tube. The most serious 
limitation of the Moore tube is the fact 
that it can not be economically used for 
small units, since each tube requires its 
Special terminakwbox,  In- certain »cases, 
also, the liability to fracture of the tube 
will render its use inadvisable. Its field 
is the illumination of large areas and in 
this its seems to have a promising future. 


CONCLUSION 


The concentration of effort in the secur- 
ing of higher efficiency tends to make one 
lose sight of the danger of further increas- 
ing the intrinsic brilliancy, a danger all too 
plainlv indicated in some of our modern 
illuminants. The last word in increased 
efficiency has not yet been spoken, but even 
so, the time seems ripe for greater devo- 
tion to questions of distribution. 





HIGHER-EFFICIENCY INCANDES- 
CENT LAMPS —PHEIR “VALUE 
AND -EFFECT. ON CENTRAL 
STATION SERVICE 


By BRawcis: VWVo}Witcox. 


(Presented at the Nat’l. Elec. L’t. Assn. 
Convention, June 8.) 


We are face to face with epoch-making 
developments in the electric incandescent 
lamp, by which without reduction in life 
materially higher efficiencies are obtained, 
and still higher efficiencies are in prospect. 

The discovery by Dr. Whitney at the 
General Electric Company’s research lab- 
oratory of the so-called “metallizing”’. or 
eraphitizing of carbon filaments has al- 
ready given a veritable 2.5-w.p.c. filament, 
with promise of still higher efficiencies to 
come. The discovery and development of 
the tantalum filament gives a practical lamp 
of an efficiency of two watts per candle, 
which is now in regular commercial pro- 
duction in Germany and will soon be manu- 
factured in this country. Experiments car- 
ried on in this country and Europe indicate 
the possibility of manufacturing a 1.5-w.p.c. 
or even a I-w.p.c. lamp so that there is a 
substantial basis for the belief that within 
a few years such lamps will be on the mar- 
ket. For the purpose of this paper, how- 
ever, the question of who invents the lamps, 
or when they will become marketable, is 
immaterial. The: point is that they area 
commercial possibility to be reckoned with 
in the future. 

These remarkable developments possess 
naturally a special and vital interest to every 
electric lighting company, and it behooves 
each central-station manager to study the 
effects that will follow from the introduc- 
tion of higher-efficiency lamps and to con- 
sider what policy it is wisest and best to 
adopt for them. 

Any one would naturally expect electrical 
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men to rejoice over an advancement in the 
art by which the electric incandescent lamp 
may be enabled to hold its own against the 
Welsbach and other improved competitive 
illuminants, but there are some _ central- 
station managers who regard the higher- 
efficiency lamp as not an altogether unmixed 
blessing. Even when regarded favorably, 
opinions as to the value of higher-efficiency 
lamps and the effects that will be produced 
by them differ very greatly among central- 
station managers. 

The time is ripe, therefore, for a full dis- 
cussion of this very important question. 
The endeavor will be made in this paper 
to present a clear analysis of the situation, 
so that the deducible results can be cor- 
rectly traced. This analysis, in connection 
with costs and data on the new improved 
lamps, will provide a good basis for the 
study and discussion of the conjectural ef- 
fects on the electric lighting business. The 
new General Electric metallized or “GEM’- 
filament lamp, as it is termed, will be taken 
as the subject for this discussion. 


THE NEW GEM-FILAMENT HIGH-EFFICIENCY 
LAMP. 


The GEM filament gives a lamp-with a 
mean initial horizontal efficiency of 2.5 watts 
per candle and a useful life practically the 
same as the present 3.I-w.p.c. lamp, so that 
we have the following comparison of the 
new with the present lamp: 


Ordi-. 

nary GEM 

aimpe eleaiip, 
Initial efficiency in watts per 


candle-power eons oat Dake 
Total-watts for. '6-e.pre oa. 50 40 
"“Lotal Vwatts: tor 20-C. peak O2 50 
Useful life-of both: the new 

and «present: lamp. =. . sees 450 to 500 hours 
Per cent. of saving of power, 

new. lamp. over. present 

lanaip ive Se ciatn te enraenee 20-per cent, 


The relative life values of the new and 
present lamp at various efficiencies are 
clearly shown by Table II and the curves 
in Figure 1. From these tables and diagram 
we see that in comparison with the present 
carbon-filament incandescent lamp 

The new GEM-filament lamp saves 20 per 
cent in energy consumed for same life and 
candle-power service. 

The new GEM-filament lamp gives 25 per 
cent more candle-power for the same 
energy consumed and equal life and candle- 
pewer maintenance. 

The probable cost of the new lamps will 
be more than the cost of the present lamps, 
and for the purpose of this paper we will 
take the cost of the 16 to 20-c.p. GEM- 
filament lamp as 20 cents as compared to 16 
cents for the present lamp in order to have 
a definite basis for calculation. 

From this information on the lamp we 
can determine the saving the new lamp will 
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secure to users and therefore its value or 
worth. 


VALUE OF THE HIGH-EFFICIENCY LAMP TO THE 
CONSUMER. 


The saving to the consumer paying for 
current on a regular meter basis is readily 
calculated. 

The consumer’s saving using I6-c.p. new 
lamps in place of the Io-c.p. present type 
is given for different rates and different 
efficiencies, Figure 3, covering 1000 hours’ 
service. 

Assuming that central station is supply- 
ing free renewals of the present 3.I-w.p.c. 
lamps, we see from Table III and Diagram 
3 that the consumer could buy his own re- 
newals of the new 2.5-w.p.c. lamps at 25 
cents each and save money at all rates above 
s cents per kilowatt-hour. 


VALUE TO ISOLATED PLANTS. 


In the case of the isolated plants of the 
country the substitution of the new I6-c.p. 
lamp of the same useful life as the present 
16-c.p., 3-5-w.p.c. lamp, would result in an 
annual saving of over $1,000,000, covering 
power and apparatus costs. The additional 
annual cost for lamp renewals of the new 
lamp would not, however, exceed one-fourth 
of this saving. 


VALUE TO CENTRAL-STATION COMPANIES. 


The value of a higher-efficiency lamp to 
central-station operating companies is a 
complicated question. 

With companies selling current by meter 
at various rates per kilowatt-hour and lim- 
ited to the same number and candle-power 
of lamps supplied, and the same hours of 
use, there would theoretically appear to be 
somewhat of a reduction in income, and a 
somewhat increased cost of lamp renewals, 
but as I will show later I do not expect to 
see the income reduced, but on the contrary 
largely increased. 

Where companies are selling by the lamp- 
hour, or flat charges per lamp per month, 
the new higher-efficiency lamps have a dis- 
tinctly positive value. 

This value lies in the saving a higher- 
efficiency lamp will secure (for.a given 
lighting output) in the station capacity and 
in generating costs that are strictly propor- 
tionate to output.: 

This saving is made up of two items: 

(a) The saving in generating costs that 
are strictly proportionate to output. 

(b) The saving in fixed charges on the 
investment in generating apparatus. 

As regards the generating costs that are 
strictly proportional to the output, the prin- 
cipal item is boiler fuel. Engine and boiler- 
room labor and repairs are effected slightly. 
Assuming that boiler-room labor alone is 
affected, it would be about the equivalent 
of the slight changes in various other ex- 
penses. So that we can take fuel and boiler- 
room labor costs to represent the total of 
those generating costs that are strictly pro- 
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portional to output, and calculate therefrom 
the value of the current consumed by the 
new high-efficiency as compared to the pres- 
ent lamp. These costs should be taken at 
their value at the lamp, 7. e., the costs ob- 
tained by dividing the fuel and boiler-room 
labor costs for incandescent lighting by the 
output delivered and metered at the lamp. 
For this purpose, let us assume several 
values for fuel and boiler-room labor costs 
per kilowatt-hour of current delivered at 
lamp, wizg.,-1 cent, 0.5 cent and o cent per 
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This added capacity of apparatus, consid- 
ered as an asset, might be converted into 
cash to reduce investment account; or, more 
logically, it would serve to provide needed 
capacity for increased business. As time 
goes on and the demand for light increases, 
this excess station capacity is realized on 
without adding to investment, and there- 
fore central stations can consider this a 
saving. 

- We can take taxes, interest and deprecia- 
“tion charges at a total of I2 per cent. The 
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FIG. I.—USEFUL LIFE OF CURVES OF NEW GEM-FILAMENT LAMP AND PRESENT CARBON- 
FILAMENT LAMP. 


kilowatt-hour, covering the cases of steam- 
operated plants down to water-power plants, 


for which these charges are taken as 
nothing. 
With respect to the saving in fixed 


charges, the items are taxes, interest and 
depreciation on boilers, engines and dyna- 
mos. Should a station introduce higher- 
efficiency lamps, say a 40-watt lamp for a 
50-watt lamp, it would have available for 
same number of lamps supplied 20 per cent 
more capacity of generating equipment. 


investment per ‘kilowatt for the increment 
or decrement of generating apparatus will 
vary for different stations, but we can 
assume $125 as a safe value. On this basis 
we obtain with our total fixed-charge per- 
centage of 12 per cent $15 per year as the 
fixed charge per kilowatt of station ca. 
pacity. 

This annual fixed-charge cost of $15 per 
kilowatt can be reduced to the value per 
lamp per year as shown in the following 
table: 
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hours’ “use -per “year, 4 his basis as) “the 
theoretically correct one, as it covers the 
change in candle-power of lamp. 

If we take the cost of the present 16-c.p., 
50-watt carbon-filament lamp as a. basis at 
100 per cent, and plot the values for the 
other lamps under comparison in percent- 
ages of the present 16-c.p., 50-watt lamp for 
different hours’ use per lamp per year, we 
have the curves as shown in Figure 5. 

Figure 5 gives the percentage relation for 
equal candle-hour values, and presents an 
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FIG. 2.—LAMP-RENEWAL COST CURVES OF GEM LAmps. 


THE COST OF PRODUCING A CANDLE-HOUR OF 
LIGHT WITH LAMPS OF DIFFERENT - 
EFFICIENCIES. 


To determine the cost on the candle-how 
or kilowatt-hour basis it is necessary to de- 
termine how long the lamps are used. For 
this purpose we can assume several values 
for the annual hours’ use of lamp per year 
and determine the candle-hour cost there- 
from by dividing the fixed charge per I000 
candles (in above table) by the assumed 


interesting diagrammatic picture of ‘the 
value of higher-efficiency lamps as compured 
to the present 3.I-w.p.c. lamp. 

In studying this diagram it should be 
noted that the average hours’ use per lamp 
by consumers does not in general exceed 
1000 hours per year or three hours per day. 

From the curves in Figure 5 we see: 

First—That up to the 1ooo-hour point the 
costs of producing a candle-hour of light 
with the new GEM-filament, 16-c.p., 2-5- 
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w.p.c., 40-watt. lamp (curve No. 4) is less 


than that with the present 16-c.p., 3-I-w.p.c.. 


lamp (curve No. I). 

Second—That within the limit of values 
taken (2000 lamp-hours’ use per year) the 
new GEM 20-c.p., 2.5-w.p.c., 50 watt lamp 
(curve No. 5) is less than the cost given by 
the present 16-c.p., 3.I-w.p.c. lamp (curve 
No. 1). 

Third—That this is also true of the new 
GEM 1I6-c.p., 2.8-w.p.c., 45-watt lamp (curve 
No. 3). which is also 20 per cent below the 
cost given by the present I6-c.p., 3.5-w.p.c. 


requiring a certain lighting result without 
reference to any sale to consumer. 

Where central stations are selling by the 
lamp or candle-hour, this comparison also 
hoids for actual results. Unfortunately, 
however, the majority of central-station sell- 
ing is done by the kilowatt-hour, so that our 
actual comparisons of the new and present 
lamps must be made on the basis of kilo- 
watt-hours absolute instead of by kilowatt- 
hours per lamp or by candle-hours. 

On the absolute kilowatt-hour basis with 
load factor unchanged, the change to higher- 
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FIG. 3.—DIAGRAM SHOWING SAVING PER I,000 HOURS’ SERVICE OF A I6-C.P. LAMP BY HIGHER 
EFFICIENCY LAMPS, IN COMPARISON WITH THE PRESENT 3.1-WATT LAMP. 


56-watt lamp (curve No. 2), these two 
lamps having equal life (1000 hours). 

Fourth—That the new tantalum lamp 
(curve No. 6) is less than the cost given by 
the present 16-c. p., 3.I-w.p.c. lamp (curve 
No. I), except beyond 1850 hours’ use per 
lamp per year (or five to six hours’ use per 
day). d 
EFFECT UPON THE QUESTION OF SELLING LIGHT 

BY THE KILOWATT HOUR. 

This is an interesting comparison of val- 
ues of lamps of different efficiencies, but it 
must not be overlooked that the basis of 
comparison assumed is equal light or num- 
ber of lamps. The comparison is a true one 
for a factory or building or a street railway 


efficiency lamps would theoretically appeat 
to increase the central-station kilowatt-hour 
costs by the slight amount of increase in. 
cost of lamp renewals for the new lamp. 
For the same light and hours of use the 
total kilowatt-hour output with  higher- 
efficiency lamps would be reduced and the 
total cost probably in a similar proportion 
so that the cost per kilowatt-hour would 
not theoretically be reduced but might re- 
main either unchanged or slightly increased. 
So far as the central station is concerned 
with a given output in kilowatt-hours to 
sell, and paid for it only by the kilowatt- 
hour, it would appear to make practically 
no difference in the economy of the station 
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whether it be sold in high or low-efficiency 
lamp units (or in high or low candle-powet 
units), except in cost of lamp renewals. 

From the station-cost standpoint, there- 
fore, the logic of the situation would seem 
to point to the use of the lamp of the lowest 
renewal cost, 1. ¢., the extreme of low- 
efficiency lamps. 

Why then should not this course be fol 
lowed, and instead of developing a higher- 
efficiency 2.5-w.p.c. lamp to replace our 
present 3.I-w.p.c. lamp, why should not 
central-station companies adopt a. 4-w.p.c. 
lamp, or a 5-w.p.c. lamp? Simply because 
the central-station-cost standpoint is not the 
correct basis on which to determine the 
proper efficiency of lamps where light is sold 
by the kilowatt-hour. It neglects to con- 
sider the effect upon the customer and the 
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equivalent to a 20 per cent reduction in 
rates. 

This value is; in a measure, of course 
conjectural, as it can not be fully and defi- 
nitely determined, but it should be none 
the less an actual and positive value. 

The proposition simply stated is: - 

‘The new lamp will enable central stations 
(now on a free-renewal basis), by increas- 
ing their total expense only about one per 
cent, to give an equal volume of light at 20 
per cent lower cost to their consumers, or 
25 per cent more light for an equal expendi- 
tule: 

The value of ‘this improvement in service 
in meeting and resisting competition, in 
adding desirable business, in improving the 
load factor and in increasing net earnings 
—this is the important point of the whole 
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FIG. 4.—CURVES SHOWING RELATIVE COST OF PRODUCING A CANDLE-HOUR OF LIGHT WITH LAMPS 


OF DIFFERENT EFFICIENCIES. 


selling end of the business. Whether a cen- 
tral station supplies free lamp renewals of 
not, and whether its costs are thereby 
changed or unaffected, the success of the 
business demands the lowest practicable cost 
to consumer—that is, it requires the use of 
high-efficiency lamps—of that efficiency 
which gives the lowest cost of light (includ- 
ing power and lamp renewals) at the rate 
paid. 

THE CONSIDERATION DETERMINING THE VALUE. 


The value, then, of the new 2.5-watt lamp 
Cor any higher-efficiency lamp) lies in the 
general stimulus it will give to the growth 
of electric light service resultant from the 
20 per cent improvement in efficiency for 
the same candle-power (or a 25 per cent 
increase in light for the same wattages), 


EXPRESSED IN PER CENT. OF COSTS GIVEN 
16-C.P., 3.1-W.P.C., 


WITH PRESENT 
50-WATT LAMPS. 


question, which should be fully discussed 
from the viewpoint and experience of cen- 
tral-station managers. 


WHAT DETERMINES THE DESIRABLE LAMP 
EFFICIENCY. 


It will assist here perhaps to consider the 
general question of what constitutes the best 
efficiency for central-station service. In my 
paper on the subject of efficiencies before 
the 1902 convention I stated the following: 

“The best efficiency for central-station 
service is the one securing the greatest 
amount of net earnings. Net earnings are 
the product of per cent of profit by amount 
of business. There is a point of balance 
between these two factors at which their 
product, the net earnings, becomes a maxi- 
mui. 
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“The largest profits are not secured by 
exacting the highest per cent profit, but, on 
the contrary, are generally secured by low 
prices and small per cent of profit, thereby 
increasing the gross business and swelling 
the total profit. In other words, we. are 
concerned not so much as to the cost of our 
commodity (costs may be, and frequently 
are, increased with advantage) ; no so much 
with per cent of profit, but chiefly with so 
fixing the selling price, and pushing the 
business as to increase the sales to the 
point of securing the maximum profit. 

“Applying this idea to the question of 
lamp efficiency, we would say that the most 
desirable ‘efficiency is not the efficiency 
which will return the highest per cent of 
profit from customers; but rather is it that 
efficiency which for any given rate will 
secure to the electric lighting company the 
greatest amount of profit, swelling the gross 
profitable business, not only by augmenting 
the number of lamps connected, but also by 
increasing the average hours of use so as to 
bring in the fullest net returns.” 

It is particularly in the improvement in 
load factor through increased hours of use 
resulting from reduced costs of lighting that 
central-station companies can look to for 
the improvement of their net earnings. 

It is desired, therefore, that this discus- 
sion bring out what is the improvement of 
load factor resulting from reductions in 
rates or their equivalent. The general effect 
of reduction in rates should cause a broad- 
ening of load peaks and consequent material 
improvement in load factor. This would 
seem to be so, because if the cost of elec- 
tric lighting is reduced to an equality with 
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gas and other illuminants, it should insure 
a more extended use of electric light fully 
equal to that obtained with any other illu- 
minant. 

THE EFFECT ANALYZED. 


To guide the discussion on this question, 
the accompanying exhibit (Exhibit A), page 
18, has been prepared, which presents in 
table form a clear analysis of the effect pro- 
duced by the introduction of  higher- 
efficiency lamps for an assumed set of con- 
ditions relating to candle-power of lamp, 
number of lamps demanded and hours’ use 
per lamp, upon,— 

First—Station operation. 

Second—Lamp-renewal costs. 

Third—Central-station income. 

Exhibit A gives the results for the general 
case and Exhibit B the actual effects in the 
specific case of a given central station. 

The table No. A-3 in this exhibit shows 
clearly the advantages of the lamp-hour rate 
of those rate systems like that of Mr. Henry 
L. Doherty, having a combination flat meter 
rate with a charge per lamp. All such rate 
systems derive positive, deducible advan- 
tage from the introduction of the higher- 
efficiency lamp. 


ADVANTAGES OF A LAMP-HOUR AND CANDLE- 
HOUR RATE. 


This clearly shows the advantage of sup- 
plementing the pure kilowatt-hour metef 
rate with a charge per lamp in some form 
or other. The merits and demerits of this 
as a general proposition I will leave to be 
decided by experts on rate questions, but it 
is patent that a central station can not reap 
the full benefits of any improvement in lamp 
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FIG. 5.—CURVES GIVING MINIMUM COSTS OF LIGHTING (INCLUDING POWER AND LAMP 
RENEWALS) WITH THE NEW GEM-FILAMENT, 50-WATT, 20-C.P, LAMP AT DIFFERENT 
EFFICIENCIES AND AT DIFFERENT RATES PER K.W.-HOUR. 


efhciency unless charges in some way are 
made to include the lamp or candle-hou 
value. The new high-efficiency lamp enables 
us to produce a given amount of light 
cheaper, as already indicated, but theoret- 
cally increases the cost for a given amount 
of kilowatt-hours. As a result, the benefit 
apparently all goes to the consumer with 
little or no return to the lighting company, 
if we exclude the stimulating effect upon 
business. 

The values in Tables IX and X well 
illustrate this point. Table IX shows the 
cost per 100 candle-hours of light to con: 
sumers for different lamp efficiencies and 
rates per kilowatt-hour. Table X shows 
various values for higher-efficiency lamps 
as compared to present lamps. These tables 
bring out the benefit of higher-efficiency 
lamps to the consumer buying on the kilo- 
watt-hour basis, in the reduction in cost per 
1000 candle-hours of light. As shown by 


column No. 5, Table X, this cost is only 20 
cents for the tantalum lamp as compared 
with 31 cents for the present 16-c.p., 50-watt 
lamp at 10 cents per kilowatt-hour rate. 
Also by the last column of Table X we see 
that the income from the tantalum lamp on 
the candle-hour basis is 50 per cent greater 
than on the kilowatt-hour basis. 


KILOWATT-HOUR NOT THE CORRECT BASIS FOR 
LAMP-RENEWAL COSTS. 


Table X also shows that the kilowatt-hour 
cost basis is not a fair one for lamp-renewal 
costs. This is true because it is inevitable 
that with the decrease in total wattage of 
lamps the renewal costs per kilowatt-hour 
should increase in the same proportion. For 
example, a 16-c.p. lamp of one watt per can- 
dle or 16 watts total, would, at the same 
price per lamp, cost three times as much per 
kilowatt-hour as the present lamp. 

To keep renewal costs per kilowatt-hour 
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unchanged would require that the costs of 
higher-efficiency lamps should diminish in 
the same ratio as the efficiency is increased. 
This can not logically be expected, as im- 
proved lamps will tend to cost more rather 
than less. It would be correct practice, 


‘therefore, to drop the kilowatt-hour as a 


basis for lamp-renewal costs and take the 
cost per candle or equivalent light. 


THE STANDARD FOR THE NEW LAMP. 


Returning to Exhibit A, a careful study 


of the tables thereunder shows that the min- 
imum disturbance to central-station oper- 
ating results, renewal costs, and particularly 
to the company’s income, is given by a lamp 
of 25 per cent increased candle-power, i. é., 
the new 20-c.p., 50-watt lamp. It has been 
decided, therefore, to standardize on this 
lamp, and to make the new standard lamp 
(to replace the present 16-c.p., 3.1-w.p.c. 
lamp) a 20-c.p., 2.5-w.p.c. lamp with the 
same total wattage of 50 watts, and not a 
16-c.p., 40-watt lamp. se 

The same reasoning would indicate that 


in the case of the tantalumm-lamp a 25-c.p., _ 


50-watt lamp would be advisable. 

Besides the advantages shown by Exhibit 
A, there are the following good reasons for 
this plan. 

A higher candle-power incandescent lamp 
is needed to cope with competition of the 
Welsbach gas light, whose candle-power 


value is high. 


Many consumers, particularly the desir- 
able consumers, will spend a given amount 
of money for light in any event, and it is 
rational to anticipate this fact by giving 
them the increase in the candle-power of the 
lamp, instead of necessitating an increase 
of installation to accommodate more lamps 
of the present candle-power. 

The plan follows the practice adopted by 
gas companies at the time of the introduc- 


tion of the Welsbach lamps, where the im- 


provement in efficiency is given in a very 
large measure in increased candle-power, 
which practice has proved so satisfactory to 
the gas business. . 

The plan gives the central-station com- 
pany the same output per consumer as at 
present given, thus avoiding; the necessity 
of having to increase the nuimber of con- 
sumers or the number of lamps connected 


-per consumer, which» would necessitate a 


possible increase in distributing expense. 

The plan keeps down lamp-renewal cost 
per kilowatt-hour. . 

The new 20-c.p., 50-watt lamp, compara- 
ble in life with the present 16-c.p., 3.I-w.p.c., 
gives a derived unit (by lowering the volt- 
age 4 per cent) of I6-c.p., 45 watts total 
with 1tooo hours’ life—a comparable lamp 
to the present 16-c.p., 3.5-w.p.c. lamp—thus 
providing the new lamp for conditions re- 
quirirg such lamp life. 

The proposed plan does not contemplate. 
dispensing with lower candle-powers and 
wattages. There will be smaller units—3o 
watts, 20 watts—and other sizes made with 


the new GEM filament. The tendency will 
be, however, to go above and below the 
present 16-c.p. standard. 


50 
WATT 


L33V 
10 
08 


THE NEW LAMP RATING AND LABEL, 


This new label possesses many interesting 
features. It will be noted that only total 
wattage and voltage markings are given. 
Candle-power values will not be shown, as 
these have become confusing, due to the use 
of the term in so many varied ways: - Can- 
dle-power is used to express concentrated 
values due to reflection from supporting 
frames in such lamps as the Nernst; to ex- 
press values given by reflectors used with 
the lamp as in the case of the Meridian and 
General Electric units, and so forth. Can- 
dle-power valiies have as a result of this 
indefinite use become misleading and con- 
fusing, and it has been considered desirable 
to omit them: from the lamp label and to 
give them only when required, and then 
fully and accurately defined as “mean hori- 
zontal,” “mean spherical,” “values with a 
given form of reflector,” and so forth. 

Inasmuch as the sale of electric light is 
made largely on the watt-hour basis and not 
on the candle-power, the proper unit is 
really watts per lamp, instead of candle- 
power. This practice is along the lines of 
gas practice, where the burners are gener- 
ally rated in cubic feet consumption, rather 
than in candle-power values. 

Further good reasons for this plan are as 
follows: ; 

It permits the adoption of even total watt 
values per lamp, as 50-watt, 30-watt, 25- 
watt, 10-watt, et cetera, instead of the frac- 
tional values now given. 

The filament is rated to burn at an even 
degree of heat or incandescence, thus insur- 
ing more uniform performance as regards 
individual lamps. 

The appearance of the lamps in service 
should be more uniform, as a slight varia. 
tion in candle-power is not as noticeable 
as a variation in degree of incandescence or 
efficiency. 

By eliminating the candle-power from the 
label, and absolutely fixed standards ot 
candle-power as an essential to quality or 
good service, and by substituting therefor 
only watts per candle as a comparative 
basis, which standard can be varied to suit 
varying conditions, it will be possible for 
central stations to gradually advance their 
standard of efficiency from time to time to 
meet changing conditions. 

It will be observed that the new lamp 
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label has three voltage markings shown ar- 
ranged in a vertical column in steps of two 
volts apart. These voltages are known as 
“top,” “middle” and “bottom” voltages, or 
first, second -and third voltages. 

Customers requiring lamps of maximum 
efficiency—2.5-w.p.c.—will order lamps 
whose “top” labeled voltage or first voltage 
corresponds to the circuit voltage. 

Customers requiring a lamp of slightly 
lower  efficiency—2.65-w.p.c.— will — order 
lamps whose “middle” labeled voltage or 
second voltage corresponds to the circuit 
voltage. 

Customers requiring lamps of still lower 
efficiency—about 2.8-w.p.c—should order 
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the present and new lamps per kilowatt- 
hour at various efficiencies). 

Progressive practice should lead all cen- 
tral stations now using the 3.I-w.p.c. lamp: 
to adopt in its stead.the new. 20-c.p., 2.5- 
w. p. c. lamps at full efficiency, thereby keep- 
ing their watt consumption per lamp the 
same as at present. On this plan for the 
same useful life their renewal costs would 
remain unchanged on the correct basis of 
cost per candle, or on the kilowatt-hour 
basis would be increased by the _ small 
amount of 0.16 cent per kilowatt-hour. 

Central-station companies at present using 
3.5-w.p.c. lamps could adopt one of the fol- 
lowing: 


Change in 

Reduction in Watt Lamp Re- 

Consumption newal Cost. 

per Lamp. per Kw.-Hour. 

20-c.p., 50-watt lamp (top labeled voltage). 6.0 watts or 10.7 per cent. + 0.514 cent 
18-c.p.,  2.65-watt lamp (middle labeled 

WOULAGE)) /: VameNee etl fie tee eee 7.5 watts or 13.4 per cent. -+ 0.139 cent. 
16-c.p., 2.8-watt lamp (bottom labeled volt- 

Pod od a 5 og oe ea Ae rer eR rR Car Ni 10.0 watts or 18.0 per cent. -+ 0.158 cent 


lamps whose “bottom” labeled voltage or 
third voltage corresponds to the circuit 
voltage. 

For example, take a lamp labeled as 
shown in Figure 9. 

This lamp on a circuit of 112 volts will be 
burning at maximum efficiency 2.5-w.p.c. 
and full wattage of 50 with a useful life of 
about 500 hours; or 

The same lamp on a circuit of 110 volts 
will give 10 per cent less candle-power with 
an efficiency of about 2.65 w.p.c., total watts 
about 47.5, and a useful life of about 750 
hours; or 

The same lamp on a circuit of 108 volts 
will give 20 per cent less candle-power with 
an efficiency of about 2.8-w.p.c., total watts 
about 45, and a useful life of about I000 
hours. 

By adopting this method as a standard 
rating, all lamps can be more exactly suited 
to existing conditions than on the present 
basis of rating. 

THE GENERAL POLICY FOR THE NEW LAMPS, 

What shail be the general policy for cen- 
tral stations to adopt with regard to the 
new lamp? 

Accepting the standard agreed upon, 
namely, 50-watt, 20-c.p. lamp, central sta- 
tions can have their option of adopting the 
new lamp either at “top, “middle” or “bot- 
tom” labeled voltage, as described in the 
foregoing description of label, and of thus 
giving their consumers 

The highest efficiency available with tota) 
output unaffected, or 

Lower efficiencies with reduction of out- 
put and lessened renewal costs resulting 
from longer life. 

The change in renewal costs is given in 
Table X, column No. 5 (see also Table II 
and Figure 2, which show renewal costs of 


The middle labeled voltage step would 
seem desirable for the present 3.5-w.p.c. 
station, as it shares the improvement with 
the consumer, giving I2 per cent more light, 
with I5 per cent less wattage. Present 3.5- 
w.p.c. lamp-renewal costs are very low, 
and most stations could aoffrd the slight 
increase therein for the new lamp. With 
the present lamps there appears to be need 
of an intermediate efficiency between 3.5 
and 3.1 watts per candle, 7 e., about 3.3 
watts per candle. The new lamp at middle 
label voltage gives equal life to a present 
3.3-w.p.c. lamp and should therefore satisfy 
this intermediate need. 


EFFICIENCY OF NEW LAMP, GIVING MINIMUM 
LIGHTING COSTS. 


The minimum cost of lighting to the con- 
sumer paying for light on the kilowatt-hour 
basis at different rates will be secured with 
that efficiency which makes the sum of lamp 
renewals and cost of current a minimum. 
Estimating these costs as shown in my pre- 
vious paper on efficiencies, we have the val- 
ues for the new GEM lamp given in Table 
VIII and Figure 7. This table and curves 
show that for all rates above 5 cents per 
kilowatt-hour a consumer would obtain his 
light at a minimum cost, including cost o1 
purchasing his own renewals by using the 
new 2.5-w.p.c. lamp. 

The accepted practice supplies lamp re- 
newals free and saves the consumer this 
part of the expense. It would seem, there- 
fore, that this full efficiency of 2.5 watts per 
candle would be the desirable one for cen- 
tral-station companies to supply, because 
at any lower efficiency the consumer could 
afford to buy his own lamps and would save 
money by so doing. Enlightened and pro- 
gressive central-station practice finds bene- 
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fit in making the consumer’s interest its 
own, and should therefore supply the lamp 
that secures a minimum lighting cost, i. ¢., 
the new 2.5-w.p.c. lamp. 


THE POLICY FOR LAMP RENEWALS WITH 
HIGHER-EFFICIENCY LAMPS. 


The control of lamp renewals by central- 
station companies is shown by both practice 
and theory to be a necessary condition for 
securing. and insuring the best lighting re- 
sults. The cost of lighting, of which the 
lamp renewal is a part, can unquestionably 
be made less to consumer when the centra! 
station purchases and supplies the lamp. 
This is so because the central-station com- 
pany purchases intelligently where the aver- 
age consumer purchases unintelligently, gen- 
erally choosing a poor-quality, long-life, 
low-efficiency lamp and paying therefor the 
highest retail price. 

Experience shows that central stations 
must supply the lamps to insure the use of 
lamps of the maximum efficiency and pros 
vide lighting service at the minimum cost 
to consumers. In practice we find that 
where the consumer is left to purchase his 
lamp, the first cost and life of the lamp 
becomes of greater importance than the 
efficiency of lamp and consequent cost of 
light. In proof of this we note that there 
are to-day no 3.I-w.p.c. lamps used on cen: 
tral-station circuits in this country except 
where the companies furnish renewals. It 
is well known that where the practice pre- 
vails of making the consumer buy his own 
lamp, as in Europe, lamps of only the low- 
est efficiencies are used, namely, 4 and § 
watts per candle, and that there is little 
demand for any higher efficiencies or in- 
ducements held out to the lamp manufac- 
turers to supply such. We may conclude, 
therefore, that the new 2.5-w.p.c. lamp at 
full efficiency would not be adopted by the 
average consumer were he left to purchase 
his own lamp renewals. 

To secure the introduction and use of 
higher-efficiency lamps it is necessary for 
central-station companies to furnish renew- 
als. If central-station companies agree that 
it is very desirable to have the new lamp 
of the same total wattage as the present 
lamp in order that income may not be 1m- 
paired, then it becomes necessary for the 
lighting company to furnish renewals of 
this lamp to their consumers to secure its 
adoption. 

This seems to me a strong argument for 
as full control of the new lamps as is now 
the case with the present lamps; that is a 
free renewal supply. In any event, central 
stations should supply the new lamps_to 
- their customers at as low a cost as possible 
to replace the present carbon-filament lamp 
on some one of the following plans: 

First—Where the rates are fair or well 
maintained with some available margin, the 
additional costs of renewals, which, as 
shown herein, are very slight, can be ab- 


sorbed in the present rates and the new 
lamps supplied free on the same basis as 
the present lamps. 

Second—Where rates are very low with 
no margin available, the rates can be in- 
creased by the small margin necessary to 
cover the slightly increased cost of lamp 
renewals. On rate systems which charge by 
lamp-hour, lamp-month or lamp-year, this 
increase can be readily made. On regular 
watt-meter systems it can be effected by a 
slight increase in the kilowatt-hour rate, 

Thwd—Where rates can not be increased 
by reason of laws in force and otherwise, 
or where rates are low, with no margin 
available for this additional renewal ex- 
pense, 1t would appear to be necessary to 
charge customer an additional sum per 
lamp, represented by the difference between 
the cost of the new lamp and the present 
lamp. 

In general for the new GEM-filament 
lamp it is to be hoped that central stations 
will adopt the first plan and thus insure 
the use of the higher-efficiency lamps. 


RENEWALS WITH THE TANTALUM LAMP, 


For lamps like the tantalum, costing ma- 
terially more than the present lamp, the sec- 
ond or third plans may be adopted, thus 


providing consumers with the lamps at the 


minimum cost by charging only the addi- 
tional cost therefor. Assuming a price for 
the tantalum lamp of 75 cents sy retail. 60 
cents to central stations now buying at 16 
cents, and with a lamp life of 800 hours on 
direct current, the renewal cost will be 1.5 
cents per kilowatt-hour, which is 0.86 cent 
more than present 3.1-w.p.c. lamp-renewal 
costs. 

Or consumers can be supplied with re- 
newals of tantalum lamps at the increased 
cost over present lamps. As compared to 
present 3.1-w.p.c. lamps at 16 cents—the life 
of which (500 hours) is five-eighths that ot 
the tantalum (cost 60 cents), we find the 
relative cost of the tantalum lamp to be 
sixty times five-eighths, or 37-5 cents, De- 
ducting cost of present lamp (16 cents), 
gives 21.5 cents, or, in round figures, 25 
cents more for the tantalum lamp. This is 
about the price of a Welsbach mantle. Elec- 
tric companies could therefore meet Wels- 
bach competition with the tantalum lamp 
by supplying renewals at the same price as 
Welsbach mantles—without increasing re- 
newal costs over free renewals with present 
3.1-w.p.c. -lamps. 

THE EFFECTS IN THE ANALOGOUS CASE OF THE 
WELSBACH LAMP, 


The general effects of the introduction of 
high-efficiency lamps can perhaps best be 
determined by referring to the results of an 
analogous case in the gas business. We all 
weil remember what consternation was 
caused among gas companies with the ad- 
vent of the Welsbach mantle gas lamp sev- 
eral years ago, The improvement produced 
by this lamp was a much greater one rela- 
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tive to the old gas burner than that of the 
new lamps in comparison with the present 
lamps. It was feared generally among gas 
companies that the Welsbach lamp would 
bankrupt them, and the majority of gas 
companies looked upon this lamp with such 
great disfavor that for a long time they 
would not undertake to supply them to their 
customers. How different the actual results 
were from those expected we all well know 
and the present development of gas lighting 
attests. Ffar from being detrimental to the 
gas business it was its salvation and gave 
it a new lease of life in the lighting field, 
proving substantially the benefit to a light- 
ing company of benefiting the consumer. 


GENERAL CONCLUSION. 


Why should not electric lighting compa- 
nies derive similar benefits from the intro- 
duction of higher-efficiency incandescent 
lamps? It would appear illogical to expect 
otherwise, or that any improvement in effi- 
ciency of the electric lamp would not yield 
central stations as desirable and proportion- 
ately as full returns as those obtained in the 
gas business. 

The demand for more light is insistent, 
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and its use appears to increase with every 
improvement in lighting devices. The elec- 
tric lighting industry has suffered for the 


want of higher-efficiency lamps, its growth 


has been retarded, its possibilities curtailed. 

Now with the advent of - incandescent 
lamps giving improvements of 20 and 30 per 
cent and the promise of stil: greater gains, 
the restrictions of the past will be gradually 
removed and the industry is sure to ex- 
pand and develop to the full, measure of 
the opportunity the improvements afford. 

There should be no question ;on this point 
or of the wisdom of supplying. consumers 
electric light at the lowest, passible cost by 
the employment of high-efficiency lamps 
and the adoption of a profitable low-rate 
system of charges—thus giving electric 
lighting the freest rein and enabling it to 
distance its competitors and maintain that 
supremacy which it rightly should hold in 
the lighting field. 

These considerations should prompt each 
and every central-station manager to enthu- 
siastically welcome and promptly utilize the 
new improved lamp and give the benefit to 
his consuming public from whom his com- 
pany’s business is derived and upon whom 
its stability and succéss depends. Spe os 

moe 


CoMPARISON VALUES oF New HiGHeEr-Erriciency Lamps AND PRESENT LAMPS!” 


i 2PM tt Aa aS 


GEM - filament, 
4o-watt lamp, 
162 py. 62:57 
Wein aes 

Ordinary - car- 
bon filament, 
so-watt lamp, 
16 -¢-p., 


20 0.04. 25.0 400.0 


3.1- 
Wi Pra as ae ; 16 0.05 20.0 320.0 
GEM - filament, 
50-watt lamp, 
20-C.p., . 2.5- 
Wep.C, tebe cee 
GEM - filament, 
45-watt lamp, 
{620Cse e2-0- 
W.P.C. ,. ..5 ++. 1000 
Ordinary - car- 
bon filament, 
56-watt lamp, 
IG6—C:p., 93.55 
WisDiGs totes «ek O00 
Tantalum - fila- 
ment, 50-watt 
lampAg25-6-D; 
2.0-W.P.C. 


500 20 0.05 20.0 400.0 


20 S045 22 235585 


16 0.056 17.84 285.4 


800 60 0.05 20.0 500.0 


6 7. 8 9 TOs tal 12 


2c. 1.0(c. | 0.04 ¢."> 2.5 cr $2.00 $5.00 $5.00 


0.64c. 


BIC: 0:032C. 2.0 Cc, 5.00 5.00 5:00 
25¢. 0.8 €.-10,04 C1, 72.0 .C> 45.00 5-00 naz. 
28c.. 0.44C. 0:10 €.,* 1,25C(24.5019'5.00 5.00 

: | a 7 : 
35¢.' O13'C. 0102 C. 1.0 ©. 5.60 5.00 5.00 
Soc, “1.8 "OOz5C, .30 © 5.00 5001-780 


Col. 1.—Useful life of lamp in hotits.. Col. 2—First cost of lamp in ‘cents. Col. 3.— 
Kilowatts per lamp. Col. 4——Lamp-hours per kilowatt-hour. Col. 5.—Candle-hours per 
kilowatt-hour. Col.6—Cost of 1,000°candle-hours of light at 1oc. per kilowatt-hour. Col. 
7—Lamp renewal costs pet kilowatt-hour. Col. 8—Lamp renewal costs per lamp-hour. 
Col. 9—Lamp renewal costs per 1,000 candle-hours. Col. 10—Income per lamp per 1,000 
hours’ service on kilowatt-hour basis at 1oc. per kilowatt-hour. Col. 11.—Income per lamp 
per 1,000 hours’ service on lamp-hour basis at Yac. per lamp-hour. Col. 12—Income per 
lamp per 1,000 hours’ service on candle-hour basis at 31.2c. per 1,000 candle-hours. 
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LONG FLAME ARC LAMPS 


By LEonNARD ANDREWS. 
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Until comparatively recently, all tests 
and experiments made with arc lamps ap- 
peared to show conclusively that to obtain 
the highest efficiency the length of the arc 
should not exceed 3 mm. or 4 mm. Mrs. 
Ayrton shows that “almost the whole of the 
increased power that has to be supplied to 
the arc when it is lengthened is swallowed 
up by the mist, and is practically wasted.” 
The following table of comparative effi- 
ciencies appears to show, however, that, 
whilst increasing the length of the arc be- 
yond 3 mm. or 4 mm. does tend to reduce 
the efficiency of arc lamps with coaxially ar- 
ranged pure carbons, this rule does not 
apply to many of the long flame arc lamps 
having inclined downward-feeding carbons 
which have now begun to be very generally 
used. 

Taking the mean of the results given by 
different authorities, and reducing them all 
to a common basis by making the neces- 
sary corrections for globes and different 
standards of illumination, it appears that 
the relative eficiencies expressed in mean 
hemispherical British candle-power of the 
different types of lamps are annroximatelv 
as follows: 


GP: CPs 
per amp. per watt. 
Ordinaryeopen arcs 2). J. | 82 1.54 
ENC sea maleate ios hia: WSS 0.77 
CAL DOMCuAs Ra ys.c on. 200 2.24 
Chemicalicarbon’arc.., 0...) 250 5.80 


Returning to the question of long arcs 
versus short arcs, it is an interesting fact 
that all the very marked improvements that 
have been made in arc lighting during re- 
cent years have been effected by the use 
of arcs from Io mm. to 15 mm. in length, 
and investigation shows that the great im- 
provement in efficiency is directly or in- 
directly due to this increased length. 

The improvements effected may be briefly 
summarized as follows: (ia) The formation 
of the positive crater in such a position that 
none of the light emitted by it is obstructed 
by the negative carbon. (b) The impregna- 
tion of the carbons with metallic salts, 
thereby rendering the flame highly lumi- 
nous. 

It is well known that the maximum il- 
lumination obtainable from a pure carbon 
arc lamp in any direction is proportional to 
the area of the positive crater visible in 
such direction, plus the light emitted by 
the red-hot portions of the carbons, the 
white spot on the negative, and the flame 
Orearc mist; and’ ‘since the area of the 
crater is approximately proportional to the 
current and is not appreciably increased by 
an increase of voltage, it would appear at 
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first sight that to expend energy on an in- 
crease of voltage must tend to decrease the 
efficiency. It must be remembered, how- 
ever, that for all practical purposes it is 
not so much the actual area of the crater 
that determines the useful efficiency of an 
arc as the area visible at any angle below 
the arc. Mr. Trotter has shown that if 
none of the light from the positive crater is 
intercepted, then the candle-power from this 
source at any angle may be represented by 
the radius vectors of a circle drawn to such 
a scale that the diameter of the circle is 
proportional to the candle-power measured 
directly facing the crater. 

Many attempts have been made during 
recent years to solve this (at first sight) 
simple problem. Some of these attempts 
have been directed towards increasing 
the length of the arc of an ordinary arc 
lamp, with the idea of thereby allowing 
more light to escape. In some notes on 
Angold arc lamps published by the General 
Electric Co. it is stated “an increase of 
voltage lengthens the arc and decreases 
the shadow of the negative carbon, thus 
giving more light at a greater efficiency, 
but the practical limit is reached at 45 volts, 
when the unsteadiness from flaring counter- 
balances the improvement in light.” Mrs. 
Ayrton shows, however, that no useful ob- 
ject is cbtained by increasing the length of 
an ordinary arc beyond 3 mm. or 4 mm., 
as the light absorbed by the lengthened 
arc mist exceeds the additional light which 
escapes unintercepted by the negative car- 
bon. 

Various other attempts have been made to 
get an unobstructed positive crater by the 
use of inclined carbons, but all these experi- 
ments appear to have been carried out with 
voltages of from 4o to 45 volts across the 
arc, and at these pressures the crater forms 
on the side of the positive carbon between 
it and the negative, instead of at the tips, 
and consequently, at pressures of less than 
60 or 70 volts, more light is intercepted by 
the negative carbon with inclined carbons 
than with carbons arranged in the ordinary 
way. Mr. Carbone appears to have been 
the first to suggest that the solution of 
the difficulty was the use of. inclined car- 
bons combined with a voltage of from 80 
to 90 volts across the arc. Whilst the mere 
appreciation of the advantage of high volt- 
age with inclined carbons constitutes a 
marked advance in arc lighting, further 
invention was necessary to render the sys- 
tem practicable. Carbone also discovered 
a method of controlling the long are with- 
out flickering, and succeeded in obtaining 
a form or shape of flame which reduces to 
a minimum the absorption of the light from 
the crater by the arc mist. 

Fig. 1 shows the ends of carbons and 
the economizer of a “Carbone” arc lamp. 
The arrangement of these appears to be, at 
first sight, precisely similar to that of all 
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other flame arc lamps. The essential dif- 
ference, however, lies in the magnetic con- 
trol of the arc.. Any attempt to repel the 
arc to the tips of the carbons by means of 
a moderately strong concentrated magnetic 
field produces an effect somewhat similar 
to that of a blowpipe, tending to blow the 
are into a bluntly-pointed flame, extremely 
difficult to keep steady, and of a shape that 
increases the length of the arc mist to be 
traversed by the light emitted by the posi- 
tive carbon. 




















PIGS aT: BIG. 2. 


The Carbone method of controlling the 
position, of, (the atc is, shown. in, Fig. § 2. 
This consists of a closed iron magnetic 
circuit, the only field affecting the arc being 
that due to magnetic leakage from this 
closed circuit. The chief. leakage will 
obviously be from the ends of the cores 
carrying the exciting solenoids. The 
magnetic circuit from the ends-of these 
cores is completed through the iron ring. 
This ring, which also serves to hold the 
economiser in position, is fixed concentrical- 
ly with the arc slightly above the plane 
normally occupied by the tips of the burn- 
ing carbons. Holes are drilled in the 
ring midway between the points to which 
it is fixed to the core, thereby increasing 
the magnetic reluctance, and causing fur- 
ther leakage, at points approximately at 
right angles to the cores. The result is a 
weak hemispherically-shaped leakage field 
of just sufficient strength to maintain the 
craters at the tips of the carbons, the shape 
of the flame covering the mouth of the 
economiser somewhat resembling that of a 
soap bubble covering the bowl of a tobacco 
pipe under very slight pressure. 

Turning now to the second improvement 
effected in arc lighting, namely, that due to 
the impregnation of the carbons by metallic 
salts, even greater radical departures from 
hitherto accepted principles are found. It 
would appear, that of the total candle-power 
of 2,750 hemispherical candle-power emitted 
by a 10 ampere chemical carbon arc, less 
than 700 candle-power is emitted by the 
positive crater. Whilst, therefore, the high 
efficiency of this type of arc is in a measure 
due to the formation or the craters in such 
a position that none of the light from the 
positive crater is intercepted by the negative 
carbon, it is evident that it ts only partially 


due to this cause. When the shell on the 
side of the positive carbon nearest to the 
negative carbon has burnt away, the crater 
gradually travels round to the opposite side 
of the carbon. This causes considerable 
difference in the pressure across the arc, 
the total variation sometimes amounting to 
as much as,15.per cent.; that is to say, the 
voltage will increase from 40 volts, when 
the crater is on the near side of the positive 
carbon, to 46 volts when it is on the far 
side. It is interesting to note that, owing 
apparently to the lower resistance of a 
chemical -carbon-arc,, the craters can be.re- 
tained at the tips of the carbons with a 
very much lower voltage than is required 
for a pure carbon arc. Another noticeable 
difference between chemical carbon arcs 
and pure carbon arcs is to be found in the 
drop of potential across the positive crater. 

The buik of the light from a chemical 
carbon arc emanates from the flame, and is 
apparently due to minute burning particles 
in the flame which are raised to a very 
high state of incandescence. It has been 
found that the relative intrinsic brilliancy 
of the flame of a chemical carbon lamp is 
about one-third that of the positive and 
negative craters. It must be remembered, 
however, that the area of the flame visible 
at.any angle 1s many. times “that; ommtne 
crater, and the total light emitted by the 
flame is consequently many times that emit- 
ted by the craters. 

Whilst the commercial use of chemically 
impregnated carbons has only come to the 
fore within the past two or three years, 
the idea is by no means new. Mr. Trotter, 
in his Paper before this Institution in 1892, 
made the following reference to the sugges- 
tion: “Several attempts have been made to 
improve the arc by adding volatile sub- 
stances, or by introducing gas through a 
hollow carbon. The only good effect that 
can be expected is the production of a long 
arc, which will reduce the shadow of the 
lower carbon; and it is likely that the 
temperature of the crater will be reduced 
by the: presence of any substance less 
volatile than the best carbon.” It would ap- 
pear from the above that the chief gain in 
efficiency due to the high luminosity of the 
flame was not then appreciated. The effi- 
ciency of a chemical carbon lamp is so very 
much higher than it has yet been possible to 
attain with any type of pure carbon arc that 
it might appear at first sight that the use 
of pure carbons would very soon cease. 
Unfortunately, however, the advantage 
from the. point of view of efficiency is dis- 
counted by certain defects which render this 
type of lamp unsatisfactory for many pur- 
poses. 

The flickering noticeable in all chemical 
carbon lamps cannot at present be entirely 
overcome, though it has been greatly re- 
duced in recent lamps. Considerable im- 
provement has been effected during the last 





THE ILLUMINATING ENGINEER. 311 


year or two.in the composition of the car- 
bons used for chemical, carbon. flame arc 
lamps. The large amount of calcium salts 
first proposed by Bremer and the non-con- 
ductive scoria caused a great irregularity 
in burning. The carbons are now usually 
of the composite type, consisting of three 
zones. The outer zone or envelope is com- 
posed of pure carbon, giving mechanical 
strength. The next contains carbon mixed 
with various salts, such as those of calcium 
and magnesium, and the inner soft centring 
core 1s made of the same materials less 
strongly compressed. 

The poisonous fumes given off by the 
burning chemicals make the lamp unsuitable 
for use in a room not very efficiently venti- 
lated, besides which these fumes are very 
apt to injure the mechanism of the lamp. 
The ash or residue from a chemical carbon 
arc is very much greater than from a pure 
high-voltage flame arc lamp. The author 
has obtained photographs of the ash from 
a IO ampere chemical carbon are and from 
aplozampere-. Carbone’ -pure:-carbon: arc 


after two hours’ burning by placing plates © 


of clear glass in the respective globes, these 
being carefully removed without disturbing 
the ;ashyand used as negatives. “The ash 
from the chemical carbon lamp was many 
times greater than that from the pure car- 
bon arc. The carbons are at present con- 
siderably more costly than pure carbons. 
and as the globes cannot be entirely enclos- 
ed the life of the carbons is very short. The 
light is useless in positions where discrimi- 
nation of colors is required. 

Color.—The color of an artificial light 
is for many purposes of even greater im- 
portance than its efficiency. Considerable 
difference of opinion exists as to what is 
the best color, and this difference will prob- 
ably remain so long as it is attempted to 
define any one particular color as the best 
for all purposes. For the illumination of 
the outsides of public buildings, theaters, 
etc. (especially where these are built of 
stone), there is nothing more effective and 
more pleasing than the yellow color given 
by the chemical carbon arc lamp. It is also 
the best light for penetrating a thick yel- 
low. fog. For many other purposes, how- 
ever, a pure white light is generally to be 
preferred. What is the exact definition of 
the term “white light” is somewhat difficult 
to express.. It is. certainly. not the violet 
tinted light of the ordinary arc lamp, nor 
is 1t the distinctly green light of the incan- 
descent gas lamp. Possibly the best defini- 
tion is: “A. light. which. makes. all colors 
appear to. be. exactly the. same, whether 
illuminated by daylight or the artificial light 
in question.” The yellow. light given by the 
majority of chemical carbon lamps is some- 
times claimed to be similar to that of sun- 
light. One of the best tests of this is to 
examine colors, or, say, a. crowd of. faces 
illuminated by one of these lamps. It will 
be at once apparent that the resemblance in 


the effect of the two lights is extremely 
Hremeote: 

The nearest approach to a pure white 
light that has yet been attained by artihcial 
means appears to be that of the high-pres- 
sure pure carbon are with downward-feed- 
ing inclined carbons. That it is so, how- 
ever, iS somewhat surprising, as it would 
be expected that the very long flame of the 
high-voltage arc would give a very violet 
light. The extreme whiteness of: this light 
is referred to by Dr. Wedding in his report 
on the; Carbone’: arcie In, discussing . the 
cause of this he says: “The spectroscope 
analysis shows a very wide spreading out in 
the violet parts of the spectrum alongside 
of a strong line in the yellow. green. 
Numerous lines stand out in the violet, 
through which no doubt the tone of the 
color is called forth.” 

sir W. Abney has shown that the light 
emitted by the positive crater of a pure 
carbon arc lamp is very like sunlight, but 
has a slight excess of orange and green 
rays, and a slight deficiency of blue. Not- 
withstanding this generally accepted fact, 
it is well known that the light from an 
ordinary arc lamp tends to make objects 
appear to be blue or purple, particularly 
when the are is long. Mrs. Ayrton attri- 
butes this blueness to the fact that a portion 
of the light from the crater in passing 
through the flame of the arc is reflected and 
refracted by minute particles of incan- 
descent carbon, and as these carbon parti- 
cles absorb the red and green rays, and 
allow the violet rays to pass, the light emit- 
ted by the flame or carbon mist is of a 
deep violet color. It would appear, there- 
fore, that if just the correct quantity of this 
violet light could be mixed with the direct 
light from the. crater, which, as has been 
shown, is deficient in violet rays, the result 
would be an exact reproduction of sun- 
light. In.the ordinary direct current -arc, 
a large percentage of the crater light is 
intercepted by the negative carbon, where- 
as, owing to the very much larger area of 
the flame, comparatively little of the light 
from-it is so intercepted. The resultant 
mixture, therefore, contains far more violet 
rays than are. required to produce a pure 
white light. 

The color effect of intercepting a portion 
of the light emitted by. the positive crater 
may be shown by.a simple experiment sug- 
gested by Mrs. Ayrton. Ifa plate of metal 
is interposed between the. arc and a screen, 
the shadow of the metal will be edged with 
a broad band of violet light, this being the 
portion of the screen illuminated by the re- 
fracted light from the carbon particles con- 
stituting the arc mist. 

Now it appears. reasonable to argue that 
the interception of some of the direct rays 
from the. positive crater by the negative 
carbon. of-an ordinary arc. lamp must have 
the same effect upon the total color of the 
light as the metal screen referred to above. 
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The fact, therefore, that none of the crater 
light of the “Carbone” arc is intercepted 
may, at any rate partially, account for the 
pure whiteness. of thisslieht, tas also 
noticeable that the light from the flame it- 
self is by no means so violet as that of an 
ordinary arc lamp. This appears to be due 
to the large area of the sheath of burning 
gases. Is it not possible that this sheath 
is the cause of the numerous dark lines 
which Dr. Wedding observed in the viotet 
portion of the spectrum, and to which he 
attributes the tone of the color? Certainly 
the portion of the arc mist which is not 
sheathed by burning gases (namely, the 
upper portion of the hemispherically shaped 
flame) does emit a light which is intensely 
violet. This very violet light is thrown up 
into the mechanism between the carbons 
and the insulating carbon guides. 

General Effect and Distribution of Light. 
—It is interesting to note that arc lamp 
designers have during recent years paid 
very much more attention to these points. 
There is no doubt that for effective light- 
ing the globe should have the appearance 
of being full of light. The popularity that 
has recently been attained by several types 
of enclosed arc lamps is undoubtedly in a 
great measure due to the use of small 
globes, and whilst the efficiency expressed 
in the “mean hemispherical candle-power 
per watt” is considerably lower than that 
of the large globe open-type arc, the eff- 
ciency expressed in the “satisfaction to the 
general public per watt” is considerably 
greater. The long flame arc is particularly 
well adapted for use with small globes, and 
all flame lamps, whether of the chemical 
carbon type or of the high-voltage pure 
carbon type, always appear to give a good 
globeful of light. This effect is also in a 
great measure due to-.the absence of shad- 
ows resulting from the use of inclined car- 
bons. 

It must be remembered that the general 
public do not judge of the efficiency of any 
system of lighting by taking photometric 
tests. It would probably be much better 
for the electrical industry if they did. Their 
usual method of judging a light is, first to 
look at the source of light, to satisfy them- 
selves that there is a large area of light- 
giving surface, and secondly to examine 
the ground directly below the lamp they 
are judging. The engineer, however, rec- 
ognizes that it is of even greater impor- 
tance to know what is the minimum illu- 
mination midway between lights than it is 
to know the maximum illumination direct- 
ly below the arc. 

It is well known that at least 4o per cent. 
of the light emitted by an arc lamp is in- 
tercepted by the opalescent globe. This 
waste, with ordinary arc lamps, appears to 
be necessary, in the first place to prevent 
the dazzling effect which would result from 
an tmscreened arc fixed at a position that 
comes within the natural angle of sight, 
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and in the second place to give a diffused 
light, or the effect of a light emitted from 
a large surface. Dealing first: with the 
screening effect necessary to prevent daz- 
zling, this need not be considered if the 
source of light can be placed at such a 
height above the ground that it does’ not 
come within the natural angle of sight. It 
appears, in fact, that we might take a les- 
son from Nature. At midday, in  mid- 
summer, when the sun is directly above 
our heads, and consequently not within 
the natural angle of sight, the light emitted 
by it is comparatively unscreened, and is 
blinding to look at, even for a moment. 
When the sun is setting, however, and is 
consequently directly within the angle of 
sight, such a large percentage of its light 
is intercepted or screened by. the atmos- 
phere that we are able to distinguish ob- 
jects clearly which are in a direct line be- 
tween ourselves and the sun. 

Owing to the fact that with an ordinary 
arc the bulk of the light is emitted at an- 
gles of less than 60 deg. below the hori- 
zontal, it is necessary to place such lamps 
comparatively near the ground to get effi- 
cient results from them. This objection 
does not, however, apply to long-flame are 
lamps, in which the maximum light is di- 
rectly below the arc. It appears, therefore, 
that for many purposes, such, for instance, 
as for lighting large buildings, where the 
source of light can be placed 30 ft. or 40 
ft. above the ground, it is unnecessary to 
use densely-obscured globes. It is suggest- 
ed that for this purpose long-flame arc 
lamps should be used, fitted with globes of 
which the lower half is unobscured. 
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Curves Ai, Bi and C, Fig. 3, show  re= 
spectively the illumination per square foot 
on the floor space of a room illuminated 
by 800-watt high-voltage pure-carbon long- 
flame arc lamps, with globes half unob- 
scured at A, A, 25 ft. above the ground, 
and with similar lamps fitted with globes, 
absorbing 40 per cent. of the light at B, 
B, B, 20 ft. above the ground, and with 
460-watt ordinary enclosed arc lamps at C, 
C, C, etc, 10 ft. above the ground. It will 
be seen that the mean illumination is ap- 
proximately the same in each case, but that 
a considerable saving of energy is effected 
by using unobscured flame lamps 25 ft. 
above the floor level. It is also noticeable 
that the distribution of light is much more 
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even with the few lamps placed high up 
than with the larger number of lamps near- 
er the floor. Fig. 24 shows the arrange- 
ment of lamps required to produce a given 
mean illumination over a given floor space, 
the energy expended with the three sys- 
tems being respecitvely as follows: 


Watts. 

Four 800-watt unobscured high-volt- 
age flame lamps.. at 
Eight 800-watt obscured high voltage 
BIATACMRATIED SPE P.M ern eke Gee 6,400 
Thirty-five 460-watt enclosed arcs.. 16,100 


3,200 


It is obvious that by doubling the height 
of all the lamps a floor space of four times 
the area would be illuminated to one-fourth 
the brilliancy, the relative illumination over 
the larger floor space being similar to that 
represented by curves Ai, Bi and C:. Fig. 6. 





©) irons 10 amp.90 volt Lamp with Partially Obscured Globe. 


ag ee ap is - Totally Opaque Globe. 


©.... 6 amp.70 volt Enclosec Arcs with Opalescent Inner and 
Clear Outer Globes. 


FIG cS: 


Alternating-current Arcs. — Alternating- 
current lamps are very unpopular in this 
country on account of their very low use- 
ful efficiency. This is in a great measure 
due to the fact that about 50 per cent. of 
the light is thrown up into the air, where 
for many purposes it is entirely wasted. 
This defect, however, disappears in lone- 
flame downward-feeding carbon arcs, as the 
whole of the light emitted by both craters 
is thrown down. Dr. Wedding has found 
that the efficiency of an alternating-current 
lamp of this type is practically similar to 
that of a. direct-current arc of the same 
type. 

The author has obtained a photograph 
showing the area of craters of a IO ampere 
pure carbon high-voltage arc, the current 
being 10 amperes, voltage 67 and the area 
of the craters 15.3 sq. mm. The watts per 
square millimeter of crater area are there- 
fore 44. They are consequently no greater 


for this alternating-current arc than for the 
IO-ampere direct-current arc. 

Another objection to alternating-current 
arcs is that, when connected across an al- 
ternating-current circuit of less than 50 
cycles per second, the flickering is very ob- 
It appears that this difficulty 


jectionable. 





FIG. 6. 


may also be considerably lessened by using 
downward-feeding carbon arcs in which 
both craters are “visible directly below the 
arc. As in the ordinary coaxially arranged 
carbon arc only one crater is visible from 
any position during one entire half of each 
cycle, there must of necessity be a dark 
period between each flash of light. 


OBSERVATIONS ON THE MER- 
CURY ARC AND SOME RE- 
SULTANT PROBLEMS IN 
PHOTOMETRY 


By C. OrmMeE BASTIAN. 


READ BEFORE THE GLASGOW LOCAL SECTION OF 
THE INSTITUTION OF ELECTRICAL ENGI- 
NEERING, CN TUESDAY, MAY 8TH. 

( ABRIDGED. ) 


Throughout this paper a distinction is 
drawn between the mercury arc lamp, 
which is provided with mercury electrodes, 
and the mercury vapor lamp, which is pro- 
vided with electrodes of some non-readily 
vaporisable material (such as iron or car- 
bon) in an atmosphere of mere mercury 
vapor enclosed at a certain low specific 
density. In the latter type of lamp—more 
akin to a Geissler tube—the density of the 
mercury vapor within it must be the same 
when it is cold as when it is heated and 
in operation, whereas the vapor density 
within the mercury arc lamp varies as the 
temperature varies, owing to vaporisation 
or condensation of the mercury at the 
electrodes. 

The author’s serious attention was first 
directed to the mercury arc in the year 
1902, whilst experimenting with a mercury 
switch in series with a 200 volt I00 c.p. 
carbon filament lamp. The mercury was 
enclosed within an exhausted glass tube 
about 4 in. diameter, and it was observed 
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that, on tilting the tube to cause the mer- 
cury to divide into two separate bodies, the 
effect was not to break the circuit, but on 
the contrary a 3-in. arc was formed be- 
tween the two separate bodies of mercury, 
and at the same time it did not appear that 
there was any marked diminution in the 
light yielded by the carbon filament lamp 
in-series. This brilliant 3-1in. mercury arc 
was, therefore, apparently consuming a 
comparatively neligible quantity of energy, 
and the experiment furnished a sufficiently 
conclusive object lesson to encourage fur- 
ther trials, and particularly so when it was 
noticed that. by enclosing the carbon fila- 
ment lamp and the mercury “switch” under 
the same globe, a very pure white light was 
obtained from the combined spectra. It 
seemed as though something were being 
obtained-for nothing, since the new com- 
bination certainly yielded much more illum- 
ination than the carbon filament lamp alone, 
and the consumption of energy was meas- 
urably less. 

Extended trials have forced the author 
to the conclusion that there is an alto- 
gether unexpected gain in luminosity ob- 
tainable by combining the characteristic 
green light of the mercury arc with the 
light yielded by a carbon filament lamp, 
in which, of course, red is the predominat- 
ing “color and 1 16 tthotenht that van ex- 
planation of this phenomenon may be found 
in a study of the physiological effect ot 
light energy upon the optic nerve. 

Every color produces a certain degree of 
visual effect, and white light undoubtedly 
produces the greatest visual effect of all. 
It seems not unreasonable, therefore, to 
conclude that an actual gain is effected by 
combining two colors. to produce white 
light, and this being so, then the addition 
of a carbon filament lamp to a mercury arc 
lamp results in a much more efficient light- 
producing combination than one would at 
first expect. It would be idle to claim any 
degree of gain in visual’ effect if, by the 
blending of red and green light, there were 
merely produced a-mired effect due. to 
those colors, instead.of the entirely different 
compound effect which actually. is the result 
of their combination. The increased il- 
lumination can be optically demonstrated 
by causing two beams of light, red and 
green respectively, to impinge side by side 
upon a white. surface, and, after taking 
note of the illumination yielded by the two 
separate colored patches, deflecting the 
beams so that they are superposed, when a 
white light of greatly increased brilliancy 
will be the result. 

It has been found impossible to first pho- 
tometer a red light and then a green light, 
and then the-white light resulting from the 
combination of the two, because the candle- 
power of a green light cannot possibly be 
determined or expressed any more than 
the intensity of one odor can be expressed 
in terms of a totally “different odor. 
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The light from a candle bears no more 
relationship to the light from a mercury 
lamp than the smell of a violet bears to 
the smell of a rose, and any numerical com- 
parison between them .would be equally 
meaningless and impossible. 

Several testing authorities have ex- 
pressed the opinion that the impossibility 
of obtaining accurate and uniform results 
of the candle-power of a mercury lamp as 
compared with the usual carbon filament 
standard is to be ascribed to the Purkinje 
phenomenon, his law, according to Helm- 
holtz, being as follows: “Intensity of sen- 
sation is a function of the luminous inten- 
sity, which differs with the kind of light;” 
and the author. would amplify this law by 
stating that the optic nerves are propor- 
tionately more responsive to a white light 
than to any of the individual component col- 
ors, and that they respond to the compo- 
nent- colors-in-varying- degree. ~While- the 
above law helps to. explain:the fact that a 
white light yields more visual effect than 
when it is resolved into its component col- 
ors, nevertheless it does not help towards 
an understanding of the further fact that 
a greenish-blue light gives better and better 
comparative photometric results as its dis- 
tance from the carbon filament standard is 
gradually increased. 

A mercury lamp testa@d at the Laboratoire 
Central d’Electricité (Paris) at 1.86 metres 
from the standard was returned as being of 
14 c.p., but when tested against the same 
standard at the increased distance of 21.5 
metres it was returned as being of 25 ap. 
and the only explanation that was offered 
to account for the discrepancy was that it 
was due to the Purkinje phenomenon; but 
the author considers that this is no suffi- 
cient explanation at all, and that the vary- 
ing results obtained are principally: due to 
two additional causes: (1) The difference 
in the intrinsic light density of the two illu- 
minants. (2) The different resistance 
offered by the atmosphere to the passage of 
different luminous wave lengths. 

It must be remembered that the law of 
inverse squares is a law founded on purely 
geometrical considerations, based on the 
fact that light ways diverge in, a -definite 
manner, and on the assumption that the 
source. of* light is a-point. In practice the 
latter assumption can, of course, never be 
correct, and the more diffused the light 1s 
at-its source’ the greater will be the error 
due to this wrong assumption; and that 
this error is not of a negligible quantity will 
readily be appreciated when it is pointed 
out that the intrinsic heht density of a car- 
bon arc lamp, as compared with a mercury 
arc lamp, is in about the ratio of 40,000 
to 10 as nearly as can be computed. Ganot 
points out that “it is important to observe 
that it is in consequence of the divergence 
of the luminous rays that light»decreases 
as distance increases. This decrease does 
not obtain im the case of.parallel rays; their 
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lustre would be the same at all distances 
were it not for the absorption, which takes 
place even in the most diaphanous media.” 

By absorption of light, transformation of 
light into non luminous wave-lengths must 
be understood, and it is submitted here that 


such transformation of light, due to the 
resistance of the atmosphere, is not taken 
any account of in practical photometry 


to-day, whereas proper consideration of the 
losses due to this cause would go far 
towards accounting for the discrepancies 
which are referred to above, and which, 
by most practical men, are regarded as un- 
explainable phenomena, Te is: “ditheultete 
conceive why these losses are not generally 
appreciated as probable sources of grave 
error in photometric work, and are not 
allowed for accordingly. 

The further the photometric screen is 
from the source of light, the more nearly 
will the rays impinging on it be parallel to 
one another, and the lower the intrinsic 
light density at its source, the lower will be 
the light density of the approximately par- 
allel rays in the intervening medium _ be- 
tween the source of light and themscreen.; 
and, bearing this in mind, it will be ap- 
Parenuutmat, ins tie Case: Of (a. carbon arc 
lamp, the light density in this intervening 
medium is about 4,000 times greater than 
it would be in the case of a mercury arc 
lamp; and it is submitted that the trans- 
formation of light into obscure energy in 
that medium would take place in the same 
proportion; and if so, this would suffi- 
ciently account for the fact that illuminants 
of low-light density, such as mercury arc 
lamps, incandescent gas mantles, bat-wing 
cas ptirners, rete:, yield. light of -much 
greater penetrative quality than that yielded 
by an open-type carbon arc. 

That the atmosphere conducts or trans- 
mits light of one color better than light of 
another color is no new theory, but a thor- 
oughly established fact pointed out by Tyn- 
dall-andsothers: andeit is because air isa 
better conductor of blue light than any 
other color that distant objects appear blue, 
the light reflected from distant objects 
being all transformed into obscure wave- 
lengths except the blue lght, which per- 
sists as such with less proportion of loss. 

Tyndall also states that transparent bod- 
ies assume the color which they best trans- 
mit; hence the blue color of the sky and 
the green color of water; and it follows 
that the atmosphere, composed as it is of 
air and water vapor, should:be a better 
conductor of blue and green dJight than of 
any other colors; and this theory is exactly 
borne out by all photometric tests. which 
have been made with the mercury arc lamp, 
in the spectrum of which, as is well known, 
in addition to yellow, green and blue, are 
very abundant. The mercury arc light 
compares more and more favorably with a 
reddish-yellow standard as its distance 
from the standard is increased, and it is 


maintained that this increase of distance, 
resulting as it does in an increased length 
of resisting medium—especially when con- 
sidered in conjunction with the intrinsic 
light density at the two lamps—will better 
explain the non-uniformity of the results 
obtained than a consideration of Purkinje’s 
law alone. 


—_—_— 


THE LIGHTING OF 
CHURCHES 


By Epwin R. WEExks. 


PRESENTED AT THE AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS, NEW YORK. 


Few inventions have been more far 
reaching, or more generally adopted, than 
those pertaining to artificial illumination. 
Places of amusement, public buildings, 
parks and boulevards, expositions, steam- 
ship lines, railroads, and residences—all vie 
with each other in the extent and decorative 
features of their lighting. Science has long 
since formulated the principles upon which 
improved methods are based and inventors 
and factories have supplied the apparatus; 
yet in one class of buildings there has been 
little, if any, effort to make full use of the 
possibilities of artistic and effective illu- 
mination. Churches are still character- 
ized by the notoriously poor lighting in- 
herited from the dark ages when “the print- 
ed word was unknown. 

Next to the acoustics, there is no feature 
of church architecture of greater impor- 
tance than that of lighting. While defeé¢- 
tive acoustics are an annoyance at all sér- 
vices and deprive parishioners of mucly of 
the benefit and enjoyment for which ‘they 
attend church, they do not belittle the ar- 
chitecture or deplete the exchequer. An 
inadequate system of lighting, however, is 
not only an extravagance, but it practically 
eliminates the beauty and effectiveness of 
capital, entablature, and vaulted roof with 
their costly decorations and symbolism. 

The proverbial “dim religious light” of 
ecclesiastical structures is due to. several 
Architectural 


NOTES ON 


causes. limitations produce 
an unequal, and at times, insufficient dis- 
tribution even of daylight, and the im- 


mense distances through vaulted dome and 
transept make uniform artificial lighting by 
the old methods of suspension practically 
impossible. Again, the immemorial custom 
of using somber woods and gloomy wall- 
tints adds to the difficulties; and the in- 
ertia of precedent and a false economy con- 
tinue these obsolete practices long after 
more scientific methods are available. 
Suspension devices have persisted from 
the time of the torch and tallow dip, al- 
though the advent of a most flexible me- 
dium has made their use inexcusable. Chan- 
deliers; are, at best, ‘costly in installation, 
wasteful, and hazardous in _ operation; 
grouping the lights at a few points, usual- 
ly in the plane of vision, they are painfully 
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obtrusive and inartistic. In churches upon 
which large amounts have been expended 
to create spacious and inspiring auditori- 
ums, it is not uncommon for the chief im- 
pression to be that of glittering pyramids, 
completely nullifying the sense of restful 
worship which should characterize such an 
interior. 

It is, of course, true that lamps in re- 
ceptacles flush with the ceiling or high 
wall-panels give less light in the reading 
plane than do the same lamps suspended 
a few feet above this plane; but when so 
placed they may be made to serve the pur- 
poses of uniform distribution, of didactic 
symbolism, and of displaying and even 
forming an important part of the architec- 
tural and mural decoration. These advan- 
tages furnish ample consideration for the 
cost of the additional lamps required to 
give the Jight needed in the reading plane. 

The chief requisites in church lighting 
are adequacy and uniformity. The maxi- 
mum variation throughout the auditorium 
should not exceed 20 per cent. This uni- 
formity is seldom secured with daylight, 
but there is no reason why it should not 
be attained with artificial light, since elec- 
tricity can easily be transmitted to all parts 
of the building and practically moulded to 
suit the demands of distribution as well as 
the needs of the architecture and decora- 
tion. In this respect the electric light may 
be said to “beat daylight.” 

The amount of light in the reading plane 
should not be less than two candle-feet; 
that is, about twice the light required by 
the average person for reading without the 
impairment of eyesight. The frugal ves- 
tryman may ask, “Why double the amount 
of light?” The answer is that the best 
and most attractive lighting 1s not only an 
excellent advertisement and a means of 
grace, but it may be quite economically em- 
ployed in assembly rooms which are occu- 
pied but six or eight hours each month, if 
the controlling devices be properly designed 
and used. Furthermore, a religious gath- 
ering, more than any other concourse of 
people, contains persons of all ages, many 
of whom have failing eyesight, and all of 
whom should have sufficient light to enable 
them to read the lines of text or hymn. 
With an expense of two dollars an hour 
for light which gives perfect satisfaction to 
every one in the audience, and makes of 
the auditorium a beautiful and attractive 
place for young people, there can be no 
question of extravagance. The extrava- 
gance lies rather in employing a system 
which although it may cost half as much, 
fails to give satisfaction to any consider- 
able number of the congregation. 

A well-planned layout of switch-control 
effects a great economy in anv installation; 
this is especially true in a building contain- 
ing an assembly room and using a large 
number of lights. Where circuits are dis- 


tributively interlaced, and a part of all the 
lamps are easily turned on or off, only 
those wanted at anytime and place need be 
used, and none will be left burning because 
to light them later would be too much 
trouble. The most economic as well as the 
most convenient design so places switches 
that at least a part of the lamps in a room 
may be turned on and off at every door of 
the room. It is thus unnecessary, as with 
one switch, to walk back in order to turn 
off the light, and there is less danger of its 
being left on in unoccupied apartments. In 
rooms where varying degrees of light are 
needed, and service is for fixed and regular 
periods, the designer can so arrange the 
groups of lamps that there may be rota- 
tion of use, thus keeping them in uniform 
wear and preventing contrast when all are 
burning. These are a few of the devices 
with which the expert engineer so equips 
his plans that, although the cost of instal- 
lation may seem large, it is more than off- 
set by satisfactory service and economic 
operation. 

There are two general systems of inte- 
rior lighting, the indirect and the direct. In 
the indirect system, the lamps are entirely 
concealed from view and their light is dis- 
tributed by means of reflecting or diffusing 
surfaces. The installation of this system 
is costly, uniform distribution is difficult, 
and, as only about 50 per cent. of the in- 
cident light is utilized, the system is waste- 
ful. In the direct system, the lamps are 
so placed that, although they may be seen, 
they are not in the usual line of vision. 
The installation by this method; is less 
costly, and its operation much less waste- 
ful, since nearly all of the light emitted 
does useful work. It also facilitates uni- 
form distribution, and lends itself more 
readily to decorative effects and the ex- 
pression of symbolism. 

The accompanying figures may serve to 
illustrate the application of these principles 
to a case wherein the expenditure is to be 
moderate. The results are a good distri- 
bution of light and a satisfactory illumina- 
tion in each room. All parts of the audi- 
torium are visible; each seat receives a 
minimum of two candle-feet, and the varia- 
tion is less than 20 per cent. No more 
conclusive justification for the degree of 
control and lighting here provided for 
could be desired than the enthusiastic com- 
mendation of the parishioners, and the fact 
that the monthly bills for current at the 
rate of ten cents per kilowatt-hour, with 
the usual church services, and including 
current for organ motor, range from $15.00 
to $23.20 dollars. 

All lamps in any figure and in all figures 
in the same room are of uniform kind and 
candle-power. All lamps in auditorium 
ceiling outlets are clear standard Edison 
aud all lamps in brackets are frosted sphet- 
1cal. 
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AMERICAN ITEMS 


ELectric LiGHTING AT SUMMER RESORTS ON 
THE ATLANTIC Coast.—Electrical World, 
June 2, 1906. 

An illustrated article descriptive of the il- 
lumination at various resorts on the Jersey 
coast from Atlantic City to Jersey City. The 
illustrations, which are numerous, are most- 
ly from photographs taken at night show- 
ing the illuminating effects. 





Some Points 1n IntumrinatTion. By Cole 
Tay.—Electrical World, June 2, 1906. 
The writer sets forth general rules to be 

followed in lighting of various kinds, giv- 
ing explanations for same, and also ex- 
plains the mathematical formule used in 
making the various computations of illu- 
mination, illustrating the results by curves 
and diagrams. 

As to the intensity required he says: 
“The intensity necessary for good illumina- 
tion varies from % foot-candle for general 
lighting of public halls, etc., 34 for stores 
displaying goods in detail, 1 to 1% for the 
illumination of ball rooms, etc., and 2 to 
24 for reading and desk lamps.” 

It is very doubtful if the layman would 
agree with him in considering the illumina- 
tion represented by these figures as ade- 
quate. In a particular case of store light- 
ing described in another part of this issue 
an illumination running as high as 11 foot- 
candles was not considered at all excessive 
by the managers and clerks. 


Again he says: “Having chosen the in- 


tensity, the height of the lamp is deter- 
mined by dividing the candle-power of the 
lamp by the foot-candles required, and 
taking the square root of the result; this 
gives us the height above the surfaces to 
be lighted.” 

He then proceeds to derive several math- 
ematical formule for the placing of lamps 
based on this assumption, at the close of 
which he very properly discredits both the 
general rule and the formule by the fol- 
lowing statement: “This is assuming that 
the lamps have a uniform intensity at the 
angles covered. This is not true of any 
particular kind of lamp or in different 
makes of the same kind of lamp.” 

Why, then, waste any time in deriving 
formule from conditions which never ex- 
ist in practice? He further states: “The 
rated candle-power of any lamp is the 
spherical or hemispherical candle-power, 
the first being an average of about thirty- 
eight readings of the photometer taken at 
different angles through a complete circle; 
the second, the same _ readings taken 
through a semi-circle.” These statements 


involve an error which it is particularly 
important to avoid. It is really remark- 
able to what an extent either absolutely 
erroneous ideas or imperfect conceptions 
on: this  point:‘are ‘prevalent. ‘In the first 
place, there is no lamp, so far as we know, 
commercially rated at the present time 
upon its spherical or hemispherical candle- 
power. When candle-power is taken as a 
basis of rating, it is on the mean horizon- 
tal intensity. In the second place, spherical 
or hemispherical candle-power is not the 
mean of the intensities taken at various 
angles, but a quantity derived from these 
figures by either a mathematical or graphic 
process. In his calculations further on he 
does not distinguish between illumination 
on a horizontal plane and illumination on 
such a plane normal to the rays. His for- 
mule apply only to the latter case; that is, 
the method which he shows of determining 
the horizontal illumination gives the illu- 
mination normal to the rays at every point 
of the plane, and not the actual illumina- 
tion upon a physical horizontal plane. 





Tue Licutinc or “Pustic, HALts »AND 
LopceE Rooms. By J. R. Cravath and V. 
R. Lansingh.—Electrical World, June 2, 
1900. 

A short illustrated article dealing with 
the particular cases of illumination men- 
tioned. Their general directions are as 
follows: 

“In the lighting of public halls, lodge 
rooms, and the like, the object to be at- 
tained is an even, general illumination of 
the whole room, with as little eye-trying 
glare in the eyes of the audience as pos- 
sible. In lodge rooms of all kinds it is de- 
sirable either to conceal the sources of light, 
or, if this is not practicable; to pla¢e them 
high and so far out of the ordinary line of 
vision that the effect on the eye will be 
least detrimental.” 





Arc Licutinc—Past anp Present. By H. 

C. Rice. Central Station, June, 1906. 

A brief and interesting historical review 
of the development of the are lamp, from 
Sir Humphrey Davey to the present time. 
Illustrated with several cuts and diagrams. 





ELECTRICITY AS AN AMUSEMENT PURVEYOR: 
Its Usrt For FouNTAIN AND. CARNIVAL 
ILLUMINATION, By Day Allen Willey.— 
Electrical. Age, June, 1906. . 

An. article describing and illustrating a 
number of electric fountains and other 
spectacular illuminating installations. 
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FOREIGN ITEMS 


ON THE MEASUREMENT OF 
ILLUMINATION 


The Electrician (London), May 18, 1906. 


Herr F. Uppenborn describes in a recent 
issue of the Elektrotechnische Zeitschrift 
a series of tests which were carried out by 
the Munich electricity works to determine 
the distribution of light in a school room 
illuminated by two arc lamps. Before go- 
ing into the tests the author referred to 
various instruments for measuring illumi- 
nation. In Fig. 1, which represents one 
such instrument, the light penetrates 
through the frosted glass plate p, and is 
reflected by the mirror S on to the photo- 
metric screen P, behind which is a standard 
lamp NL. The photometer is calibrated 
empirically by illuminating the plate p by 
a lamp of given candle-power at a certain 
distance. 





FIG. 2. 


ICS) Whe 


Another arrangement is shown in Fig. 2, 
in which p is a plate of cardboard, plaster 
of Paris, etc., of as white a color as pos- 
sible. The light, which comes from the 
direction E, is here diffused, part of the 
diffused light being reflected by the mirror 


S on to P. The plate must be of sufficient’ 


size to prevent all light from the neigh- 





ILLUMINATION PHOTOME- 
TER, | 


FIG. 3.—MARTENS 


borhood of the plate from falling on S. 
Although the distance between the plate 
and S may have any value, it is advisable 
for practical reasons, not to adopt a larger 
distance than about 1 ft. 8 in. It is also 
well not to make the angle a too large, as 
reflection effects may otherwise occur. 





FIG. 4.—MARTENS ILLUMINATION PHOTOME- 
TER. 


Figs. 3 and 4 represent the Martens pho- 
tometer, which is stated to be especially 
handy for carrying out illumination meas- 
urements. F is a plate of plaster of Paris, 
and is placed where the illumination is to 
be measured. B is a benzine lamp, whose 
light is reflected by the mirrors s: s2 and 
the small reflecting prism p on to the frost- 
ed-glass plate m, from which the rays fall 
through the aperture a on to the part 
marked rt of the double prism Z. Rays 
from F are directed by the aperture b on 
to part 2 of the double prism, and the il- 
lumination of parts I and 2 is rendered 
equal by regulating the illumination at m. 
This is done by’suitably shifting the system 
Oi microrses10 se) tk IS a dIsC,.OF 2 aitiober 
of smoked glasses y and serves to increase 
the range of measurement. 

Fig. 5 is a plan of the school room, whose 
eraitewiss 13 pit.) During (the measure 
ments, the three windows shown were cov- 
ered with blinds of a light color. The po- 
sition of the two arc lamps, which ilumi- 
nated the room indirectly, are shown by 
the two large circles, the distance of the 
arc from the ceiling being 3 ft. 2% in. in 
all ‘cases. The figures at the positions indi- 
cated ‘by full-black points were obtained 
by direct measurement, while the figures 
at the positions marked by small circles 
were obtained by interpolation. Of the two 
pairs of lamps experimented with, one pair 
consisted of differential arc lamps of the 
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Mean illumination in lux.. 

Neat ‘cUrtent in amipenes a. v4 ais 
Maximum current fluctuations..... 
Average supply voltage. 

Maximum voltage fluctuations. 

Average voltage at the lamp.. 

Maximum fluctuations 4 : 
Watts per lux and square meter of floor. 





“Table a 


440 — Fhe 205-—-- M 
i 1! 
Ladies Bi0°760 © 86-87 675 
: i 
F36-6°58-5 


55- 3 3 3 


Rae 


sraiiea 


malin 

s & 
ny 
| 


ii 0 
5) 
39° Sito “0 


33- 


an 
ef 
Oma . ¢ 

es) 


8, 
Solan 
o 


| | 


go nsananesama ans fenetesnn sean sanescoe] | 9--=n=5 Sane nseeto=s 


e 
7 
j. 
3 
re 
iy 


| 
i 


ade! 
f>) 
. nn’ 
i 
oa 
ai oe 
42-2, 
Sane 
@ oO 


rah Mask 3 
= ot 
° fe 
a 
~ 
BS, 


-152—>te 80><8 
0 





FIG. 5.—PLAN OF SCHOOL ROOM. 


Krizik type supplied by the Siemens- 
Schuckert Company, while the other pair 
consisted of shunt arc lamps by the. Poly- 
phos Company. All lamps were provided 
with enameled reflectors of the open pat- 
tern. The underlined figures give the il- 
lumination in lux* for the Krizik lamps, 
and the figures not underlined refer to the 
Polyphos lamps. It will be gathered from 
the table below, in which further experi- 
mental data are tabulated, that the shunt 
arc lamps were not as good as the lamps 
of the differential type. This is due to the 
fact that the arc in the shunt lamps had to 
be adjusted to a smaller length. In conse- 
quence, a comparatively large portion of 
the light was screened by the negative car- 
bon. It is also stated that the shunt arc 
lamps did not burn as steadily as the dif- 
ferentially-controlled lamps. 





* A Jux is the illumination produced on a sur- 
face at a uniform distance of r metre from a 
source of luminous intensity of 1 unit. 


+ From the Electrical World of New York. 


10.97% aA —0.53% 
9.7 
ie 76% ee —1.26% 
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Siemens-Schuckert 
lamps of the 


Polyphos lamps. Krizik type. 


50.7 62.2 
10.69 10.64 
te 62% and —2.44% +0.85% and —0.96% 
113.4 Ee 


=|-0, Ge as —0.97% 


+o. 45% 2 ae —0.68% 


0.332 0.269 


A NEW IMPREGNATING FLUID 
FOR MANTLES 


Journal of Gas Lighting (London), 
May 15, 1900. 


The only successful and popularly ap- 
proved incandescent gas mantle has been 
that made with an impregnating fluid com- 
posed of thorium and 1 per cent. or so of 
cerium. The frailty of the mantle was at 
one time held up as its greatest reproach ; 
buteat- has; by its indisputable value as an 
economical illuminating agent, outlived 
censure in that one respect. It is now rec- 
ognized that a well-made mantle, frail 
though it appears, will in use stand a fair 
amount of vibration, as is proved in street 
lighting and industrial establishments. To 
our mind, a matter for greater concer 
(though any mantle showing increased 
durability would be acceptable) is the fact 
that over the past twenty years, the incan- 
descent mantle has been solely dependent 
upon the  thorium- cerium impregnating 
fluid. Inventors have tried time after time 
to get away from it; but without any suf- 
ficient success to bring’ their alternative 
methods into prominence. And the result 
of the reliance on, and the indispensability 
of, thorium has been to make it the object 
of something akin to a “corner,” and of 
the machinations of market operators. The 
price was doubled; and it has been—it is 
said only temporarily—decreased to about 
its former figure. How soon there will 
again be an upward move will depend upon 
the period that it takes to effect the pur- 
pose of those who so largely control. 

This kind of thing is not calculated to 
give confidence; and therefore if an im- 
pregnating material can be found that will 
serve aS a competitor with thorium, or will 
displace it if cheaper, then all associated 
with the gas industry will be most thank- 
ful. Mr. H. T. Grainger, of No. 16-17, De- 
vonshire Square, E. C., states that he has 
discovered such a material for impreenat- 
ing mantles, and its cost is so insignificant 
that mantles made by it ought easily to be 
retailed, with profit, at about 2s. per dozen. 

As to the new impregnating material. No 
mantles made by it are yet obtainable; but 
Mr. Grainger informs us that some are 
now being produced. Again we are faced 
by the information that this is to remain 
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“a secret process.” At the moment, the 
most interesting part of the information is 
that the chemical from which the impreg- 
nating fluid is made only costs about 2d. 
per lb., compared with sos. per kilo. for 
thorium. This is of the highest importance 
if the chemical (whatever it is) is inde- 
structible by heat. Mr. Grainger asserts 
that it is; but until mantles are available 
which can be put to proper test, definite 
statements on this head must be withheld. 
The inventor himself admits that the man- 
tle has not yet been thoroughly tested in 
respect of wear and tear; but he believes it 
is going to be almost an “everlasting” man- 
tle. If this is true, it will create quite a 
revolution in lighting. As to the illuminat- 
ing power, it is said that the light which 
will be yielded by it will be far greater 
than that of the former mantle. All that 
can be said at present in this respect is that 
a number of pieces of material such as 
wool, cotton, cotton waste, and twigs that 
had been steeped in the new fluid gave, on 
being held in a flame, brilliant incandescent 
points. Beyond these statements we can- 
not go until completed mantles are at dis- 
posal; but sufficient has been said to arouse 
interest in the matter. If fortunately Mr. 
Grainger has discovered such a cheap im- 
pregnating material which in a bunsen 
flame will be as indestructible as thorium 
and cerium, then he will have conferred a 
no mean benefit on not only the gas indus- 
try, but mankind generally. We shall see. 





A NEW FLICKER PHOTOMETER 
Journal of Gas Lighting (London), June 5. 


Some time ago, in the Zeitschrift fiir 
Instrumentkunde, Herr Walte, Bechstein, 
of Berlin, described a new form of flicker 
photometer, of which he gave the following 
particulars: 

The instrument is so constructed that the 
one field of vision is alternately illuminated 
equally all over its surface and for an 
equal period of time, by both the lights 
that have to be compared. It is reversible, 
so that the standard light can be placed at 
either end of the bar, and inequalities in 
the two diffusive reflecting surfaces be thus 
eliminated. It can be used for the measure- 
ment of light issuing at any angle from the 
fadiants. It is cheap, and is not subject 
to vibration, as none of the moving parts 
oscilates, and therefore it can be employed 
on a lightly-built bar. 

The general construction of the optical 
arrangements is shown in section in fig. I. 
The prismatic lens K is carried at a dis- 
tance equal to its focal length from the 
diffusive reflector G, made of gypsum; and 
the plano-convex lens L is at a distance 
equal to its focal length from the observing 
aperture A. B is a fixed stop, limiting the 
field of vision. The aperture A may be 
either circular or slit-shaped; in the latter 
case, as K is rotated, its image travels over 











Ga 3: 


the reflector in the manner represented in 
fig. 2. The reflector can be rotated upon its 
axis; stops being provided which limit its 
motion to an angle of 180°. This move- 
ment allows either of its surfaces to be 
brought opposite the standard light, and 
also forms a means of adjusting the in- 
strument accurately. If K is revolved to 
such a position that the image of the point 
of the reflector appears in the aperture A 
(especially when the latter 1s viewed 
through an eye-piece), a rotation of G itself 
should leave its image unmoved. When G 
is properly set, the whole field of vision 
is illuminated with light from the source 
J. on the left side, and with light from the 
source Jz on the right side, for every half- 
revolution of the lens K. When the photo- 
meter is required for the measurement of 
light proceeding in directions other than 
the ‘normal from the radiants, the entire 
instrument is made to turn within the sleeve 
‘of 1ts-support.. - 
The external appearance of the optical 
arrangements is shown in fig. 3 (without 
the fitting last mentioned), where M is a 
small direct-current motor of about 1-6oth 
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horse power for 110 or 6 volts. If required, 
an alternating current motor can be em- 
ployed instead; but the author finds that 
an electrically-driven motor is better for 
photometric purposes than a train of 
clockwork, which costs nearly as much. 
The speed at which K is made to revolve 
must be adjusted to suit each individual 
observer and the degree of difference in 
color between the two lights under test; 
but when the most favorable velocity has 
been ascertained, it should be kept constant. 
This is very easily managed with an elec- 
trical drive. Accuracy in comparison is 
the greater the smaller the area of the field 
of vision over which flickering ceases, but 
is almost impossible if it does not cease 
anywhere, as is the case when the speed 
of revolution is too low. The effects of 
different speeds of revolution are shown 
diagrammatically in fig. 4, where the dotted 
line A B is the optical center of the photo- 
meter, the ordinates the intensities of the 
flickering, and the abscisse the positions of 
the bar. Curve I represents too low a 
speed. Curve II is the best, and Curve III 
too high a speed of revolution. When the 
speed reaches III, no flickering is to be de- 
tected over the whole area C D, and the 
proper position can only be judged by inter- 
polation. 


In order. to show the concordant results 
obtainable with this form of flicker photo- 
meter when employed in the comparison of 
lights of different tints. Herr Bechstein 
gives a table of the single readings made 
by three different observers, two of whom 
were previously unacquainted with the 
flicker system. The lights under test were 
a pair of paraffin lamps of equal size and 
burning steadily. They were carried on the 
photometer at a constant distance apart of 
1400 millimetres. In the first set of read- 
ings, both lamps were permitted to evolve 
their ordinary white light; in. the second, 
the rays from one were passed through a 
distinctly green glass; and in the third, one 
set of rays were tinted ruby. red, and the 
other, pale’ blue. The’ results: may~ be 
summarized in the following. manner; the 
figures being the distances in millimetres 
between the optical center of the instrument 
and one of the lamps. The three observers 
are. designated by: the. letters A,B: and. C, 
B being the only man possessing previous 
experience, and A being evidently a person 
regularly over-estimating. the intensity of 
red illumination, 


A very simple arrangement of the. flicker 
photometer is shown in fig. 5; G being a 


right-angled prism of gypsum rotated upon 
the optical axis of the instrument by the 
motor M. Inequality of reflection is 1m- 
possible in this type, because the same face 
of the prism is alternately presented to the 
two radiants; but the apparatus is less 
suitable for the measurement of light com- 
ing at abnormal angles from the sources. 
Inequality in reflection can be avoided in 
the instrument shown in fig. 1 if the re- 
flector G is replaced by a cone which partici- 
pates in the revolution; or, more simply, 
if the revolving portion carries a small 
disc of gypsum at the point Ax, which dur- 
ing rotation forms parts of the reflecting 
cone. 


A NEW STANDARD PHOTOMET- 
RIC OIL LAMP 


By Artuur-H. Exxiotr, Ph.D., Engineer- 
Chemist, Consolidated Gas Company 
of New York. 


Journal of Gas Lighting (London), May 20. 


When I wrote to the Journal several 
months ago [see Jan. 9, p. 97] about an oil- 
lamp used to serve as a guide to the gas 
engineer for the candle-power of the gas 
made in his works, I expressed the hope 
that the success of the lamp in my hands 
would lead to its adoption as a secondary 
unit for photometrical purposes. Since 
that time I have made many experiments, 
both alone and with the aid of others; and 
I venture to suggest the improved form of 
lamp as a secondary standard for photo- 
metric purposes, fully as constant as, and 
much more easily managed than, the pen- 
tane standard. 

It appeared. most desirable to have a flat 
surface of illumination, and not a cylindri- 
cal one, as that would be best suited to the 
more common forms of gas illumination. 
It has since been proved that the flat flame 
of the new form of standard lamp is much 
more easily adjusted and maintained, and 
is less sensitive to air currents, than a 
round flame source of light. 

At the outset, I began to experiment with 
small oil-flames obtained from flat cotton 
wicks in common glass kerosene lamps. I 
found that these gave a candle-power rang- 
ing from 4 to 5 candles from a wick % inch 
wide to 15 candles from a wick 1% inches 
wide. As I worked upon the question of 
maintaining the light at a constant value, 
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FIG. I.—THE ELLIOTT IMPROVED FORM OF TEN- 
CANDLE OIL-LAMP. 


I was agreeably surprised to find that, with 
even considerable change of oil-level in the 
reservoir, a fairly constant candle value 
was maintained by the flame. When I 
applied the constant feed of the student 
lamp to the flat-flame oil-burner, the light 
value became practically constant, and a 
lamp fitted with this arrangement and a 
wire gauge to determine the light of the 
flame at all times, gave me a very useful 
standard for works’ use for some months. 
With a desire to improve the lamp, and to 
get the best results I could out of it, the 
form now to be described was gradually 
evolved. 

I have had my attention called to a small 
pamphlet sent out by the General Electric 
Company, in which they say that a double- 
wick kerosene-oil lamp used as a standard 
of candle-power to test incandescent elec- 
tric bulbs was very satisfactory. The 
statement is as follows: “The oil standard 
was adopted after extensive experiments 
to prove its reliability.” But they do not 
say what these experiments were. I believe 
the results of the experiments given with 
this paper at the present time are the first 
that show any details. 

_ At the outset the points that appeared 
important to determine were— 


1.—Is this source of light constant over 
considerable periods of time? 

Z2=Is:the lamp, as arranged). easily ad- 
justed? 

3.—Can two persons working with the 
same lamp produce with it prac- 
tically a light of the same candle 
value? 


4.——Can two or more lamps be made 
from the same specifications, and 
give the same candle values? 

s.—Can wicks be obtained of uniform 
quality and structure and give 
practically the same candle value 
with the same oil? 

6.—Will oils of slightly different densi- 
ties and constitution give the 
same candle value? 

7—How long can: a cotton wick of 
standard quality be used? 

8-—How do the variations of light 
value of the lamp, as presented, 
compare with the variations of 
the light value of candles? 


I hope that the experiments here pre- 
sented are sufficiently complete to induce 
my fellow-workers in this line to consider 
the merits of the new standard as a simple 
and complete substitute for candles, and of 
far more constant value than these trouble- 
some units. 

In answer to the first question—con- 
stancy—the following experiments are 
pretty conclusive: Taking the same stock 
of oil, and with all conditions of wick and 
lamp as near the same as fairly careful 
operators can make them, the following 
figures were obtained. Each line contains 
the observations of 24 hours; the lamp 
burning continuously (one stop for slight 
trimming only, each day). The results are 
candle powers of lamp against standard 
candles duly corrected. (See Table IL.) 

Here are a set of observations under the 
same conditions, but with two other observ- 
ers at another station, and a cotton wick 
about 20 ner cent. lighter than the one used 





FIG. 2:—-THE PARTS OF THE LAMP SEPARATED. 
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Tape I. 
Firstuddvyin ate ee oe no aes 10.02 9.84 10.08 9.88 9.75 10.03 —-— 
Second eda ye wc ee ae 9.70 10.05 —- —— —— =e — 
“Thecd Wdany. te: een ee 9.99 10.04 9.79 9.80 10.08 9.99 9.98 
Fourthedaya sc hee oe 10.21 10.08 10.04 10.03 9.96 —— —— 
in the experiments given above. The can-_ all with cotton wicks of the size and stand- 


dle-power is lower for the same screen 
opening, owing to lack of thickness in the 
wick. But note the constancy. Each pair 
of readings shows the night and day ob- 
servations against candles made by the 
men used to taking candle-powers every 
hour: 


(S101-0:0)) (0.0 9:1) £400.020:2) ACO. 20.1) 
To still further prove the reliability of 
the flame value over many hours of burn- 
ing, I placed a lamp at the disposal of 
Dr. Clayton H, Sharp; /of-the Blectrical 
Testing Laboratories of New York, and 
Table II. gives the figures ‘of his report. 

All tests were made against an invariable 
electrical standard lamp. The figures go to 
show that the flame of the lamp is remark- 
ably constant over long periods of time. 

The second question is also answered 
from the above-mentioned figures. In the 
first series of tests, two persons managed 
the lamp. In the series at the Electrical 
Laboratories, three persons managed the 
lamp—one of them a lady. It is certainly 
most easily adjusted, and any two ordi- 
narily careful persons adjusting the same 
lamp will get almost absolutely the same 
candle-power. Note the electrical tests. 

In answer to the fourth question, it has 
been proved that it is very easy to make a 
number of lamps so much alike that when 
placed against each other at opposite ends 
of a photometric bar and observed by sev- 
eral -persons, the) greatest ‘differences: an 
value will not exceed two-tenths of a can- 
dle-power—of course, using the same oil 
and the same standard of cotton wick. 
Twelve lamps have been so tested. 

In' regard to wicks, it is perfectly easy 
to obtain, here in America, cotton wicks 
that are remarkably close to uniformity in 
size, weight, and weave. Having obtained 
a good wick, buy a gross of them and your 
work will run very uniform. Felt wicks 
are good; but the experience given here is 


With wicks from the 
(gross), identical results 


ard mentioned later. 
same packages 
are obtained. 

With respect to the density of the oil 
used, it is best to employ an- oil that cap 
be readily obtained, of a uniform quality 
and density. Nevertheless, oils varying 
from; 50° to 46° Beaumé appear to give 
the. same results: —Oils of-so:, 43. eand 
46° Beaumé have all been tried with the 
same candle value at the flame opposite the 
opening in the screen of the lamp. 

A cotton wick has been used for about 
ten days (with only the slight trimming 
off of the black crust, and also the angles 
at the sides to maintain the proper flame- 
width) ; and then it began to show signs. of 
loss of capillarity and the flame could not 
be readily kept at constant height. It was 
also found to be very brown and dirty 
for some distance down, when it was re- 
moved from the wick-tube. It is fair to 
say that a cotton wick of the standard 
given will last about one week. Wicks are 
so cheap, it is foolish to economize in this 
direction. 

In regard to the constancy of the lamp, 
as against candles, the electrical standard 
has already been mentioned, showing that 
the lamp itself does not vary more than 3 
per cent. in several days’ usage, while the 
majority of the daily observations are close 
to 1 per cent... Thhis?is a record mcandles 
have never shown or approached. 


The lamp in its improved form (fig. 1) 
is the result of many months of experiment, 
both in my hands and others who have 
very kindly assisted to bring forth a read- 
ily managed unit of light for photometric 
purposes. The body of the lamp consists 
of a large reservoir, holding enough oil for 
twelve hours’ service, and supplied with the 
usual valve-feed of the student lamp—thus 
insuring a constant level of oil at all times 
(see fig. 2.). The consumption of oil is 40 


TABLEY LY: 
Candle- Air 
Day Time. Power. Temperature. 
2.00 P.M. 10.20 72- Kahr 
FAT SE Wowace ec ee 3.00 P.M. 10.19 FO ita bs. 
5.00 P.M, 10.32 Vinee ee 
g.00 A.M. 10.33 6G Nee 
SECO acs.ca. sec ee oo ne 10.37 
: 9.00 A.M. 10.32 ene 
SOG Gis ero SP, ee eenreran er I.30 P.M. 10.40 68° 6 
[ 10.00.A.M. 10.19 gee ee 
1.00 P.M. 10.00 
[Evovbngs apnea gy Sr ents = Outen + 4.30 P.M. 9.92 70° 66 
8.00 P.M. 10.00 
9.00 P.M. 10.40 pee 
Ft Hit bute ase Auer ss ee ae ei 
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grammes per hour, and is remarkably reg- 
ular, as the results have shown. The burner 
carries a flat cotton wick of “D” size, and 
is 14% inches wide; although it is trimmed 
to use only 1 inch wide, the corners being 
cut off equally on each side of about the 
form of a right-angled triangle, thus— 


2 in. Lin, 
Ila, 


n 
"UL ¢ 


This trimming is important, as it deter- 
mines the best form of flame, and is the 
result of a large number of experiments. 
The flame thus produced is remarkably 
constant in height and illuminating value. 
It 1s very much less sensitive to draughts ot 
air than any round-wick flame, and espe- 
ood air-gas flames like the pentane stand- 
AW alt 

A felt wick has been used, and works 
very well for about four days; but a cottou 
woven wick will last at least a week and 
perhaps much longer, according to the 
density and purity of the kerosene oil used. 
And no matter what oil is used, when once 
its value in the lamp is determined, it can 
be depended on to give a constant candle- 
power for the same screen .opening—yet 
not necessarily 10 candle-power obtained 
with Pratt’s “Astral” oil, with which the 
lamp was standardized and improved. 

If the wick is not trimmed carefully, long 
tails will rise from the ends, and thus crack 
the chimney from local over-heating. 


Wich Tube 





FIG, 3.—FORM OF FLAME. 


It is best to trim the wick in its dry con- 
dition before putting it into the oil, and use 
a sheet brass pattern to give it the proper 
flame. After trimming as well as possible, 
and while the wick is still dry, singe it 
free from fluff and irregularities, so as to 
obtain a smooth, even curve around the 
upper edge. In this way a flame of the 
form shown in fig. 3, and which just cov- 


ers the sides of the opening and upper cor- 
ners of the screen opening, is obtained with 
ease. A little care at this point is well 
spent and insures days of comfort with the 
flame afterwards, 

The chimney used—Macbeth’s No. 40, 
pearl glass—has been found most satisfac- 
tory, lasting many months with ordinary 
care. This chimney is 10 inches high, 134 
inches inside diameter at top, and 3 inches 
wide outside at bottom, where it fits the 
gallery. At the widest part it is 4 inches; 
but this is not important as to close meas- 
urement—4 inch more or less having no 
effect. 

The screen is attached to the cone-cap of 
the burner, through which the flame rises 
from the wick, by two uprights that carry 
a sheet-iron disc and two sheet-iron side 
wings. The upper disc is adjustable to 
allow for increasing or diminishing the 
opening when using different oils—see fig. 
5. With Pratt’s “Astral” oil, this screen 
opening is made % inch over the crown 
of the cap, and 1% inches between the side 
wings; the flame thus exposed giving 10 
candle-power. This has been tried with 
twelve lamps made up for use with the 
Same measurements and directions. There 
is no reason why it cannot be repeated 
indefinitely with the same type and quality 
of oil and wick. The total height of the 
flame above the burner-cap is about 1% 
inches. 


HYGIENIC ASPECTS OF INVER- 
TED GASLIGHTS 


Journal of Gas Lighting (London), 
May 8, 1906. 


Recent issues of the Journal fiir Gasbe- 
leuchtung contain a lengthy article, written 
by Dr. F. Ballner, a physician attached to 
the Austrian Army, upon the incandescent 
gaslight viewed from a_ hygienic aspect. 
The greater portion of his communication 
is taken up with a discussion of the amount 
of radiant heat produced per unit of light 
by different types of gas-burners; but there 


- 1s a good deal of introductory matter that 


must be studied in order to gain a proper 
comprehension of the results at which the 
author has arrived. 

The energy consumed in evolving light 
is made manifest in two different ways— 
part of it appearing as radiant energy and 
part as conducted heat. The latter is trans- 
ferred to the structure of the burner and 
to the air in the vicinity. From a hygienic 
aspect, it is of less importance than the 
radiant energy. The radiant energy is com- 
posed of rays that cover the whole field 
between the wave-lengths 60 and 04 ». 
The rays having wave-lengths lying be- 
tween 0.8 and 0.4 affect the eye; the for- 
mer being at the extreme red end of the 
visible spectrum, and the latter at the’ ex- 
treme violet end. The rays between 60” 
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and o.8 are invisible or heat rays. In the 
course of the investigation he carried out 
some ten years ago, Rubner described the 
various symptoms experienced by a per- 
son unduly exposed to the radiations from 
a source of light. He found that a person 
whose face was exposed to the light of a 
15 candle-power argand burner at a certain 
aistance began to feel only an indefinite 
sensation of warmth, next a sensation of 
heat in the eyes and root of the nose, then 
a tension of the forehead, atterwards a 
burning of the eyes and a tendency to shed 
tears, and finally extreme dryness and heat 
in the eyes. He also found that the symp- 
toms described were produced by a smaller 
quantity of radiant energy in a warm room 
heated to the temperature of 70° or 80° 
Fahr. than in a cool room when the ther- 
mometer did not rise above 57° Fahr.—in 
other words, that more than twice as much 
radiant heat can be borne in a cool room 
as in one that is overheated. Rubner also 
observed, as the result of experiments on 
numerous persons, that the ideal quantity 
of heat received from a source of light 
ought not to exceed 35 microcalories per 
square centimeter per minute, but that in 
practice 50 microcalories might be consid- 
ered as the utmost permissible from a hy- 
gienic standpoint. [The microcalorie re- 
ferred to in this abstract is defined by 
Ballner as the one-thousandth part of the 
small freezing-point calorie—? e., repre- 
sents the amount of heat necessary to raise 
1 milligramme of water from 0° to 1° C.] 
In his examination of actual sources of ar- 
tificial light, Rubner observed great vari- 
ations in the quantity of radiant heat emit- 
ted; his maxima and minima being 14.44 
and 1.24 microcalories per square centime- 
ter per minute, measured at a constant dis- 
tance of 37.5 centimeters (14.8 inches) from 
the radiant. He discovered the petroleum 
lamp was the least advantageous source of 
light from the present aspect; the Wels- 
bach light being the best, and the electric 
glow lamp the second. 


THE BURNERS EXAMINED. 

Dr. Ballner has taken up the subject of 
the amount of heat radiated from inverted 
burners on the ground that the great dif- 
ferences in their design from the typical 
upright incandescent must alter the ratio 
between quantity of radiant heat and il- 
luminating power which Rubner and others 
have found to obtain in the case of ordinary 
Welsbach burners. In the inverted burner, 
a much larger proportion of the total heat 
evolved is communicated to the metal and 
glass portions of the burner, and to the 
gas and air before ignition occurs. Tor 
the purposes of. comparison, he has also 
tested other varieties of: gas-burners; the 
samples examined comprising a: flat-flame 
burner, an argand, apparently three differ- 
ent specimens of the upright Welsbach (one 
of which had been in regular use for a con- 
siderable period of time), a small inverted 


incandescent made by Kramer, of Berlin, 
and a large inverted burner constructed by 
the Incandescent Gas Company of Vienna. 

The burners were tested for consumption 
at a pressure of 15-loths, for illuminating 
power and duty, on a Weber photometer. 
In the case of the inverted burners, lower 
hemispherical candle-power was determined 
every I5 degrees between the horizontal 
and the vertical; and the avérage was 
taken for comparison. In other tests, the 
inverted and the upright burners were com- 
pared in their most advantageous directions 
—viz., horizontally with the upright burn- 
ers; at a depending angle of 45° with the 
inverted specimens. 

The individual results given by these and 
the other burners are also collected in the 
following table (No. 1) after recalcula- 
tion of the figures into British units. 
Where marked with an asterisk, the data 
relate to mean lower hemispherical candle- 
power; elsewhere they refer to the light 
and duty emitted in the most advantageous 
direction, as already stated. 

From a physiological aspect, it is im- 
portant that. the light shall be perfectly 
steady and uniform. Want of steadiness 
in a light strains the iris and the accom- 
modating muscles of the eye very severely. 
The Vienna inverted burner gave a per- 
fectly steady light, but the specimen of the 
Kramer burner that was tested flickered 
somewhat and produced a crackling (“boil- 
ing’) noise, however carefully the gas sup- 
oe oa the size of the air inlets were regu- 
ated. 


TaBLe I. 

S ee oO 

ey os Chalets AQ S 

Type of Burner. & - = ce Oh 

Deo Oe — © 

Destey ne & 2 See 

Be See 

Ore tas OO 

Flatailame: Giejcesrs one OO 15.8 2.26 
PA TOC eat he oe oe 73 14.3 25 
Welsbach (old) :... 467 40.7. 10.0 
Welsbach (new) .... 4.88 72.0 tay, 
WW Viels bach: \meem tc 3.96 52.0. C134) 
Kramer inverted’... 2:14 31.6 i146 
Kramer inverted* ... 1.98 20.7) ES 
Vienna inverted ..... 3.01 47.0 15.6 
Vienna inverted* .... 3.00 46.5 15.5 


MEASUREMENT OF THE RADIANT HEAT, 


In measuring the heat radiated from the 
different burners, the method already em- 
ployed by Rubner was followed closely. 
A D’Arsonval galvanometer was used, con- 
nected with a Melloni thermopile carried 
on a bar divided into centimeters. 

With the aid of the apparatus thus ar- 
ranged, the quantities of heat radiated hori- 
zontally per unit of light emitted by the 
different burners were measured; and the 
average of many results in each case are 
recorded in Table II. The upright Wels- 
bach burner tested was the same specimen 
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as the third mentioned in Table I. The 
figures in the second vertical column of 
Table II. represent the number of micro- 
calories received per minute upon a sur- 
face of I square centimeter at a constant 
distance of 37.5 centimeters from the source 
of light per 1 Hefner unit developed. 

In similar conditions, Rubner found val- 
ues ranging from 5.3 to 7.76 for a flat-flame 
burner, 7.2 for an argand, and an average 
of 1.25 for ordinary Welsbachs. 

In Vable III. are shown the amounts of 
heat radiated from the two inverted burn- 
ers when alight, tested with and without 
the inner globe, and the corresponding 
quantities radiated from the hot portions 
of the burners themselves immediately af- 
ter the flames were extinguished. It will 
be seen that the presence of the globe in- 
creases the illuminating power of the flame, 
presumably by checking losses of heat, but 
also by protecting the flame from draughts, 
and so enabling it to fill the mantle more 
thoroughly. The globe has also a small 
effect in reducing the amount of radiant 
heat given off. 

Hence it appears that the greater part 
of the heat is radiated from the hot metal 
and glass portions of the burners them- 
selves. The differences between the read- 
ings given by the extinguished burners with 
and without globes—viz., 211.6° and 94.9° 
respectively—indicate the amounts of heat 


TABLE 


Type of Burner. 


Flat-flame 
EOSREISUG hers ES GA Ee Sa 
Welsbach 


Kramer inverted ' 


eines) o)'9 | 00) (6 le ee 0 \e cue. se 6) e 6 0) 6 0110) 0) 4) 6 © © 0) © 6 @ © <6 


globe only .. 
ANE MS ta LG Sek teers eases. « 
globe only 2. 


Vienna inverted an shade . 


TABLE 
Type of Burner. 
Kramer light | Pateee Gis 
Kramer burner } Without globe 
isn 1S ae a 
Vienna burner 1 Ui elbe DOs pause 
TABLE 


Total Heat per Hefner Unit 
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radiated by the globes. 
weighed 45 grammes; the Vienna globe, 31 
grammes. This fraction of the radiant 
heat must diminish with the weight of the 
glass article emitting it; and therefore the 
inverted burner has an advantage over the 
upright burner, inasmuch as the chimney 
of the latter (the analogous glass object) 
weighs two or more times as much as the 
inverted globe. The amount of heat radi- 
ated from the electric light is roughly 
double that emitted by the upright Wels- 
bach. 

The heating effects of a source of arti- 
ficial light may also be judged to a cer- 
tain extent from the colot of its flame; 
being the greater as the light contains a 
larger proportion of red rays. Hence if the 
illuminating power of the light is meas- 
ured in terms of red (R) only and green 
(G) only, tinted glasses being employed 
on the photometer, the amount of radiant 
heat per unit of light is the smaller as the 

G 


The Kramer globe 


fraction — is the greater. The ratio in 
R 

question was measured for all the burners 
under examination, and was found to be 
1.12 for the argand, 1.14 for the flat-flame 
burner, 2.2 for the upright Welsbach, and 
2.3 for both the inverted burners—figures 
which will be seen to vary inversely with 
the microcalories recorded in Table II. 


Lie 


Microcalories per Microcalories per 
Hefner Unit per Candle-Power per 


Sq-.Cim.2 per Sq. Pts per 
Ciikuie at 37.5 cm. Minute at 1 foot 
Distance. Distance. 
52 58.0 
6.5 7204 
1.4 15.6 
73 19.25 
1.469 16.35 
1.864 20.72 
1.418 15.8 
Et 
Illuminating Power. Microcalories per 
Hefner Units. Hefner Unit. 
37 1.718 
31.9 2.139 
ae 56 1.508 
ey, 42 2.059 
LW? 


Radiant Heat as a Percentage 


per Hour. of the Total Heat. 
Type of Burner. I. Gross. II. Net. I..Gross. Il. Net. 
Vienna ; Re 0.7 8.7 20.1 22:5, 
OOS ae eee eee ae 9.78 8.84 18.8 20.8 
Argand 40.11 36.28 47:3 19.2 
Flat-flame 62.15 56.21 8.6 9.5 
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Available Illumination.—Another hygien- 
ically important point in considering the 
values of different lights is the intensity 
of the illumination they yield when brought 
so close to the person using them that he is 
exposed to the maximum _ permissible 
amount of radiant heat. This value, ex- 
pressed in “meterkerzen” or the like at the 
minimum permissible distance, has been 
termed by Rubner the “available illumina- 
tion.” 

‘he maximum available illumination af- 
forded by the Kramer burner under “ideal” 
conditions is 11.44 candle-feet; and under 
“practical” conditions, 16.14 candle-feet. 

Similar calculations applied to the Vien- 
na inverted burner lead to a maximum 
“ideal” illumination of 11.4 candle-feet, and 
a maximum “practical” illumination of 16.4 
candle-feet. The upright Welsbach burner, 
tested by Rubner himself, exhibited corre- 
sponding values of 13.4 and 22.3 candle- 
feet. 


RATIO OF RADIANT HEAT TO TOTAL HEAT. 


If the calorific value of the gas consumed 
in each of the burners per hour in the de- 
velopment of unit light is known, it be- 
comes possible to calculate the proportion 
which the quantity of radiant heat emitted 
bears to the total heat produced by the 
combustion. The work was carried out 
with Innsbruck gas, which, as a mean of 
six determinations in the Junkers calorime- 
ter, was found to possess a gross calorific 
value of 5,650 large calories per cubic meter 
(160 large calories per cubic foot), and a 
net value, after deduction of the latent 
heat of the steam produced, of 5,110 large 
calories per meter (144.6 per foot). Table 
IV. shows the total gross and net amount 
of heat evolved per hour in large calories 
per 1 Hefner of light, and the proportion 
to these totals of the quantity of radiant 
heat emitted under the same conditions. 
The figures can be converted into British 
units by multiplying by 1.14 (the correction 
for our larger “candle”). 

The total heat developed by an upright 
Welsbach burner examined by Rubner was 
8.07 large calories net per hour per 1 Hef- 
ner. From a thermic standpoint, the elec- 
tric glow lamp is a better source of light 
than incandescent gas. According to Rub- 
ner, its total evolution of heat is only one- 
sixth that of the incandescent gas-burner, 
although its radiation of heat is somewhat 
greater. Rubner quotes the radiation from 
a glow lamp as 2.63 microcalories per min- 
ute upon a surface of I square centimeter 
at a distance of 37.5 centimeters—i. e., 
rather more than that of the gas-burners. 
After deducting the latent heat of the 
water-vapor, Rubner found that the radiant 
heat of Welsbach burners represented 17 
per cent. of the total heat, whereas the ra- 
diant heat of a glow lamp is 71 per cent. 
of its total heat. 


TESTING INCANDESCENT MAN- 
TLES 


The rating of incandescent lamps 
as to candle-power, efficiency, and life, 
has been brought to a remarkable de- 
gree of exactness in this country, a re- 
sult due largely to competition, which 
has caused manufacturers to bend 
every energy toward securing the 
highest possible degree of excellence 
in every detail. The Welsbach mantle 
may be considered the counterpart of 
the incandescent lamp in gas illumina- 
tion; and while we have no figures at 
hand, the number of mantles sold 
must reach many millions a year; and 
vet there is absolutely no commercial 
rating of incandescent mantles in this 
country. Mantles can be bought at all 
prices from Io to 5oc., and as might 
be expected, of all varying qualities as 
well—the quality, however, not always 
varying directly with the price. 

Why should- there not’ be ssonie 
method of rating gas mantles? Com- 
menting on this subject, the (London) 
Journal of Gas Lighting says: 

It is to be feared that there is a good 
deal of perfunctoriness in this matter; and 
that consumers are left too much without 
guidance. If the mantles on the market 
were the subject of the constant attention 
of gas engineers, followed by advice to the 
consumers, the vendors of mantles would 
soon see the wisdom of only stocking those 
classes that met with the approval of the 
gas authorities. It would not be a bad 
thing, too, where constant tests are being 
made of mantles at a gas-works, to go far- 
ther, and send round to shopkeepers deal- 
ing in mantles a list of the “brands” that 
the tests disclose are the most satisfactory. 
In such a case, in order that injustice 
should not be done, it would be necessary 
that tests of mantles should be made peri- 
odically. All makers of incandescent man- 
tles are not rogues; but those who are not 
can produce evidence of many who are. 
And therefore _a periodical testing would 
be requisite. Then, again, it would not be 
wise that the tests should be made only 
with mantles delivered direct to the gas 
offices; mantles purchased from the local 
retailers should also be brought to the 
works’ test-burners. This precaution would 
be necessary because the mantle market 
has lent itself all too extensively to the 
machinations of tricksters, as certain of 
the leading makers have found to their 
cost. It is only by continued scrutiny that 
deception will eventually be brought to 
book, and indigent mantles cease to exist. 


| 
| 
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Miscellaneous News 


ALBANY, N. Y.—The new contract for 
electric lighting which the city has entered 
into with the Municipal Gas Company goes 
into effect on June 21 and the city will save 
$16,615.20 a year by it. This saving will 
also enable the city to add some 50 or 60 
new lights to the present service within a 
very short time. Distributed pro rata it 
would mean about three new lights for 
each ward. 


AUBURN, N. Y.—The State Gas and 
Electricity Commission is investigating the 
affairs of the Auburn Gas Company. The 
Mayor claims that since the combination of 
the Citizens with the Auburn Gas Company 
gas has been piped from Geneva, where it 
is made as a by-product by the Empire 
Coke Company. He claimed that the com- 
pany pays only 25c. per thousand and sells 
it in Auburn at $1.35. The cost of piping 
and distribution would bring the cost up to 
only 47.3c. per thousand. 


BUFFALO, N. Y.—The local gas situa- 
tion will be investigated by the State Com- 
mission. The Corporation Counsel has. se- 
cured a copy of all of the evidence taken at 
the Syracuse investigation as a guide. The 
date of the hearing has not yet been de- 
cided. 


LITTLE ROCK, ARK.—The City Coun- 
cil granted a franchise to John G. Vogel 
for an electric light, heat and power plant 
and embodied in the ordinance a contract 
for the lighting of the streets of the city 
by 60 electric lights, which the city agrees 
to pay for during the fifty years’ life of the 
franchise at the rate of $600 per month. 


LOS ANGELES, CAL.—The Board of 
Public Works contemplates cutting down 
the candle-power used in the ornamental 
lights on Main and Hill streets. It is re- 
ported that the Pacific Power and Lighting 
Company are devising a scheme whereby 
the expense will be as great as if the Board 
had not adopted the money-saving policy. 


NIAGARA FALLS, N. Y.—A_ number 
of the merchants of the city have made a 
proposition to the Council for installing a 
better illumination on one of the principal 
streets. The proposition made is as fol- 
lows: 

That the city bear one-half the expense 
of illuminating Third street from the tracks 
of the New York Central Railroad Com- 
pany to Niagara street with 535 incandes- 
cent lights; the cost to the city the first 
year to be about $300 and about half of that 
sum in subsequent years, the merchants 
bearing a like proportion of the expense. 

The illumination is to consist, as stated 
above, of 535 lights to be ranged on either 
side of the thoroughfare at a distance of 
two feet apart, and on four arches to span 
the street, one at the Niagara street end, 


one near the railroad tracks and two at 
equal distances from the end arches in the 
length of the block. This will give one of 
the most brilliantly illuminated streets to be 
found in the country and would go a long 
way toward upholding the title of the Elec- 
tric City. 

It has been ascertained by the merchants 
that it would cost about $250 to string the 
wire and install the arches for the lights. 

The actual cost of maintaining the illu- 
mination would be about $93 a month, the 
lights to be maintained from July 1 to 
October 1, or for such period as may be 
agreed upon. 

Mr. Simmons asked that the Council as- 
sist the merchants in their commendable 
enterprise. He maintained that it would 
establish a precedent, and that in a very 
short time the spirit of progress would be- 
come contagious and that other business 
sections of the city would be illuminated as 
well. 

It has been figured by the merchants that 
the cost, if the city pays half the expense 
of illuminating the street, will be about 
$1.10 a month for twenty feet frontage, or 
$2.20 if the city pays nothing. This is con- 
sidered avery insignificant amount consider- 
ing the benefits that would surely accrue to 
the business men of the street. It is pointed 
out that the scheme is practical, feasible 
and highly commendable; that it would be 
the beginning of a general illumination of 
the business districts of the city, and a 
mark of credit to the enterprises of Niag- 
ata balls metchants. 


PHILADELPHIA, PA.—Despite the ac- 
tion of the Commonwealth Electric Com- 
pany in withdrawing from Councils its or- 
dinances to permit of competition in the 
electric lighting of city streets, dwellings 
and business establishments, rivalry for the 
contracts in I908 or I909 seems assured. 
The Commonwealth has only temporarily 
withdrawn its ordinance for redrafting in 
more explicit language. Its revised ordi- 
nance is now before the Mayor and his 
Advisory Board, which also has before it 
the rival ordinance of the Citizens’ Elec- 
tric Company. 


POTSDAM, N. Y.—At a special village 
election to decide upon a proposal to bond 
the village for $24,000 for the construction 
of a municipal lighting plant to supply 
street lights only, the proposition won by 
a majority of 58. About one-third of the 
votes were cast by women, who favored the 
municipal ownership proposition. 


ROCHESTER, ON, Y..— Corporation 
Counsel Webb and his assistants have re- 
ceived instructions from Mayor Cutler to 
prepare the city’s case in the inquiry into 
gas and electric conditions in Rochester 


330 THE ILLUMINATING ENGINEER. 


as quickly as possible for transmission to 
the State commission in gas and electricity. 
The work is to be done as soon as it can 
be done thoroughly. It is expected that it 
will take about a week to prepare the it- 
formation now in the possession of the city 
authorities and such information as they 
may receive. 


TROY. IN; YA lttera sieht ofp several 
months the city authorities of Troy have 
reached an agreement with the Troy Gas 
Company. The Board of Contract has 
awarded a contract on the company’s bid to 
furnish 468 arc lights of 2,000 candle-power 
at 26 cents per lamp. The old price was 
32 cents. The saving to the city is about 
$17,000 a year. 

When the old contract expired the com- 
pany submitted a price which represented 
a saving of $10,000 a year, but the mayor 
took the ground that the figure was too 
high and a bill was introduced in the Leg- 
islature to give the city power to maintain 
its own lighting plant. This measure was 
defeated and the local authorities decided 
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to present their grievance to the State Gas 
Commission. The reduced bid was then 
presented and accepted. 

The company also announced that begin- 
ning June I the price of gas to consumers 
in general would be reduced five cents per 
1,000 feet each year until the price 1s down 
to $1.10. per’ 1,000 ‘feet- . The price ‘at pres- 
ent charged the public is $1.30 per thou- 
sand. The company also agrees to furnish 
the public with electric light at 15 cents per 
kilowatt per hour. The price charged at 
the present time is 16 cents per kilowatt. 


WASHINGTON, D. C.—The census 
bureau has issued a preliminary summary 
of the statistics of manufactured gas for 
the United States for the calendar year 
1904 as compared with 1900, the year of 
taking the twelfth census, according to 
which there were in operation in 1904, 1,017 
establishments, an increase of-16 per cent. 
over 1900. The total value of gas manu- 
factured was $125,036,055, an increase of 
65 per cent. All other products, $13,272,- 
A34, anoincrease Of 1 It “per (cent. 
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Practical Problems in Illuminating Engineering 


By ArtTHuR A. ERNsr. 


Vo A PECULIAR CASE: OF “INDIRECT 


Indirect illumination, that is, illum- 
ination by diffuse reflection from 
light-sources entirely hidden from 
view, 1s usually considered one of the 
most elegant and satisfactory meth- 
ods, but seldom practical on account 
of the low efficiency obtained. With 
proper care in the selection of reflect- 
ors and the position of lamps, and in 
cases where there is a minimum of 
smoke and dust to be reckoned with, 
the method is far more efficient than 
is commonly supposed, and is espec- 
ially available for cases where a mod- 
erate and uniform general illumination 
is desired. These conditions exist in 
offices, reading rooms, drafting rooms, 
hallways, and other similar locations 
where either special illumination is to 
be provided for uses requiring close 
attention, or where only general illu- 
mination is necessary. 

The most common faults with in- 
stallations of this kind are spots and 
streaks of light on the white surface 
of the wall or ceiling which serves as 
a reflector, thus plainly indicating the 
location of the lamps, and obvious dif- 
ferences of intensity on the portions 
farthest removed from the  light- 
sources. From the artistic standpoint 
either of these faults is fatal. Unless 
the reflecting portion of the ceiling 
can be practically uniformly illumi- 
nated, and the light-sources not only 


ILLUMINATION. 


kept out of sight but their locations 
concealed as well, the scheme “gives 
itself away,” so to speak. 

In the present example the structu- ~ 
ral conditions are peculiar. The room 
in question is the main office of a bank 
and is practically two stories in height, 
as shown by the sectional view in Fig. 
1. A molding runs about the walls at 
about one-half the distance from floor 
to ceiling, this molding furnishing the 
only available location for the lamps 
to light the ceiling. This method of 
illumination was an after-thought of 
the architects, the molding being al- 
ready constructed before the method 
was considered. 

The ceiling of the room is laid out 
in large panels, the central panel be- 
ing eleven feet square, and filled in 
with plain ground glass, being located 
directly under a skylight in the roof. 
Two problems therefore are involved 
in the general illumination: first, to 
light the ceiling, including the central 
glass panel, uniformly by lights placed 
along the molding; and second, to 
light the glass panel from above. The 
latter furnishes a very unusual prob- 
lem in that it was not desired by the 
architects to use the artificial light 
through the central panel for illumi- 
nating purposes ; but it is evident that 
unless lighted from above it would 
appear as a dark square in contrast to 
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FIG. I—SECTION THROUGH ROOM. 
the other panels of the ceiling when 
lighted only from below. In fact, this 
ground glass panel surrounded by 
opaque plaster surfaces on one side is 
simply a Bunsen photometer screen on 
an enormous scale, and in order to 
have it appear uniform with the rest 
of the ceiling the transmitted illumi- 
nation must be exactly equal to the 
reflected illumination. 

The proposed arrangement of lights 
in the molding is shown in Fig. 2, 
which indicates a plain semi-cylindri- 
cal reflecting trough. This would have 
given a streak of light across the ceil- 
ing owing to its very unequal distri- 
bution. In place of this, therefore, a 
trough-shaped reflector was designed 
by I. P. Frink, having the outline 
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FIG. 2.—PROPOSED SYSTEM. 
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sity on the horizontal plane of the 
ceiling from this distribution is shown 
by the curve at,-the top of (ioe. 
which is a remarkably close approxi- 
mation to uniformity. By adding a 
small molding shown by the dotted 
lines in Fig. 3, it was possible to use a 
maximum amount of reflecting sur- 
face and still keep both reflector and 
lamps entirely out of the range of 
vision. Sixteen candle-power lamps 
are to be used in these reflectors, 
placed twelve inches apart. 

For illuminating the glass panel 
from above the only support for the 
lamps is on the side wall 18 inches 
above and 9g inches to the side of the 
panel. The original plans contemplat- 
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ed the use of a device shown in Fig. 5, 
consisting of a lamp placed horizontal- 
ly, with a small curved reflecting sur- 
face above, an arrangement which 
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FIG. 5.—PROPOSED REFLECTOR. 


must of necessity have given very un- 
even illumination over the panel. This 
was replaced with a trough-shaped re- 
flector, also designed by Frink, as 
shown in cross section in Fig. 6. As 
the lamps are much nearer to the 
panel than those underneath, corre- 
spondingly lower candle powers will 
be used—probably six candle-power. 
Since the comparative reflecting and 
absorbing factors of the glass are un- 
known, the exact candle-power could 
not be predetermined. These lamps 
will also necessarily be frosted in or- 
der not to appear as bright points 
through the ground glass of the panel. 

For working illumination, individu- 


al desk lamps will be used, and possi- 
bly side brackets may be added for the 
sake of decorative effect. 

The case is one in which indirect 
lighting is-particularly applicable, for 
the reason that the room will seldom 
be open to public use during that por- 
tion of the day when artificial light is 
required, and since also special light 
would be provided in any case for the 
book-keeping and other uses requir- 
ing close work. Efficiency therefore 
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is an entirely secondary item, and the 
illumination produced by the plan laid 
out should admirably serve the special 
conditions. ? 


Curves of Uniform Illumination 


By Ernest C. WHITE. 


Recent advances in methods of de- 
signing illumination have perhaps re- 
ceived no greater encouragement and 
foundation than is due to the careful 
compiling and publishing of photome- 
tric data by the promoters of new 
illuminants and the manufacturers .of 
high grade accessories, such as re- 
flectors and refracting globes. The 


accumulation of this data by the de- 
signer of illumination has formed the 
basis of all careful computations. It 
is with these computations themselves 
that we have to deal. 

With the exception of vacuum tube 
lighting and special forms of illumi- 
nation by transmitted light through a 
translucent medium, the law of inverse 
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squares must be applied in nearly all 
practical illumination even though the 
result of first calculations be modified 
by judgment and the general laws of 
diffuse reflection. It therefore ap- 
pears that when curves are plotted us- 
ing candle powers as radii or ordinates 
as the case may be, nothing more is 
accomplished than the graphical rep- 
resentation of data which must still be 
cumbersomely applied to actual prob- 
lems. “his,-is nots quite true ol. te 
Rousseau Diagram which is used to 
facilitate certain calculations in regard 
to mean zonular candle-power. The 
fact remains, however, that the appli- 
cation of the law of inverse squares is 
by no means assisted bv the Rousseau 
Diagram or the usual Polar Diagram, 
and reference to these forms for pur- 
poses of calculation must of necessity 
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EMCINEERING OF (ALU mINATION 


be more approximate than reference to 
the original data from which they were 
plotted. 

As a premise to the development of 
a more- useful form of photometric 
data, in so far as the actual distribu- 
tion of luminous flux is concerned, we 
may assume that a curve representing 


the distances in various directions at 
which the illumination is uniform is a 
long step towards the graphical rep- 
resentation of the law of inverse 
squares as applied to a given source. 


Taking the equation d= in which 
L is the intensity of illumination at a 
distance d from a radiant of power C, 
it is observed that if L be considered 


constant di varies as VC. Assuming 
further that L is unity, that is, the il- 
lumination at unit distance from a 


source of unit power, we have d =/C 
From this value we plot a polar dia- 
gram using the angles at which the 
radiant power is measured as in the 
usual form of curves, and for radii the 
square roots of the radiant powers, or 
to come nearer home, the square roots 
of the candie-powers observed in these 
directions. Fig. 1 represents such a 
curve plotted for the light distribu- 
tion in a vertical plane from an ordi- 
nary pendant sixteen candle-power 
oval filament incandescent lamp with 
clear glass bulb. 

It will now be evident that so long 
as the same scale is used in regard 
to distances this curve affords instant 
reference to the distances in all direc- 
tions at which the illumination is one 
foot-candle—if the unit of distance is 
one foot and the unit of radiance one 
candle-power. We have now arrived 
at a very clear representation of the 
direct illumination produced by this 
source, but as the lamp would seldom 
be used at the distances represented it 
would still be necessary to make suit- 
able calculations to arrive at the inten- 
sities at different: distances: It is 
therefore necessary to provide a num- 
ber of different scales*to which” tis 
curve may. be conveniently referred 
and which shall be of sufficient scope 
to permit direct reference within the 
limits of intensities ordinarily em- 
ployed. 

In Fig. 1 the unit distance, in this 
case one foot, is plotted as the radial 
length between every tenth circle, 
these lines being made heavier as is 
customary. If, now, it should . be 


THE ILLUMINATING ENGINEER. SMS. 


necessary to plot the curve of a source 
of higher power to one-half of this 
radial scale, it is plain that the length 
formerly representing one foot will 
now represent a dimension of two feet, 
and, if read as one foot by reference 
to the same scale as used in the first 
case, the reading would be the distance 
in feet at which the direct illumination 
is, not one foot-candle, but four foot- 
candles. It is therefore evident that 
any convenient multiplication or di- 
vision of scale provided for within the 
form of co-ordinants shown in Fig. I 
will result in convenient reference for 
only a few widely divergent intensi- 
ties such as one-sixteenth, one-fourth, 
one, four, and sixteen foot-candles, 
Cle 

- Without going further into the de- 
duction of the actual scales needed, 
attention is invited to Fig. 2 in which 
scales are provided which read in 
units of distance without subdivision 
for one-eighth, one-half, two, three- 
sixteenths, three-fourths, three, one- 
fourth, one, and four units of illumi- 
nation, respectively, counting inward- 
ly from the marginal scale. In actual 
use these scales give a wide range of 
approximate reference within limits of 
accuracy quite sufficient for all pur- 
poses, the personal equation being of 
some importance as usual when inter- 
polation is necessary. It is to be ob- 
served, however. that the difference 
between intensities of adjacent values 
for which scales are provided are 
somewhat proportional to the absolute 
values of these intensities and this de- 
gree of subdivision is somewhat in 
harmony with Fechner’s Law. 

The actual selection of these values 
for which to provide scales is fully 
justified by convenience, which will be 
immediately recognized when it is re- 
Calledpthatsin 00 =) V34-and. that 
sin. 45. = V &% so that when these 
scales are added to old forms of polar 
co-ordinates they may be laid off with 
no calculations whatever by simple 
reference to the proper intersections. 

The use of these scales over a wide 
range 1s by no means complicated, it 
being only necessary to remember that 


when a fraction or multipie of the 
usual radial scale is employed in plot- 
ting thescunrve, the -mtensity of  1l- 
lumination corresponding to each scale 
must be multiplied by the square of 
the reciprocal of this fraction or mul- 
tiple. For example, if one-half of the 
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FIG. 2. 


usual radial scale is employed, the 
scale which was formerly true for ref- 
erence at one foot-candle intensity is 
then true at four foot-candles intensity 
and the scale labeled three-sixteenths 
is then true at three-fourths foot-can- 
dles intensity. For illuminants of very 
high power it 1s convenient to use one- 
tenth of the usual radiant scale, hence 
multiplying the printed intensities for 
the various scales by one hundred. 

On the other hand, if it is desired 
to refer to any given curve at an in- 
tensity not provided for within the 
range corresponding to the radial 
scale to which the curve is plotted, it 
is only necessary to multiply or divide 
the intensity by the square of the fac- 
tor used to multiply or subdivide the 
corresponding scale. For example, if 
itis desired to mote, the distance at 
which the sixteen candle power frost- 
ed lamp, for which curve is plotted in 
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Fig. 2, will give one-sixteenth foot- 
candle direct illumination, the divisions 
of the scale labeled one-fourth are 
simply read as two feet instead of one. 

It has perhaps been considered by 
those whose acquaintance with the us- 
ual polar diagram of candle power dis- 
tribution has not gone beyond the cas- 
ual comparison of different luminants 
and the distribution effected by differ- 
ent accessories, that such curves af- 
ford convenient means of judging ap- 
proximate effects. In fact, however, 
such curves are very misleading and 
it is perhaps safe to say that the gen- 
eral conception of the phenomena they 
represent is too often that which 
would be accurate if applied to the 
curves of uniform illumination herein 


described. It is the writer’s experi- 
ence that not only quicker calculations, 
but more accurate results, are possible 
through the use of this form of curve 
in the office. It is possible, however, 
that the lattter result is nothing more 
than the former, combined with ordi- 
nary human nature. 

It will be observed that the use of 
horizontal and vertical rulings across 
the polar co-ordinates to facilitate ref- 
erence to the marginal scales, gives 
rise to the well known perceptional 
illusion by which these straight lines 
appear to be curved until referred to a 
straight edge; this illusion being due 
to the tendency to over-estimate acute 
angles and under-estimate obtuse an- 
eles. 








The Illumination of the Federal Building, Chicago 
By J. E. WoopweELt. 


The features of interest to the illu- 
minating engineer in the Federal 
Building in Chicago, are many and va- 
ried, both by reason of its size, 400 
feet in length by 328 feet in width, 
with 650,000 square feet of floor area, 
and the extraordinary lighting require- 
ments imposed by the architectural de- 


sign. The exterior design of the 
structure is shown above, from 
which it will be at once evident that 
the building is admirably planned to 
receive the full benefit of natural light 
notwithstanding its location in the very 
heart of the business district of Chi- 
cago. 
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The lower three floors, with excep- 
tion of the relatively small space oc- 
cupied by the Sub-treasury, are as- 
signed to the postal service, and the 
corner sections of the building which 
are used as working spaces for the 
sorting and distribution of the mails 
are covered by large skylights. The 
intertor design is such that an excel- 
lent distribution of daylight is secured 
from these skylights on both the first 
and second floors, while the central 
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FLOOR CORRIDOR. 


rotunda is also planned for natural il- 
lumination. 

To furnish night lighting and to 
meet the exigencies of dark and cloudy 
days, the wiring system was planned to 
supply current to 20,000 incandescent 
lamps of 16 candle-power equivalent. 
This number of lamps was based upon 
the factors prevailing generally in 
office building practice in the City 
poppemcaco.. “Asta ‘restilt ‘of a 
careful study of the local conditions 
and requirements of each office and 
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public space in the building with spe- 
cial reference to the fixture equipment, 
and by taking advantage of the most 
efficient accessories designed to direct 
and effectually distribute the light it 
was deemed practicable to install a 
fixture equipment providing for less 
than 15,000 lamps, the first equipment 
of which contained over 10,000 lamps 
of 16 candle-power. A later study 


under actual working conditions made 
it possible to supplant nearly all lamps 


FIG. 2.—UPPER -CORRIDOR. 


of 16 candle-power by lamps of 4, 8 
and 10 candle-power, so that the pres- 
ent lamp installation is the equivalent 
of 15,000 lamps of 8 candle-power. 
Exclusive’, of “the receptacles for 
studded lamps and cord drops, 2,970 
outlets in the building are furnished 
with fixtures which were installed at a 
total expense of about $50,000. 
Notwithstanding the large number 
of fixtures the illumination of some of 
the prominent public spaces in the 
building is largely dependent upon 
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studded lamps. The first floor corri- 
dors, for instance, are illuminated by 
frosted lamps placed in the soffits of 
the arches. Lamps are also placed 
above the cove to furnish indirect 
lighting by reflection from the ceiling. 
In practice the service of the latter has 
been discontinued, the principal ob- 
jects being the inefficiency of the 
method, the local glare of the lamps 
and the labor required to clean the 
lamps and reflecting surfaces. 

The location of the soffit lamps made 
necessary by the architectural design 
of the corridor is unfortunate from the 





FIG. 3.—ROTUNDA, 
FLOOR TO DOME, 


LOOKING FROM | FIRST 


standpoint of illumination, and is un- 
successful especially with the use of 
either plain or frosted lamps alone. 
Considerable improvement has_ re- 
sulted, however, from the use of 
frosted lamps of lower candle-power 
and by securing a wider distribution 
by the use of Holophane pagoda reflec- 
LOrs, 

The main vestibules, finished in 
eranite, are fittingly lighted by 12 fix- 
tures of architectural design and gen- 
erous proportions as shown in Fig. 16, 
each containing six 16 candle-power 
lamps in a sand-blasted globe. 


The main object of architecural in- 
terest in the interior is the large ro- 
tunda, 63 feet in diameter, and 163 
feet in height from the first floor to the 
corona. In plan the rotunda ts oc- 
tagonal, having eight pairs of massive 
columns rising one above the other to 
the point where the arches of the dome 
ceiling spring. The interior of the 
dome is richly ornamented, the classic 
designs in stucco work contrasting 
strongly with the severity of the mas- 
sive columns. In the design and con- 
struction of the dome ample opportu- 
nity was afforded for securing the 
most elaborate electric lighting effects, 
and the result, though dignified and in 
keeping with the surroundings, is 
truly spectacular. 

Fig. 3 shows the general arrange- 
ment of the lamps which are placed in 
rows around the dome at each landing 
set back in recesses formed in the 
architectural design. The strong re- 
flection in the ceiling of the dome is 
produced by rows of lamps which are 
hidden by the upper cornice at the base 
of the dome. In the daytime natural 
light enters the rotunda through the 
orilled openings arranged in the eight 
circular windows, and 1s also strongly 
reflected from a spherical surface built 
up of steel and plaster, and suspended 
from the upper framework of the ex- 
terior dome over the circular opening 
in the ceiling of the rotunda. 

It is intended to add eventually an 
appropriate painting upon the surface 
so that in viewing-it from below it 
will appear framed in the circular 
opening of the imner dome. Fig. 4 
clearly shows the grilled openings, the 
open center in the inner dome and the 
convex stirface suspended above it. 
Artificial light will rarely be required 
in the daytime to illuminate the paint- 
ing, but to secure equally effective il- 
lumination at night a row of 100 tncan- 
descent lamps has been placed around 
the circular opening of the inner dome 
but hidden from below. This arrange- 
ment is also clearly shown in Fig. 4. 

Around the rotunda at each floor are 
corridors forming galleries between 
the inner and outer domes, which are 
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FIG. 4.—ABOVE THE DOME IN ROTUNDA. 


illuminated by brackets as shown in 
Fig. 2. .In the general scheme of illu- 
mination these fixtures play an impor- 
tant part in diffusing through the me- 





DOME. 


FIG. 5.—INSIDE OF 


dium of Holophane globes a soft and 
mellow glow to relieve the intense con- 
trast depicted in the photograph, Fig. 
3, which was purposely taken without 
the aid of the gallery lights to show 
more clearly the decorative scheme for 
the rotunda. 

In the rotunda illumination scheme 
just described, there are. employed 
neatly 900 lamps of various candle- 
powers, mainly 4, 8 and 16. Exper- 
ence has shown that ample illumina- 
tion will be secured for all exposed 
positions by the use of lamps of 4 can- 
dle-power, the indirect lighting of the 
dome ceiling alone requiring a larger 
unit. Even with this reduction in 
candle-power, however, the daily use 
of this method of. illumination is too 
costly to be practicable. 

To supplement the weak natural 
light of dark days and for ordinary 
purposes the rotunda is illuminated by 
sixteen specially designed and rather 
unique electroliers of the type shown 
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FIG. 6.—BRACKET USED AROUND GALLERIES. 


in Big. 5. Eight of the fixtures are 
hung at the first and eight at the eighth 
floor level, over I00 feet above the 
first floor. The accompanying photo- 
graph, Fig. 6, does not do justice to 
the artistic appearance of the electro- 
liers in position with the lights burn- 
ing, but it will serve to show the man- 
ner in which the special design accords 
with the surrounding architectural 
features of the dome. 

The brackets cost $400 apiece, are 
constructed of cast brass and weigh 
750 pounds each. The globes, about 
30 inches in diameter, are of leaded 
white ground glass, and are illu- 
minated by 12 8-candle-power lamps 
inside, and are each enriched on the 
outside with a row of eighteen 8-can- 
dle-power white frosted lamps. A 
pleasing and artistic effect has been ob- 
tained by using ruby colored lamps on 
the interior which impart a rich red 
glow to the globe furnishing a contrast 
with the white frosted lamps which 
may be likened to the setting of a 
jewel. 

The eight electroliers located on the 
first floor are of similar design but 
smaller and are not equipped with the 
frosted lamps on the exterior in order 





FIG. 7-—NEWELL POST FIXTURE. 


to obviate the glare which would result 
from placing such light sources within 
the range of vision. The position of 
the lower electroliers and also of one 
of the newel post standards is clearly 
shown in Fig. 1. Fig. 7 shows the 
chaste and classic design of the newell 
post fixture which is designed to har- 
monize with the electroliers. In re- 
cesses behind the rotunda piers are 
placed bracket fixtures of the design 


(baie 





FIG. 8.—SYM METRICAL FIXTURE IN ROTUNDA. 


shown in Fig. 8. This symmetrical 
design was selected because the loca- 
tion of the fixture is such that it may 
be viewed from the stairway levels 
above it and also from the floor below. 

The side corridors leading from the 
rotunda above the first floor, are not 
arched and are all effectively illu- 
minated with various types of ceiling 
fixtures, some with simple globes and 
others of more elaborate design with 
stalactites surrounding a central globe. 





FIG. 9.—LOBBY IN 


SUBTREASURY. 
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HIGs fO—TORCH SBRACKEL USED IN, ‘COURT 
ROOMS. 


In all these cases Holophane globes are 
used to secure the proper diffusion and 
distribution of light. 

In the lobby of the Sub-treasury, 
first floor, the illumination of both the 
public space and the writing tables is 
secured by seven brackets of the spe- 
cial design shown in Fig. o. 





FIG. . 1I.— BRACKET IN. COURT ROOMS. 
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FIG. I2.—CIRCUIT COURT ROOM. 


The. District wands Gircuit eeourt 
rooms are located on the sixth floor 
and are similar in size (about 50 by 
80 feet), and decorative treatment. 
Fig. 12 shows one of the two court 
rooms in which a fixture of torch de- 
sign is used. Fig. 10 shows the torch 
design more fee and ‘alsomthe vat- 
rangement of the frosted lamps sur- 
rounding the large opalescent flame tip 
which, when illuminated, enhances 
ereatly the beauty of the design. The 


Siher two court rooms. are “fixtured 
with the design shown it Pag vbr, the 
eround glass “ball taking the place of 


the flame tips . Lhe fixtures in all of the 
court rooms are decorative in effect. 
the natural daylight illumination from 
windows. on three sides and from the 
skylight of liberal size being generally 
sufficient. For night lighting, how- 
ever, the fixtures are supplemented in 
each of the court rooms by two rows 
of lights in beam soffits and bv fifty 


5S 


16 candle-power lamps supported in 
special fixtures about five feet above 
the skylight, and equipped with pa- 
geoda reflectors. The result is a most 





FIG. 13.—JUDGES’ BENCH, COURT OF APPEALS. 


THE ILLUMINATING ENGINEER. 343 





FIG. 15.—COURT OF APPEALS. 
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16.—BRACKET IN 


FIG. MAIN VESTIBULE. 
satisfactory illumination, nearly equiv- 
alent in effect to daylight. The finish 
of the court rooms in white marble is 
a material aid in this case in securing 
an excellent diffusion and in permit- 
ting the use of white frosted lamps of 
8-candle power in the exposed loca- 
tions. 

The Court of Appeals is located on 
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FIG, 


17.—BRACKET IN 


COURT OF APPEALS. 


the seventh floor, and is likewise ar- 
ranged for skylight illumination. In- 
direct lighting is secured at night by 
lamps mounted some distance above 
the skylight in the same manner as de- 
scribed for the other court rooms. 
Studded lamps increase the overhead 
illumination above the Judge’s bench 
as shown in Fig. 13, and lamps are also 
placed some distance behind the semi- 
circular windows at the rear of the 
bench. Supplementing the above 
scheme, Judge’s desk standards and 
special wall bracket fixtures are pro- 
vided, each equipped with white 
eround and cut glass globes. Fig. 17 
shows the special bracket design with 
back plate curved to fit the semi-circu- 
lar rear wall of the court room. 

The fixture feature of the important 
office rooms is typified by Fig. 14, 
which illustrates the private chambers 
occupied by Judge Grosscup. As 
shown in the photograph the general 
illumination secured from the fixtures 
is supplemented by a desk lamp for 
reading and writing purposes. 

The designs for all the decorative 
fixtures illustrated were secured as the 
result of a competition between the de- 
signers of the most successful and 
competent fixture manufacturers, and 
were based upon a descriptive specifi- 
cation similar to that mentioned in 
connection with the illumination of the 
Federal Building, Indianapolis, Indi- 
ana. 
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The Illumination of the Hotel Blenheim, 
Atlantic City 


The Hotel Blenheim is the latest and 
most magnificent addition to the nu- 
merous hotels of America’s largest 
seaside resort. It is run in conjunc- 
tion with its neighbor, the Marlbor- 
ough, the combination forming one of 
the largest hotels in the world. — Its 
claims to the attention of the illumin- 
ating engineer and architect, however, 
do not depend upon mere size. It 
embodies perhaps more novel features 
in architectural design, building con- 
structions, interior decoration, and il- 
lumination, than can be found in any 
other building of approximately equal 
proportions in the United States. 

In architectural design it is a de- 
parture from the classical designs 
which are the dominating fad with 
architects of the present time. The ex- 


terior proportions are admirably ar- 
ranged to bring out its large dimen- 
sions without undue exaggeration. 
There is a delightful absence of os- 
tentatious and “ginger-bread” orna- 
mentation that is so generally in evi- 
dence in summer resort structures, the 
general impression being one of sol- 
idity and repose, forming a marked 
contrast to the usual air of gaudy 
flimsiness. The architectural features 
are, to a certain extent, the result of 
the method of construction used. The 
fact is worthy of special commenda- 
tion, as architectural design is gen- 
erally the result of slavish adherence 
to some supposed school or period, 
and is carried out with equal disregard 
for mechanical construction and sur- 
rounding conditions. 
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FIG. 2.—BALL-ROOM. 


The building is of steel frame con- 
struction, the walls being of hollow 
brick plastered on the outside with 
cement. The cement is left its natural 
color, and the trimmings are of a light 
green, which gives an exceedingly 
pleasing combination of color. 

The general design and decoration 
of the interior is commendable for the 
same reasons that apply to the exte- 
rior. Simplicity with elegance is the 
key-note. There is no shining ex- 
panse of imitation marble; no exag- 
gerated and ponderous panels nor 
gilded mouldings; nothing flashy nor 
obtrusively ornate; an air of genuine- 
ness and artistic truth pervades the en- 
tire: treatment.” These ‘features: im- 
press themselves the more from being 
found in the midst of the unmitigated 
Philistinism for which the American 
summer resort stands pre-eminent. 

The illumination of the principal 


rooms is no exception to the general 
excellence of design, and shows the 
same independence of tradition, and 
adaptation to structural conditions and 
decorative design that characterizes 
the whole building. The most striking 
characteristic of the installation is the 
fact that the “fixture,” in the shape of 
metal chandelier or wall bracket, is 
conspicuous by its absence. In all the 
important locations the illumination ts 
entirely by lamps set in the ceiling or 
against the columns or pilasters. 
Figure 1 shows the lobby looking 
toward the main wing of the building. 
This lobby is two stories in height, 
the second floor leading on to the bal- 
cony, as shown. The central portion 
of the ceiling is an octagonal panel, 
inclosed by the large columns which 
support the upper floors. This panel 
is decorated with a relief design in 
stucco, the central portion forming a 
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FIG. 3.—PILASTER DECORATION IN LOBBY. FIG. 4.—DECORATIVE LAMP HOLDER IN CORRIDOR. 





FIG. 5.—MAIN CORRIDOR. 
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support for a large hemisphere as 


shown. This hemisphere is_ stud- 
ded with incandescent lamps, as 
are various points in the gen- 


eral design. In the corners of the sur- 
rounding panels there are also stucco 
figures in which lamps are placed. 
Stucco relief ornaments serving as 
holders for lamps are attached to the 
pilasters and columns. As will be seen, 
the general motif of the ornaments is 
taken from marine life, and the 
coloring is in tints suggesting their 
origin. 

The ball-room is in rotunda form, 
opening into the lobby on one side, and 
into corridors on two other sides. The 
illumination here is by lamps placed in 
relief ornaments forming the capitals 
of the pilasters, and studded in the 
central portion of the dome, as shown 
in Figure 2. The design in the dome 
is of stucco, using the conventional 
form of the sea-shell as a basis, and is 
delicately tinted to harmonize with the 
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frescoes of the panel.. The. detail is 
shown in Figure 3. 

The lighting of the corridors is by 
the same general method, 7 e., lamps 
set in relief ornaments placed upon the 
columns. A view of one of the corri- 
dors is shown in Figure 5. There is a 
possible justification for slight criti- 
cism here in not placing the lamps 
higher. It would seem both from the 
engineering and esthetic standpoints 
that a better effect would be obtained 
if the lamps in their relief setting were 
placed as capitals to the pilasters, 
which would have raised them farther 
out of the direct line of vision and 
given the ornaments a more natural 
position. : 

The banquet hall and dining-room 
are located at the end of the wing op- 
posite the lobby. The lighting in the 
main dining-room follows the general 
plan of the rooms just described, no 
pendant fixtures being used. In the 


four angles of the beams about the col- 





FIG. 6.—MAIN DINING-ROOM. 
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FIG. 7.—BANQUET-HALL. 


umns, decorative relief designs in 
stucco are provided, with lamps placed 
at suitable points, so as to form a por- 
tion of the general design, as shown in 
Figure 6. The theme in this case is a 
grape arbor, and the coloring is made 
to harmonize with the general tone of 
the room, which is old blue. 

In the banquet room the ornamenta- 
tion which supplies the setting for the 
lamps is placed around the tops of the 
columns, the general color scheme be- 
ing brown and vellow. The arrange- 
ment is shown in Figure 7. 

In the corridors of the room floors 
the lighting is unfortunately very 
faulty, being produced by incandescent 


lamps placed in comparatively large 
frosted globes, so placed as to shine 
directly through the transoms of a con- 
siderable number of the rooms. 

In the rooms themselves, however, 
a feature has been introduced which 
shows careful consideration of the 
guest’s comfort. This is the placing 
of a bracket designed to imitate a 
candle-stick, with a small incandescent 
lamp in place of a candle, on each side 
of the mirror, as shown in Figure 8. 

As a rule the’ installation is a 
splendid example of the contention 
that has so often been made that the 
metal chandelier or fixture is a relic 
of older systems of lighting, and has 
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FIG. -8.—LIGHTING OF: “BUREAUS. 





no necessary connection with the al- 
most unlimited adaptability of the elec- 
tric light. Not only is the traditional 
fixture of metai entirely superfluous 
from an engineering standpoint, but 
as 1s so admirably shown in this case, 
equally unnecessary as an adjunct to a 
decorative scheme of the highest artis- 
licvexcellence, 

From the engineering standpoint it 
is possible that a slightly higher econ- 
omy might have been obtained if foot- 
candles of illumination were the only 
results sought, but the installation is 
probably considerable more efficient 
than the majority of systems in which 
metal fixtures and decorative globes 
and shades are used to produce an or- 
namental effect. The ceilings in all 
cases are of light tint, the lobby being 
white, so that the factor of reflection 
is large. As evidence that the en- 
gineering features have not been en- 
tirely overlooked, however, lamps giv- 
ing.an effective downward distribu- 
tion are used, the Shelby lamp being 
now installed. 


- The Pioneer Days of Electric Lighting 


By G. WILFRED PEARCE. 


When the story of the beginning of 
the art of illuminating engineering 
shall have been fully told by the “cor- 
porals guard” of pioneers in electric 
lighting, the material will furnish mat- 
ter for a book that will abound in in- 
terest for the youngmen who are reap- 
ing the fields which were prepared by 
those who entered the electrical fields 
a quarter of a century ago. It is hard 
for the juniors in illuminating engi- 
neering to believe that there are men 
active in the business to-day who a 
quarter of a century ago were re- 
garded as little better in intellect than 
natural born fools, because they had 
embarked in a business which had 
against it the mighty power of the il- 


luminating gas interests, the hostility 
of fire insurance corporations, and the 
other obstacles which old fogyism puts 
into the paths of progress. Eight 
important manufacturers of gas fix- 
tures in the early days of the incan- 
descent light refused to make electric 
fixtures to order, for the reason that 
they dreaded the ill-will of the gas 
light companies, which in those days 
dealt largely in gas fixtures, and whose 
officers looked upon those who made 
electric fixtures as enemies. 

The first gas fixture house that em- 
barked in electric fixtures kept the 
samples in a small room in a corner 
of its upper salesrooms, and emploved 
a special man to sell the goods, and he 
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was instructed to be very careful not 
to let it be known to gas companies 
and plumbers that the house was mak- 
ing goods for the then three or four 
_ poor and struggling pioneers in the in- 
candescent electric lighting business. 
After awhile the story that this con- 
cern was making electric fixtures got 
out among the gas lighting interests, 
and the result was that the firm was 
practically boycotted from one end of 
the country to the other; and as the 
electric fixture business of the world 
at that time would not have sufficed 
to keep fifty fixture workmen fully em- 
ployed, the firm was obliged to plan 
for selling gas fixtures directly to con- 
sumers. Nobody in the gas fixture 
business at that time believed that the 
electric lighting business would ever 
become of consequence, and the same 
belief was common among makers of 
copper and brass goods. 

The great illuminating engineering 
sharps of those days were the makers 
of electric gas lighting systems. Those 
men were the pioneer workers with 
insulated wire and combination joints. 
Any man who thought of putting the 
incandescent light in his house was 
usually advised by his architect to take 
the opinion of an expert in lighting 
gas jets by the electric spark. These 
men usually “rung in for commissions 
on the side” with gas fixture makers, 
and consequently they never failed to 
give incandescent electric lighting “a 
black eye.” The dean of these gas- 
lighted-by-electricity mechanics was 
once called upon the president of a 
great life insurance company to pass 
upon plans that had been submitted to 
him for the installation of an incan- 
descent electric light plant in a part of 
his new building. The then head 
salesman for the electrical lighting 
~ company—now the head of a tremen- 
dous aggregation of electrical indus- 
tries—heard that the old electric gas 
lighting men had said that the manner 
in which he purposed to give blows 
full in the face of the incandescent 
lighting business, by reason of his re- 
port, would be the means of leading to 
the early death and burial of the “cir- 
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cus light business,’ by which name in- 
candescent electric lighting was then 
known. So this then head salesman, 
being blessed with the wisdom of the 
serpent and the harmlessness. of the 
dove, resolved to get close to the old 
gentleman and try to work him into 
making a report favorable to the put- 
ting of a plant into the insurance 
building. Bribery was no go. The 
old gentleman was as honest as day- 
light. Argument was tried and failed, 
as the gas lighting man was resolved 
beforehand that he would not change 
his mind. An offer of some shares of 
stock was rejected with scorn. But at 
last the salesman-found a way out. It 
seemed that the gas man had been a 
brave and capable officer in the Civil 
War, but had been passed over for 
promotion. by men deep in the wiles 
of how to make things go right in poli- 
tics. The salesman being clever with 
his pen, got from the old man the story 
of his most thrilling adventures on the 
battlefield, and worked them up with 
illustrations, and had them published 
in a famous magazine. The matter 
was most interestingly written and eli- 
cited much favorable comment. In a 
day the gas engineer had become fa- 
mous again. He was cheered at meet- 
ings of veterans, and made much of 
everywhere, and in the light of his 
gratitude to the man who had, as one 
might say, raised him from the dead to 
military life, he told the clever sales- 
man for the electric light company to 
write a report favorable to its installa- 
tion down town—not more than a mil- 
lion miles from the Equitable Assur- 
ance Building—and he would sign it. 
This was done, and the results justi- 
fied all that was claimed for the plant, 
and the effect therefrom produced 
good seed afterward sown to increase 
an hundredfold, and thereby a great 
industry was put on its feet. 

The first electric lighting fixtures 
for incandescent lamps was made by 
William Pearce, Boston, Mass., to the 
order of George Peabody, the great 
banker and philanthropist. The motif 
was a free treatment of stalks of In- 
dian corn and running pumpkin vines. 
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Twenty-six lights were set in sockets 
fashioned like the stems of ears of 
corn. The bulbs were of moulded 
glass made to show kernels, and the 
sockets had leaves of sheet brass ham- 
mered to the likeness of corn shucks. 
The twenty-six lights symbolized the 
then twenty-six States of the Federal 
Union. This candelabra was about 
twelve feet high, and was finished in 
ormula. The object of its manufac- 
ture was to enable George Peabody to 
use it in his office for the purpose of 
enlisting capital in floating the elec- 
trical lighting inventions of J. W. 
Starr,/of Cincinnati, Ohio... Phe can- 
delabra was afterward taken to George 
Peabody’s banking offices in London, 
where Michael Faraday saw it and 
made it the subject of a lecture. 

In his boyhood, Mr. John Pierpont 
Morgan saw this lighting fixture in 
Peabody’s office, where he was ap- 
prenticed to learn the banking busi- 
ness, and it is known that Mr. Mor- 
gan’s interests in the electrical field, 
which now amounts to many million 
dollars, was first quickened by what 
his father and the aged George Pea- 
body told him in his young manhood 
of the brilliant young American, Starr, 
who was the father of the incande- 
scent electric lamp, and who died just 
on the eve of making a practical dyna- 
mo. - This first’ incandescent electric 
lighting fixture was made about 1842. 
From the same patterns Moses Far- 
mer, many years in charge of the elec- 
tric fire alarm system of Boston, Mass., 
got out material for incandescent 
lighting fixtures for his own home, for 
which he invented an incandescent 
lighting system dependent upon a bat- 
tery. This plant was seen by Edison 
when he was a telegrapher in Boston 
many years ago. 

The first public stage lighting by the 
electric incandescent system was 
brought out at Portland, Maine, in the 
early forties, by the inventor of manni- 
kins mechanically moved by electricity, 
that went through the mimicry of the 


battles of Concord and Bunker Hill. 
For the moonlight illumination of the 
march of the British from Boston to 
Lexington, the inventor produced a 
fine moonlight effect from the incan- 
descent light, and a very fine sunlight 
effect from a glass sun illumined by 
electric light, reflected from cut glass 
prisms. Meyerbeer, the composer, 
heard of this sunlight effect at the 
American mannikin show, and sent 
over and got the right to use it for his 
opera’ “The »Prophet.” Dr. -Celton: 
who brought out an electric tram car 
away back in 1846, and who survived 
to ride in modern trolley cars, said 
that he never saw a finer effect of elec- 
tric lighting than at the mannikin 
show in Portland, Maine, away back 
in the forties. 

Many incidents of like nature might 
be adduced to mark the growth of the 
art of illuminating engineering. In 
the old days, the illuminating engi- 
neers had to illuminate the minds of 
the public. The present writer’s work 
as engineer of the first large interest in 
incandescent lighting was in great part 
devoted to press publicity, speaking at 
banquets, and before scientific soci- 
eties, and in conducting controversies 
with fire underwriters, and the great 
financiers concerned for the perpetua- 
tion of the gas lighting business as the 
sole holder of the field in which the 


‘poor little bantling electricity was try- 


ing to pick up a few crumbs. And 
yet withal, the twin sisters of indus- 
trial progress blessed us—Art and Sci- 
ence. The best architects, faithful dis- 
ciples of Art, were with us heart and 
soul from the beginning, and the sons 
of Science, the professors at the uni- 
versities of technology and at the uni- 
versities, lent us a helping hand, and 
by themselves fought many a hard bat- 
tle for us, and so the art of illumin- 
ating engineering was not strangled in 
her= cradle, ‘but: lived and grew re 
beauty and strength, and is now in the 
forefront of the progressive arts of 
mankind. 
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ILLUMINATING ENGINEERING 
WITH GAS 


When the Iluminating Engineering 
Society was in process of formation 
the question of the relation of such an 
Organization to the gas industry na- 
turally arose. Those interested in 
electrical illumination were inclined to 
assume that the engineering of illu- 
mination belonged almost exclusively 
to their field; so much so indeed that 
the only adverse criticism that was 
made on the formation of the society 
arose from a fear that it might become 
a competitor of the American Insti- 
tute’ of Electrical Engineers... The 
papers and discussions thus far pre- 
sented are a sufficient refutation of 
this criticism and show that, if any- 
thing, the illuminating engineer is 
more urgently needed in the domain 
of gas lighting than in electrical illu- 
mination. .While commercially the 
production of gas and electricity has 
been so frequently combined in this 
country as to greatly reduce genuine 
competition between producing com- 
panies, the contest for supremacy in 
cheapness and efficiency of the light 
produced continues unabated. This 
must always be the case, since such 
improvements are the result of scien- 
tific investigation and invention, and 
the scientist and inventor are not 


wholly actuated by commercial mo- 
tives. This has resulted in each meth- 
od of lighting retaining the field due 
to its own peculiar advantages: the 
electric light is more adaptable, re- 
quires’ less care, and produces less 
heat; to offset these advantages gas 
light is much more economical. 
Having an economical advantage 
so largely in its favor, and apparently 
unattainable by any system of electric 
lighting, gas lighting has rested upon 
this single point of superiority; as a 
result it has assumed a_ secondary 
place in illumination—that is, it is 
used where electric lighting cannot be 
afforded. Gas illumination has, there- 
fore, come to be recognized as pro- 
claiming the user’s inability to stand 
the greater expense of electric light- 
ing, or his unwillingness to spend 
more money for a more elegant sys- 
tem of illumination. Recent discov- 
eries in the production of electric light 
are of so revolutionary a nature as to 
very seriously threaten this chief van- 
tage ground of gas lighting. The same 
principles which have been utilized in 
the cheapening of gas light, that is, the 
use of the peculiar properties of the 
so-called rare earths and metals, are 
at last being appropriated by the elec- 
trical interests, with the certainty that 
in the near future the efficiency of elec- 
tric lighting will be at least doubled. 
If it is thus to be driven from its 
stronghold of economy, gas lighting 
must go out in search of improve- 
ments of a decorative and esthetic 
nature. That this fact has been recog- 
nized to some extent is evidenced by 
the advent of the inverted incande- 
scent gas lamp. As we have before 
pointed out, the very name of this 
lamp indicates a reversal of the na- 
tural order of things. An inverted 
lamp is by its own definition a lamp 
burning upside down. The sole ex- 
cuse for this inversion must be found 
in an attempt to compete with the 
electric lamp from the zsthetic stand- 
point. Undoubtedly many workers in 
this line have had in mind better dis- 
tribution of the light from a burner so 
placed; but the assumption that it is 


> 


354 THE ILLUMINATING ENGINEER. 


necessary to invert a burner in order 
to secure a downward distribution of 
light is contrary to the present condi- 
tions of the art. With the use of the 
modern reflectors it is possible to se- 
cure a greater variety of distribution, 
whether downward or sidewise, than 
can be obtained with the inverted 
burner. Whether these burners will 
develope an actually higher efficiency, 
and a less cost of maintenance than 
the upright burner, and whether the 
acknowledged inherent difficulties can 
be practically overcome, are questions 
upon which we do not care to pass 
judgment at the present time. Ample 
talent is being utilized to the utmost 
to perfect the burner, and the question 
of its place in illuminating engineer- 
ing will depend upon future develop- 
ments. .lt is now ="“up to the: gas 
lighting interests to bend every effort 
toward improving the quality of illus 
mination, and the decorative features 
of lamps and fixtures. We believe 


that the present status of gas lighting 


is far from what it should be in these 
respects, I herésis no inherent reason 
at the present time for gas illumina- 
tion accepting a position so admittedly 
inferior to that of electric lighting. 
The earlier forms of the Welsbach 
burner, with their tall, straight chim- 
ney, and small fluted porcelain reflec- 
tor, were hopelessly ugly. Add to this 
the greenish cast of the light which 
the mantles, particularly when old, 
gave forth, and their excessive glare, 
and the combination made a very poor 
second to the comparative elegance of 
the incandescent lamp with its usu- 
ally small and more or less ornamen- 
tal shade. Later an attempt was made 
to imitate the most defective form of 
electric lamp, so far as appearance is 
concemnced> (hates. she ware tani: 
The impossibility of making the arc 
lamp decorative in appearance is evi- 
denced by the fact that they are never 
used at the present time in positions 
where elegance is of prime importance. 
Nevertheless, the so-called “gas arc” 
was largely introduced and used, fur- 
nishing a peculiar example of a suc- 
cessful attempt to imitate the faults 
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rather than the virtues of a competi- 
tor. Later the efficiency of incande- 
scen gas burners was increased by the 
simple expedient of lengthening the 
mixing tube. This again rather di- 
minished than increased the sightli- 
ness. of the burner. The next step, 
however, was a long one in advance, 
from the esthetic standpoint; this 
was the construction of the ‘‘air-hole”’ 
chimney, a construction which per- 
mitted cutting down the length of the 
chimney by half, and increasing its 
diameter, thus at the same time adding 
to its efficiency and appearance. The 
efficiency has thus been increased to 
such an extent that a portion of it can 
very well be sacrificed to quality; in 
other words, chimneys .of defusing 
glass, such as opal or frosted, and of 
ornamental shape, can be substituted 
for the old straight side clear glass 
chimney. 

Without disparaging the inverted 
burner, it may be safely asserted that 
the upright incandescent gas lamp can 
be made quite as decorative and ele- 
gant in appearance as the incandescent 
electric lamp. It is worth remarking 
also, that while the gas lamp manutac- 
turer has been struggling to turn his 
lamp downward after the fashion of 
some electric lamps, the electrical fix- 
ture maker and decorative artist have 
been turning their electric lamps up- 
ward in an endeavor to imitate candles 
and gas flames. If there are any 
doubts as to the decorative possibilities 
of the best form of upright gas burn- 
ers, they should at once be resolved 
by an inspection of the fixtures which 
we illustrated in our last issue, where 
similar designs for gas and electric 
lights were shown side by side. The 
inverted gas burner has_ unquestion- 
ably largely increased the decorative 
possibilities of gas lighting; and with 
the development of burners construc- 
ted to burn at downward angles, the 
possibilities in this line will be still tur- 
ther widened. 

Considerable attention has also been 
given recently to devices for lighting 
and extinguishing gas lamps at a dis- 
tance, thus giving them one of the 
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great advantages that has heretofore 
been monopolized by the electric light. 
This fact was deemed of such impor- 
tance by the electric industries as to 
receive special attention at a recent 
gathering of the electric lamp manu- 
tacturers. 

The moral which we wish to draw 
from this discussion is, that the gas 
lighting industry stands in especial 
need of the work of competent illu- 
minating engineers. In making: this 
statement we wish to emphasize the 
fact that the competent illuminating 
engineer must be conversant with the 
principles of decorative art as applied 
to illumination, and must consider illu- 
mination frdbm the zesthetic point of 
view quite as much as from the purely 
commercial. By the selection and use 
of the best modern devices and with an 
intelligent consideration of the deco- 
rative features involved, there is no 
reason why gas lighting should not 
take its place as a first-class system of 
illumination, instead of filling the sec- 
ondary place which it holds solely by 
virtue of its cheapness. 


<e NEW BUSINESS’? CAMPAIGNS 

In a previous. issue we noted the 
formation of the Co-Operative Elec- 
trical Development Association. The 
object of this association is to co-or- 
dinate the efforts of the various elec- 
trical industries toward increasing the 
sale cf electric current and all the 
machinery and apparatus connected 
with its generation and distribution. 
An advertisement also appeared in our 
pages announcing an offer of one 
thousand dollars in prizes for the best 
articles on subject related to this pur- 
pose. The second of the prize articles 
to be published appears in this issue. 
Although a portion of the matter of 
this article does not directly concern 
illuminating engineering, it is so well 
expressed and contains so much mat- 
ter of general interest that we gladly 
publish it in full. 

Without reviewing this paper in de- 
tail, we wish particularly to commend 


the general policy which forms the 
basis of the argument, and that is, to 
give the public good service. There 
are many phrasings of this familiar 
statement that have become so famil- 
iar as to have often suffered the pen- 
alty of familiarity, the breeding of 
contempt. That “honesty is the best 
policy” has long been admitted, but 
often with many mental reservations. 
Lincoln’s well known dictum stating 
the impossibility of “fooling all the 
people all the time,’ and Roosevelt’s 
appealator thes square deal.’ are ex- 
pressions of the same general truth. 
There is undoubtedly no field in 
which there is so great an opportunity 
for improving the conditions and ser- 
vice as in that of illumination, and 
any influence which is directed toward 
this end is worthy of every encourage- 
ment. A number of the largest cen- 
tral stations have already established 
an illuminating engineering depart- 
ment, and in one case of which we 
have personal knowledge the results 
from the commercial standpoint are 
most gratifying. The study of ways 
and means for loading the customer’s 
current bill without giving adequate 
return in illumination must be abso- 
lutely discarded, and attention directed 
in the opposite direction of giving 
more and better illumination with less 
current. The contract that is ingenious- 
ly framed so that any considerable re- 
duction in current will raise the actual 
total cost by a sliding scale scheme 
must likewise be abandoned. There 
are already in existence in two of the 
large cities incorporated companies, an 
important branch of whose business is 
to protect customers against such prac- 
tices, and to see that they are not over- 
charged purposely or by unintentional 
errors which companies refuse to cor- 
rect. The necessity of such services 
from out side parties is a very serious 
reflection upon the business methods 
of lighting companies, and is also a 
convincing proof that in the end all 
the people will not continue to be fool- 
ed. As a permanent investment, the 
square deal is the only one which is 
sure to bring continued dividends. 
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THE PASSING OF THE CARBON 
FILAMENT LAMP 


Some eighteen months ago, in an ar- 
ticle written for The Central Station 
under the caption “Is the Carbon Fila- 
ment Lamp Doomed?” we reached a 
conclusion in the affirmative, and pre- 
dicted that carbon must, in the near 
future, give way to substances better 
adapted to the transformation of elec- 
trical energy into light. This conclu- 
sion was based on the theoretical pos- 
sibilities of the so-called rare metals, 
and the general proposition, that 
where improvement is theoretically 
possible, it will, sooner or later, be- 
come an accomplished fact. Com- 
paratively little was publicly known at 
that time of the results of researches 
in this line. The tantalum lamp was 
soon after brought to public notice in 
this country, and within the past half 
year reports have been coming thick 
and fast of various discoveries and 
patents in this field, and of the forma- 
tion of commercial companies for 
their exploitation. The so-called 
“metalized filament” was also publicly 
announced not long after this article 
appeared.” ~The: latestor ‘these new. 
processes claims a lamp of one watt 
per candle einciency, ~ lovdropsirom 
four watts per candle, which is still not 
unusual with the carbon filament lamp, 
to one watt per candle, is not only 
revolutionary but startling; and yet 
there is theoretically no reason why 
this should not be accomplished. 
Lamps of this efficiency have already 
reached this country, and “it is «said 
will soon be placed on the market. 

In the article referred to, we men- 
tioned some experimental work in this 
line that had been done by a mining 
engineer of recognized ability, Mr. 
BON = Cazine dis syesearchess. co 
back ten or twelve years, and some 
of his methods were developed to the 
stage of an attempt to manufacture on 
a commercial scale. Troubles among 
the members of the company seem to 
have brought this venture to an un- 
timely close, and even prevented the 
actual results obtained from becoming 


known. It was claimed that lamps of 
I.7 watts per candle had been made, 
showing an average life of 600 hours. 
Although Mr. Cazin has had many 
liberal offers to demonstrate the ad- 
vantages claimed for this process, he 
seems to have preferred enjoying the 
sense of absolute possession of his pa- 
tents more than the cpportuuity of 
making them a commercial success, 
and while he has been dreaming of 
millions in the future, experimenters 
have been at work accomplishing prac- 
tical results and making the rare-metal 
filament lamp a commercial entity. 
There seems to be several practical 
methods of producing filaments of the 
rare or infusible metals, and several 
metals of the group available for the 
purpose; so that the chances of a 
monopoly on improvements of this 
kind are very considerably reduced, 
and the supply of material increased 
proportionately. 


oo 


OUR CONTRIBUTORS 


It is always a matter of interest, and 
in many cases, especially with techni- 
cal articles, a matter of importance to 
know something of the qualifications 
of the writer. The following infor- 
mation will therefore interest ILLU- 
MINATING ENGINEER readers: 

Mr. Arthur A. Ernst is president 
of the Engineering of Light and Illu- 
mination Company, New York, and 
devotes his entire time to illuminating 
engineering. 

Mr. Ernest C. White is a practicing 
illuminating engineer, with offices in 
Winnipeg, Canada. 

Mr. J. E. Woodwell is the Illumin- 
ating Engineer for the Treasury De- 
partment, United States Government, 
his official title being Inspector of 
Electric Lighting Plants. 

Mr. George Wilfred Pearce is con- 
nected with the Financial Department 
of the New York Sun. He was for- 
merly engaged in the manufacture of 
lighting fixtures, and has seen the elec- 
tric light develop from a mere scien- 
tific curiosity to its present command- 
ing position in the lighting world. 
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Research 


and Investigation 


Conducted by THe Ittuminatinc ENGINEER 


THE MOORE LIGHT 


In our last issue, we gave a short 
“popular” description of the Moore 
Vacuum Tube system of illumination, 
expressing a belief that this form of 
light, which has been in an experi- 
mental stage for the past ten years, 
has at Jast reached a position where 
it is to be reckoned with as a com- 
mercial light source. In order to de- 
termine to what extent this belief was 
well founded, we have had an inves- 
tigation carried out by The Electrical 
Testing Laboratories, the report of 
which follows: 


Report No. 2250. 

Report on Measurement of Illumina- 
tion Produced by Moore Tube 
Nernst and Incandescent 
Electric Lamps. 


Order No. 2241. 

The tests covered by this report 
were made for THE ILLUMINATING 
ENGINEER under the general direction 
of Mr. E. Leavenworth Elliott. The 
lamps were installed in the Picture 
Department of the store of L. Bam- 
berger and Company, Market street, 
Newark, N. J. The general arrange- 
ment of the space illuminated and the 
location of the illuminants is indi- 
cated in the attached blue print of a 
plan, available through the courtesy of 
the Moore Electrical Company. See 
Pig.: 1.) 

Measurements of illumination were 
made at seven points in a horizontal 
plane thirty-four inches (34”) above 
the floor. These test points were lo- 
cated in the space between the ex- 
hibition racks, whose _ illumination 
constituted the chief object of the in- 
stallations. They are indicated on the 
diagram already referred to. 

The ceiling of the illuminated space 
was metallic, finished in cream color. 
The walls and partitions were covered 


with red burlap, upon most of which 
pictures were mounted. 

The Moore TusBe was 179 feet in 
length and 134 inches in diameter. 
The light emitted by the tube was 
characterized by a representative of 
the Moore Electrical Company as of an 
“orange tint.” The tube has been in 
service about one thousand (1,000) 
hours, having been installed March 
16th, 1906. 

The Nernst lamps were of the six 
glower, A. C. type, with opalescent 
globes of bluish tint. Within twenty- 
four (24) hours before the test they 
were equipped with new 250-volt 
glowers. All glowers were burning. 

The INCANDESCENT lamps were wir- 
ed to molding on the ceiling, with 
the exception of twenty (20) 16-can- 
dle-power lamps used with opaque re- 
flectors for the illumination of certain 
swinging racks. These latter were of 
practically no utility in illuminating 
any of the stations investigated. The 
total equipment included eighty-eight 


(88)  8-candle-power lamps and 
twenty-five (25)  16-candle-power 
lamps. The bulbs of all the lamps 


were of clear glass and were cleaned 
immediately before the test. 

The intensity of illumination was 
determined by means of a Weber pho- 
tometer especially arranged for work 
Of tnis character... (his: instrument, 
together with the instruments used in 
determining electrical conditions, were 
carefully verified in the laboratory of 
the Electrical Testing Laboratories at 
New York on the day of the test and 
on the following day. 

All electrical values in connection 
with the Moore TuseE and the NERNST 
lamps were determined by instruments 
belonging to the Electrical Testing 
Laboratories, placed in circuit upon 
the service during the test. Because 
of differences in wiring arrangements 
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FIG. 1.—PLAN OF ROOM, 
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@Luminomeler Stations, 34” 


SHOWING LOCATION OF LIGHT-SOURCES AND ILLUMINOMETER 


STATIONS. 


for the INCANDESCENT lamps similar 
values could not be determined with- 
out great difficulty. Consequently it 
was decided to remove nineteen (19) 
of the lamps from their positions and 
by supplementary test, . considering 
these lamps as representative of all 
those installed, determine with suff- 
cient accuracy the total energy con- 
sumed by the INCANDESCENT lamps as 
installed. With this end in view the 
voltage conditions were carefully de- 
termined during the test and supple- 
mentary tests at Electrical Testing 
Laboratories upon the INCANDESCENT 
lamps were made at voltages so deter- 
mined. 

All the illuminants were used with- 
out reflecting devices of any kind. 


RESULTS OLZI Esk 


Height of ceiling, ten feet, eleven 
inches (io, 11. )ta-Plane investivated: 
horizontal, thirty-four inches (34”) 
above floor. 

Norte 1.—As all instrument parts, as 
well as the operator, were below the 
plane in which measurements of 1l- 
lumination were made, low intensities, 
such as those found at Station 5, can- 
not be ascribed to Soa interfer- 
ence. 


Note 2.—The unit of illumination 
used in this report is known as the 
lux and is equivalent to the illumina- 
tion produced on a plain surface by a 
source of one candle-power at a dis- 
tance of one meter, the rays of light 
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falling upon the surface perpendicu- consumption of energy by the Moore 

larly. One foot candle is equal to TUBE are measures of total energy 

10.76 luces. consumed by the Moore TUBE system, 
Note 3.—All figures setting forth including all auxiliaries. 





Moore. Nernst. Incandescent. 
Height of illuminant above floor. QO tt.+6 in, OL it-10 An: fOmiee Oo: 10 
INI Deter Ot TUNING: Gost cae paket ee < Teatupe wie fins <7 1-0-9 bower 9 88- 8-c-p., 25 
longs 1376 101; lamps  (250- 16-c.-p. lamps, 
diameter. volt glow- clear bulbs. 
ers). 
SEINE MC tpt eek iar aeRO a 60 cycle. 60 cycle. 60 cycle. 
Average voltage of circuits dur- 

HASAN see crak tal avai etei enn bis & 243 244 117 
RCL O Watt Shred Ot bites cto Pats 3.15 3.92 4.13 (est.) 
Vote ain Pere sues Ah meee is Gr 5 5 5640 er SOOO em ait ae ett eine oe a, 
Indicated power factori:......<.. 56% ROG MEM Gee Ga ese ct ce 5 


INTENSITY OF HorIZONTAL ILLUMINATION. 


Test Station No. Moore. Nernst. Incandescent. 
I 68 luces AI luces 21 luces 
2 68 67 16 
3 76 52 16 
4 ie 30 19 
5 18 17 3 
6 68 78 12 
7 63 15 17 
ARS eas ae iar tee ener Md Vi) Sage 63 44 cs 
Average variation from mean—index of degree 
OU MUUIMIOUIte VR Ots Poh ile fe a a vila cass 20.3% Ate 70 28.1% 
Average Micesm per Umit CNELS Vi. coon. oe ede os os 20.0 Tig 320 





SUPPLEMENTARY TEST ON INCANDESCENT LAMPS. 














Lamp No. Rated Operating Volts. Candle- Watts. Watts per 
Volts. Tested at. power. Candle. 

I No rating b17 Te 21.5 4537 
2 No rating ne, 6.4 30.9 4.82 
3 II5 ine, 63 32.9 5.22 
4 II5 E17; 8.0 33.1 4.14 
5 II5 117 8.1 33.5 4.13 
6 114 117 6.5 222 5.11 
y, No rating 117 7.0 31.9 4.50 
8 No rating 1 7.0 31.9 4.56 
9 115 Ta 7-7: 33-1 4.30 
10 No rating 117 6.4 20.3 4.90 
II 115 117 Te Boe 4.31 
12 No rating 117 4.3 Dye 6.34 
13 IT5 117 9.6 30.4 3.79 
14 107) 117 7.4 32.1 4.33 
15 No rating 117 6.2 29.1 4.70 
INE ES ca ee aan IA Toe 7k 22:3 4.62 
I 118 117 122 52.4 ax, 4.20 
2 115 17 15.0 50.6 et ° 3.38 
3 II5 E17 13.7. 55.0. #2" 4.06 
4 118 117 13.5 4Q.2 3.65 
5 II5 FEZ 15.5 50.8 3.28 
PASS aE eed hogs CEN ee OR 14.0 51.7 3:73 


ELECTRICAL TESTING LABORATORIES, 
Checked by E. Fitz Geran, July 18, 1906. Preston S. Millar. 
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FROM PHOTOGRAPH, 


FIG. 3.—ILLUMINATION BY NERNST LAMPS, FROM PHOTOGRAPH. 





THE ILLUMINATING 


ENGINEER. 361 





FIG. 4.—ILLUMINATION BY INCANDESCENT ELECTRIC LAMP, FROM PHOTOGRAPH, 


The conditions under which the in- 
stallation under investigation was 
made were particularly favorable for 
Buca stest. Phe proprietor of the 
store in which it is located has evi- 
dently been an investigator of illum- 
inating problems himself, for the store 
might almost be called an “Tlluminat- 
ing Laboratory.”’ All modern forms 
of illumination have been installed, and 
are still in place and ready for service, 
including Incandescent Gas (Gas 
Arcs), Incandescent Electric Lamps, 
Enclosed Arc Lamps, Nernst Lamps, 
and the Moore Tube. In the Art De- 
partment, where the Moore Tube is 
installed, there are not sufficient Arc 
Lamps nor Gas Arcs, however, to en- 
able a just comparison to be made. 
but we hope in a future issue to be 
able to report comparison between the 
Moore Tube, the Enclosed Arc and 
the Mercury Vapor Lamp. 

Reducing the results to compara- 


tive figures and round numbers, it ap- 
pears that with equal consumption of 
current the Moore Tube has twice the 
illumination power of six-glower 
Nernst Lamps, and six times the value 
of Incandescent Lamps of 3.50 watts 
commercial efficiency. It will be not- 
ed from the tests of the incandescent 
lamps that their average efficiency was 
3.73, which is probably a fair average 
of the regular 3.50 watt lamps during 
the total period of their life. 

A considerably higher illumination 
could, of course, be obtained from the 
incandescent lamps by the use of any 
good reflector and this should be kept 
in mind in making the comparison. 
By such means it would be easy to 
double the illumination on the surface 
considered. On the other hand, it is 
equally possible to use a_ reflector 
with the Moore Tube. This is accom- 
plished by simply silvering the upper 
half or coating it with white enamel or 
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opal glass. We expect also in a sub- 
sequent issue to publish tests upon 
tubes of this kind, and also upen the 
illumination from tubes giving white 
light. 

The item of maintenance must also 
be considered in making comparisons 
of cost. The engineer of the build- 
ing reported that the Moore Tube had 
given no trouble nor expense what- 
ever since its installation. The period 
that has been in use (practically 1,000 
hours) would have required at least 
11%4 complete renewals of the incan- 
descent lamps, while in the case of the 
Nernst Lamps, we understand that 
the maintenance cost as determined by 
the Public Service Corporation of 
New Jersey is $0.01 per K. W. H. 

The maintenance cost of the three 
systems for 1.000 hours would then 
have been as follows: 


MOORE taiara dts, Te Rane Meade: $0.00 
PNKCLEDSE. ues Bo ee eeenece 39.20 
Tmeancdescent. maces assets 27:20 


The original cost of installation of 
the Moore system we understand is 
substantially the same as the cost of 
ordinary arc or incandescent systems 
including the necessary wiring. 

The visual effect of the illumination 
is a matter of paramount importance, 
and this cannot be fully expressed by 
any system of photometric measure- 
ments. While photographic processes 
do not give an exact representation of 
the visual effect, they furnish instruc- 
tive data. The illustrations given in 
figures, 2, 3 and 4 bring out the char- 
acteristics of each system of illumina- 
tion, but in an exaggerated form. The 
Moore light is surprisingly actinic in 
view of the decidedly reddish cast 
which it possesses. The tint of the 
light, however, is quite distinct from 
the orange-red light of flame or incan- 
descent lamps, being of the cherry red 
order, indicating the presence of a 
considerable portion of blue rays. The 
photographs taken therefore are, as 


stated, more pronounced in their con- 
trast than is the effect of the illumina- 
tion on the eye. The difference is the 
diffusion of the light and in the effect 
of glare (halation) is, however, sub- 
stantially accurate in the photographs, 
and they are valuable to this extent. 

As mentioned in our previous arti- 
cle, the efficiency of the White Light 
System is much lower than that of the 
Standard Light. From photometric 
measurements made upon the inten- 
sity in a direction perpendicular to the 
tube, it seems probable that the eff- 
ciency is not over one-half that of the 
Standard Light. This ditferencesus 
due to purely optical causes, as has 
been pointed out, and cannot, there- 
fore, be improved by electrical or me- 
chanical means. As an approximation 
to sun-light, however, it is remarkably 
close. In a portrait studio which has 
been equipped with the White Light, 
it is stated that artists working in 
water colors are enabled to work by 
the artificial light with exactly the 
same results as by day-light; and ina 
department store in which it has been 
installed, the salesmen state that it is 
equal to day-light for the purpose of 
matching colors. 

The Moore system of light intro- 
duces some novel problems in photom- 
etry; thus, the ,“law sof inverse 
squares’ would hardly hold on account 
of the large extent of luminous sur- 
face, and the vexed question of “mean 
spherical candle-power”’ would seem- 
ingly need to be replaced with “mean 
cylindrical candle-power.” The only 
satisfactory measurement is one of an 
actual illuminating value, such as was 
made in the above test. 

It is needless to say that the Moore 
Light can never satisfy all conditions 
of illumination; but from the results 
obtained in the test, and from the ex- 
perience gained from its use thus far, 
which practically does not extend be- 
yond a year, it seems safe to say that 
there is a large field for its application. 
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Correspondence 


FROM OUR LONDON CORRES- 
PONDENT 


TENDERS FOR ELECTRIC LIGHTING. 


Considerable war is being waged on 
this side by gas and electric lighting 
companies to secure the public lighting 
of the streets-of I:ondon. © The au- 
thorities of one district, Westmin- 
ster—or as the powers that be choose 
to call it, the City of Westminster— 
claiming that it has civic rights which 
are as old, or older, than the City of 
London, have just had under consid- 
eration two tenders, the first of the 
supply and fixing of flame are lamps 
and lamp posts, to remain their prop- 
erty, and for the maintenance and 
lighting of the lamps on the following 
terms’: 

No charge to be made for the first 
18 months and for the remaining 3% 
years to be the same as at present 
charged for arc lamps, which would be 
as shown in Table I. 

The alternative tender was for the 
supply and fixing of “Oriflamme” 9 
ampere flame arc lamps and lamp- 
posts for the sum of $204.00, and 


for the lighting and maintenance of 
the lamps on the terms shown in 
ablesLt. 

The lamps are to be lighted and 
maintained free for the first 18 months, 
and for the remaining 31% years the 
sum of £17 15s. per lamp per annum. 
The offer to maintain the lamps free 
for the first 18 months is made be- 
cause the system of lighting by flame 
arc lamps is new and the company 
tendering desire to gain practical ex- 
perience of the best type of lamp; they 
venture the opinion that the candie- 
power would considerably exceed that 
specified and state that the streets 
would be more efficiently lighted with 
fifteeny flame arc’ lamps than~ with 
twenty gas lamps of 900 candle-power. 


This special tender: applies to the 
lighting of Parliament street and 
Whitehall. 


The gas company tender was for the 
supply of lamp-columns and lamps 
where none now exist, for the sum of 
£81.60 per lamp, and for the main- 
tenance and lighting of the whole of 
the lamps, at $72.24 per lamp per an- 
num. At the time of writing no settle- 
ment had been made; there seems very 
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little doubt that the flame arc lamp 
here is still in an experimental stage, 
and that even the friends of the sys- 
tem are uncertain as to the practical 
results. The illumination is most bril- 
liant, and the colors more nearly ap- 
proaching brilliant sunshine. An in- 
stallation has been set up at the foot 
of one of the London bridges where 
the traffic is very heavy. What the 
cost for energy may be we know not, 
and from the reports we have seen it 
is at present an unknown quantity. 


COST OF. /ELECTRIC*SUPPLY, IN- LONDON 


In a recent issue of the “Electrical 
Times” the editor gives in elaborate 
tabular form Electric Supply Costs 
and Records of Metropolitan (London 
and District) and Provincial Works. 
The calls upon space will not permit 
more than a brief reference, so we will 
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side and glance only at the working 
results which include: costs per unit 
sold, average price obtained, etc. The 
undertakings are the property of the 
Local Municipal Plants and Private 
Companies. ‘Lhe table includes par- 
ticulars of the following districts or 
parishes for the year ending March, 
1905S. 

The companies give no particu- 
lars of the population of district sup- 
plied. The returns, as published in the 
journal named give most elaborate 
statistical information, but the fore- 
going will, we feel sure, be of interest 
to illuminating engineers in America, 
because it gives some idea of the mag- 
nitude of the electric lighting business 
in the City of London and suburban 
districts. The tables also include sta- 
tistics of some I80 provincial under- 
takings, the property of local authori- 
ties, and upwards of 80 that are gen- 


omit what may be termed the financial 





erated by public companies. 
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Plants: Penny. Penny. Penny. Penny. Lamps. Units. 
Battersea vend: 180,000 1,554,920 1.04. 1.44 2.99 2.35 70,403 29.5 
Bermardsey ..... 130,000 932,103 116 1.58 2.60 2.08 39,480 27.0 
Palhamieecce ce tor 150,000 1,865,008 1.01 1633 2.12 1.54 71,045 29.6 
Fiackney Si. gras 230,000 2,548,803 57 88 3.09 1.64 IT¥,437 2a 
Hammersmith ... 114,200 2,948,633 89 1.21 2.04 1.54 98,369 31.0 
Hampstead) S42. 1,900 3,504,411 1.28 1.84 4.08 2 240,922 15.7 
Islington . 361,000 3,097,064 1.69 POP 4.20 3.50 120,473 27.6 
POD a tie oak: omnes 168,800 2,331,027 .93 1.25 2.45 1.50 108,590 24.8 
Shoreditch ». 225)... 11S;700 3,530,407 1.54 1.83 3.13 2.55 190,320 19.8 
Sarthwork = 221,000 857,840 1.54 1.92 3.54 PREG 35,300 Zines 
Stepney 122°. «298,000 31,425,153 85 1.10 2.33 1.55 123,532 2255 
Stuseancras, rea. 235,300 5,590,816 1.05 1.35 3.20 1.61 270,863 27, 
Private Companies. 
Branston Re 2,624,380 1.07 1.97 4.43 Beni: 188,586 14.6 
Charing: Gross]. 15,483,157 507, 1e57 3.00 2.90 824,404 20.2 
Chelsea Aart ea% 3,222,038 eae 1.78 4.22 cane 221,800 15.0 
City of London.. 17,624,110 84 1.43 3.29 2.48 759,902 24.4 
County of London 8,614,187 T.O1 1.64 a72 ee 656,778 14.2 
Kensington ..... 4,807,221 1.36 2.27 272 2.50 26,827 15.2 
Ondo re ae von 13,042,932 65 .O5 Kies 260,277 msi 
Metropolitan 14,079,160 1.05 1.84 4.38 Raed 607,762 18.5 
Notting -Hill> jo. 1,711,955 .95 2.05 4.74, 2.50 143,102 12.5 
South London 10,144,995 88 1.04 ey 120,412 Ae 
South Metropolitan 2,144,316 .86 1.49 BTA. at 125,074 18.3 
Starepames casa oa 7,815,545 Tie 1.84 3.44 2.37 286,674 27.9 
Westminster 14,899,170 ip 1.75 3.87 2.02 764,930 20.1 
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HOW 10; BURN. GAS. 


It has become quite the vogue here 
for gas managers to give lectures upon 
gas and.its uses. Quite recently the 
manager of a North County gas works 
lectured before a large audience; he 
traced the evolution of the “‘fish-tail” 
from the “rat-tail’” burner, and de- 
scribed both argand and regenerative 
burners, leading up to the burner of 
to-day, such as those of the Welsbach 
Incandescent Company; he compared 
the light given by such burners with 
good flat-flame burners, which a few 
years back were universally used in 
this country, and consumed, say five 
cubic feet of gas per hour; such burn- 
ers yielded about 3 candles per cubic 
foot, whilst a Welsbach C burner gave 
aby. becandie per.cubic foot,.a Kern 
burner 25 candles, and a Welsbach 
self-intensifying burner would give 30 
candles per foot. 

The: average consumer seems to 
have no idea of the loss in effective 
illumination through the use of un- 
suitable globes; it is of course well to 
utilize globes to soften light, but not 
to obscure and reduce illumination. It 
is strange that, with all the very ap- 
parent advantages of the Holophane 
globes and shades, they are but little 
used on this side of the Atlantic. The 
English housewife objects to them be- 
cause they are such a trouble to clean; 
she quite ignores the beautiful and eco- 
nomical Thea es given by the 
facets of glass. In towns with us the 
atmosphere is dull and too often 
smoky, so that the Holophanes would 
require considerable and constant at- 
tention. In these days, so-called artis- 
tic effect takes the place of practical 
utility, and Mrs. Newly-Wed prefers 
to have a shade for her incandescent 
lamps which accords in her judgment 
with the hangings codecorations, be 
they green, yellow, or red, very usual 
art colors, but not at all such as should 
be used to protect the eye from the too 
strong illumination of the incandescent 
gas mantle. 


COSTS OF DOMESTIC LIGHTING 
No doubt in America, as in the sis- 


ter country, comparisons are still made 
between electric and gas lighting; 
some of the imbecility and bitterness 
have passed off, but each side still 
“backs their own horse.” Here is 
what a gas man has to say about cost: 


Cubic Cost, 

Style Burner. Feet. Cents. 

Blateaimic antes eh 332 (0.16) 

CSA eens. ke 312 (0.13 to 0.15) 

Welsbach=G. 128... 58 (0.03 ) 

Welsbach-Kern ... 40 (0.03 ) 
Self-intensifying .. 23(slessathani.(0.02) = 


The figures show the cost to produce 
a light equal to 1,000 candles for one 
hour by the use of various burners 
enumerated, gas being sold at 40 cents 
per 1,000 cubic feet. 

Putting the figures somewhat differ- 
ent we show the candle-power and du- 
ration of illumination of one penny (2 
cents), worth of gas: 


Flat-flame........ 15 candles for 8% hours 
Jaupeqchee nae ee Seen 16 4 (seen 
Woelsbach, G7. 2. 1-00 i aw, 
Welsbach-Kern. . 100 os “ 10% 


66 (79 8% 


Self-intensifying. 150 


It will, no doubt, be somewhat of a 
surprise to readers of THE ILLUMI- 
NATING ENGINEER to hear of gas be- 
ing manufactured and sold at 40 cents 
per 1,000 cubic feet; not only is this 
done, but the company in question has 
paid maximum dividends for many 
years and set aside the reserve fund 
permitted by the Parliamentary sta- 
tutes under which it operates. It is 
only fair to mention that the works 
are contiguous to Great Britain’s gas 
coal fields, an consequently good coal 
is cheap. 

LEAD WOOL. 


Engineers who occasionally have to 
buy cast iron pipe will hail with much 
satisfaction the new jointing material 
known as Lead Wool. It has, of 
course, from time immemorial, been 
the custom to run all points of cast 
iron pipes, after yarn caulking, in mol- 
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ten lead, with all its attendant disad- 
vantages, nous avons changer tout 
Cela for with Lead Wool no heat is 
needed. The pipes are joined as usual 
and the lead, in fine strands cut by 
patent machinery, is simply twisted 
round the pipe, sufficient strands, or 
threads, being used to fill the annular 
space in the socket of the pipe left 


after yarning; the joint is set up with 


the ordinary tools. The setting makes 
a homogeneous joint and the threads 
of lead become solid; only about half 
the quantity of lead is required; there 
is great saving in labor and no waste. 
Lead wool is now being manufactured 
in England and we believe that it has 
already been introduced into America. 


INSTITUTION OF ELECTRICAL ENGI- 
NEERS. 


At a recent meeting of the Insti- 
tution of Electrical Engineers on 
“Long Flame Arcs,” in the course of 
the discussion a speaker said: “The 
wattage consumption of existing flame 
lamps—8o0o watts—was far too high 
for general use in the streets of smaller 
towns. There were indeed very few 
towns where the streets were of suffi- 
cient width or importance to warrant 
the “erection of. such larse units ‘of 
light. He expressed the opinion that 
what was really required was a re- 
liable flame arc with a consumption of 
about 250 to 300 watts. Another 
speaker quoted figures showing the 
costs per 1,000 candle-power hour with 
current at 2d. (4 cents) per hour: 


Cost per I,000 


Lamp. Watts. c.-p. hours. 
Oritlamme (seen ee 350 8 cents 
INGE She at. sects 350 iit Ea 
Excello eae ere 470 1S i 
SILO ate oe 420 Ed ae 
Carbone. “a0. sea 81000 Ps ty Sx 


The last mentioned lamp is on its 
trial and opinions seem to differ very 
much as to its usefulness and adapta- 
bility for street illumination. ‘The de- 
fects of flame arc may be summed up 
thus: 


The flickering noticeable in all chem- 
ical carbon lamps; the poisonous 
fumes given off—the ash or residuum 
from the chemical arc being much 
greater than froma high voltage flame 
arc lamp. The ash from a Io ampere 
Carbone, using chemical carbon, 1s 
many times greater than with pure 
carbon, and as the globes cannot be en- 
tirely closed in the life of the carbons 
is very short. The light is useless in 
positions where selection or apprecia- 
tion of colors is necessary. These Car- 
bone flame arc lamps seem to have a 
pied de terre only for the illumination 
of large spaces, railway stations, and 
outside lamps for theaters; but for in- 
side illumination they are most un- 
suitable. 

CuHas.. W. HASTINGS, 
[Editor Gas Engineers’ Magazine.] 





FROM OUR READERS 


Editor ILLUMINATING ENGINEER. 
SIR :— 

There seems to have been a good 
deal of misunderstanding with regard 
to the article by Mr. Cravath and my- 
self on the street lighting ot Los 
Angeles. The writers did not advo- 
cate this system on the score of effi- 
ciency as they pointed out it was very 
inefficient, being equivalent to one arc 
light every twenty-five feet. From 
every standpoint, however, except 
that of efficiency it is to be recom- 
mended inasmuch as the light is soft 
and easy in the eyes; the illumination 
on the street is very good and the 
artistic effects can hardly be improved. 
The photographs do not bring these 
points out well, but for anyone who 
has ever compared this with anv other 
system of lighting, the difference is 
very marked indeed. The system, of 
course, is available only where the 
streets are used for business purposes 
and would not be suitable for resi- 
dential. ~ districts. “as the ~eiicienes: 
would be altogether too low. The 
efficiency of the system, as at present 
installed, could doubtless be increased 
SO. per cent. by sa avery tews sion 
changes. V. R. LANSINGH. 
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As bearing upon the matter treated 
of in Mr. Lansingh’s letter the follow- 
ing items from a Los Angeles paper 
will be of interest: 


Because the city lighting expense is en- 
tirely out of proportion with that of street 
sweeping, sprinkling and other municipal 
necessities, the Board of Public Works de- 
cided to recommend to the City Council that 
property owners along Broadway, Spring, 
Hill and Main streets and all other streets 
where the ornamental lighting post is to 
be installed contribute to the cost of light- 
ing. 

lteMceetie “opinion.,.of the board «that 
property owners should pay two-thirds of 
the cost and the city one-third. The orna- 
mental posts were advocated because of 
the improvement which it made to the 
property. Inasmuch as the property owner 
reaps the benefit the board thinks he is 
the one rather than the taxpayer in general 
who should shoulder the larger part of the 
expense. 

Assistant City Attorney Hewitt has 
rendered an opinion that it is within the 
power of the board to make specifications 
for lighting of these streets. Monday the 
board will advertise for bids. The spect- 
fications will include a reduced candle- 
power, fewer lights and shorter hours of 
lighting as well as one for the same sys- 
tem of lighting that has been in vogue on 
Broadway during the past year. 


In spite of the seeming lack of suc- 
cess of the Los Angeles experiment 
other cities:seem to be inclined to take 
up the matter of artistic street light- 
ing. In our Miscelloneous News Sec- 
tion will be found an account of a 
movement begun by the city authori- 
ties in Oakland, Cal., having in view 
the same general scheme that has been 
tried in Los Angeles; and in our last 
issue there was an item in the same de- 
partment describing a similar move- 
ment in the town of Niagara Falls. 
That more efficient fixtures should be 
designed does not admit of discussion, 
and those contemplating such improve- 
ments should make this a_ special 
study. 3 


To the Editor of the ILLUMINATING 

ENGINEER. 

SIR :— 

On page 259 of the June issue of 
the ILLUMINATING ENGINEER you 
showed two photographs giving dif- 
ferent methods of lighting a desk, 
With Criticisms onthe same. Permit 
us to call your attention to the follow- 
ing facts: 

In the first place, the photographs 
were both taken with the camera 
placed at a considerable distance from 
the desk. ‘This does not represent 
the actual conditions of working in- 
asintuch sas a. person sitS directly -at 
desk and not several feet away. For 
this reason the light shown in Figure 
t would not be visible in the camera 
but if a person were seated at the 
desk the light would strike his eye 
although he would not be looking at 
it. This is actually proved by expert- 
ment. 

In Figure 2 the camera was placed 
horizontally and considerably back 
from the desk. The person would, of 
course, be directly at the desk and 
looking down, consequently, the hala- 
tion of the plate, which shows clearly 
in Figure 2, does not actually repre- 
sent the effect on the eyes of a person 
seated at the desk. If a man were 
seated at the desk in Figure 2 his eye- 
brows would shade the light from his 
eyes so that in this case working 
would be very easy. 

It is probably impossible to get, 
with a camera, the conditions which 
actually exist when a man is working 
at the desk and for this reason such 
photographs are deceptive. We still 
do not see any reason to change our 
ideas as to the relative advantage of 
the two methods for desk lighting. 

Efeeatver (CORA VAT ED, 
VeLR, EANSINGH. 
July <2ard,* 1006. 
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Facts and Fancies 


SOME. INTERESTING FIGURES 


There is no more exaggerated case 
of false economy than that of requir- 
ing people to work by poor illumina- 
tion. In comparison with the cost of 
wages, the cost of light is trifling. 
Thus, suppose a workman is getting 
two dollars for ten hours’ work; this 
is a rate of 20c. an hour, or one-third 
‘ot a cent a'minute, With electric cur- 
rent at roc. a unit (WH), which is an 
average price when purchased of light- 
ing companies in small amounts, the 
ordinary 16-candle-power lamp costs 


practically .6 of a cent an hour, or 6c. . 


for ten hours. As the workman’s time 
is one-third of a cent an hour the cost 
of the lamp for all day is equal to 18 
minutes of the workman’s time. This 
may be considered an extreme case, 
that is, a minimum rate of wages and 
a maximum cost of light. Take the 
case of a skilled workman receiving, 
say, five dollars for eight hours’ work, 
which is a little over one cent per hour ; 
and suppose the electric current is gen- 
erated in the factory, in which case 
two cents per unit would cover the 
cost. The cost of a 16-candle-power 
lamp for eight hours would then be 
practically one cent; thus the cost of a 
lamp for an eight-hour day would be 
equivalent to the workman’s wages for 
one minute; and yet there are thou- 
sands of skilled laborers handicapped 
by being compelled to work with in- 
sufficient and ill-directed illumination. 

Another interesting computation, 
and one which is commonly overlooked 
by the users of electric lamps, is the 
small part which the cost of the lamp 
plays in the total cost of illumination. 


Thus, taking the highest retail price 


of a 16-candle-power lamp, which is 
twenty cents, and the average cost of 
current as ten cents, the average life 
of the lamp may be taken as 600 hours, 
and its current consumption as 56 
watts: > At this rate “the lamps con- 
sumes practically 3/1oc. worth of cur- 
rent per hour, and during its life will 
therefore consume three dollars 


worth of current; the cost of the lamp 
is, therefore, only 6 2/3% of the total 
bill, or in other words, the current con- 
sumed costs fifteen times as much as 
the lamp. Taking the figures which 
would hold in large installations where 
the cost of the lamp may be placed at 
15c.. and the’ cost of sthey current eat 
5c.; the cost of operating would then 
be practically 4c. per hour, and for 
600 hours, $1.50. In this case the cost 
of the lamp is 10% of the: bill; [he 
false economy of buying lamps that 
have a short life, or consume more 
current than they should, or of burn- 
ing lamps until they have become 
blackened by use, is thus apparent. - 





PERVERTED TECHNICALITIES 


The Electrical Review (London). 


What queer things the lay press some- 
times says about electrical matters. A 
Yorkshire daily recently spoke of writ- 
ing off a certain sum for “degenerators and 
transformers.” A Dundee paper said that 
distribution charges would be “higher with 
6,000 volts than with the present system.” 
But a “Special for the Daily Mail (Hull) 
excels in turgid gush anything that we have 
seen for a long time. It deals with the 
Hull Tramways power station. 

“We must see how the mighty boilers 
are fed which work the stupendous en- 
gines” (300 kw.!). They are fed with coal 
by way of “troughs, at the bottom of which 
revolves a long screw, working on the same 
principle as the screw in a mincing ma- 
chine”—how apt a similie! 

The dynamo is “to put it simply, in this 
case, a huge horseshoe magnet by means of 
which the electricity is generated’’—apt 
again, you see; hence the horse-power! 
Next the armature: “The wonderful thing 
is that the revolutions of the copper-cov- 
ered spindle of iron disks possess the power 
to intensify the electricity. By passing 
through coils round the magnet the elec- 
tricity generated becomes more intensified 
still. By this time the electricity in the 
‘field’ has reached 450 h.-p.; the ‘field’ is 
saturated, and can hold no more. Thus it 
comes about that the current finds itself 
passing along cables to a great switchboard, 
where it is distributed by a simple but in- 
genious contrivance to other cables, which 
convey it to certain sections of the tram 
system, from which it is poured into the 
rails themselves.” 
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ELECTRIC LIGHTING IN THE 
FAR NORTH 


The light of the midnight sun is not 
usually thought of in connection with 
electric lighting, and yet the remotest 
parts .of the earth are not strangers 
to some of the most modern devices 
of the present time, and there 1s al- 
Ways a particular fascination in the 
presence or use in any unusual or out- 
of-the-way place of devices of luxuries 
which are quite common near the cen- 
ters Sor civilization, <The, following 
from the Journal of Electricity, Power 
and Gas, is a case in point: 

Returning to Winnipeg, Man., from the 
Mackenzie River district in the Northwest 
Territories, where he has charge of the af- 
fairs of the Hudson Bay Company, Thomas 
Anderson gave some details of life near 
the Arctic circle. The inhabitants are chief- 
ly Indians, but they are prosperous. Mr. 
Anderson has headquarters at Fort Simp- 
son on the Mackenzie River. Speaking of 
Fort Simpson, Mr. Anderson is quoted in 
the Winnipeg Free Press of recent date as 
follows: 

“A noteworthy feature is the fact that we 
have an electric light plant. The plant is 
operated by the engineer who has charge 
_of the boats in the summer. The light is 
used for illumination in the stores, offices 
and dwellings and is in use all winter. 
When summer comes the boats are in use, 
and the long days render artificial light 
unnecessary. During the summer at Fort 
Simpson there is no real darkness, but 
about four hours of twilight. When we 
push down the river to the Arctic we reach 
the land of the midnight sun, where for 
weeks there is continuous day. We reach 
this region after a trip of about 700 miles.” 





LIGHT-HOUSES 


It is probable that the use of light- 
houses is as old as the art of naviga- 
tion, and as navigation became more 
and more a factor in the commercial 
importance of a country, the advan- 
tages of using the highest obtainable 
intensity of light for this purpose be- 
came of corresponding importance. It 
will no doubt surprise many of our 
readers, however, to learn that an or- 
dinary sea coal fire was the light 
Bourceria ise in atyléast one: of the 
English light-houses, as late as 1822. 
The coal fire was supplanted by oil 
lamps, and glass reflectors were used 


as far back as 1780. It is equally sur- 
prising to know that an electric lamp 
“giving a more brilliant light than had 
ever before been known, and sup- 
plied by a magneto electric machine 
designed by Prof. Holmes, was suc- 
cessfully tried in one of the English 
light-houses in December, 1856, and 
another lamp of a similar nature, de- 
signed by H. Wilder, was used in 
1866. Gas was not successfully used 
until July, 1869. An electric installa- 
tion designed by Siemens was used at 
the Lizards in March, 1876, the year 
which may be considered the starting 
point of the development of the elec- 
tric lamp. The period between the fi- 
nal disappearance of the coal fire, and 
the first appearance of an electric lamp 
supplied by a mechanically generated 
electric current, is therefore only 34 
years. 


etal 


A NEW COMPARATIVE ILLUMIN- 
OMETER 


The most needed instrument in the 
field of illuminating engineering to- 
day is a cheap, portable, and reason- 
ably accurate illuminometer, and all 
attempt toward filling this need should 
be encouraged as much as possible. 
A distinction may be drawn between a 
measuring illuminometer, that is, one 
capable of giving results in foot-can- 
dles, and a comparative illuminome- 
ter, or one which will give relative val- 
ues only. Of course, the former is the 
more desirable instrument, but far 
more difficult of successful construc- 
tion, while the latter would be of great 
practical use in many cases. A very 
simple device of this latter description 
is that of Mr. M. S. Hopkins, of Col- 
umbus, ©. It consists simply of a 
brass tube about 18 inches long fitted 
to receive an electric lamp bulb at one 
end and provided with a screen at the 
other. This screen consists of a metal- 
lic cap having a star-shaped opening in 
it, on the outside of which is placed a 
piece of tracing paper. In the center 
of the tube there is fitted an iris dia- 
phragm, such as is commonly used in 
photographic lenses. In using the in- 
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strument, the electric lamp is con- 
nected to the regular circuit, and’ the 
iris diaphragm turned by means of a 
ring surrounding the tube until the 
screen shows as nearly as possible 
equal illumination. An arbitrary scale 
is arranged on the tube showing the 
points at which the diaphragm 1s set. 
The instrument is available for com- 
paring the illumination at any given 
point with different installations of 
lamps, accessories, etc. One advan- 
tage of the instrument is its simplicity, 
which is such that the ordinary lay- 
man .would understand its working 
and thus be satisfied that he was not 
being deceived with elaborate instru- 
ments which he cannot manipulate. 
Suppose, for example, that a con- 
sumer has a proposition for improving 
his illumination. With such an instru- 
ment he can measure his: present illu- 
mination at anv given number of 
points, and likewise the illumination by 
any other system, and at least know 
whether he is getting more or less. 
He could even keep the “standard” 
lamp in his possession until the meas- 
urements had been finished, if he 
wished to be absolutely sure that no 
tampering of results was possible. 
A KEROSENE-OIL LAMP 
From The Scientific American. . 

Experiments with a new lighting system 
have been carried out in Scotland, in which 
kerosene oil is used. The oil is stored in 
a tank, which is accommodated in the base 
of the standard carrying the lamp. In the 
top of this reservoir is a cylinder filled with 
compressed carbonic-acid gas, with a small 
oil container at the bottom holding from 
one-half to two gallons of oil, which auto- 
matically flows thereto from the larger re- 
ceptacle. A reducing valve connects the 
oil container with the carbonic-acid gas 
cylinder, and a fine tube leads to the burn- 
er, which has a vaporizer consisting of a 
jet and an air-mixing chamber, while the 
burner is fitted with an incandescent gas 
mantle. The oil is forced from the oil 
container to the vaporizer through the fine 
tube by the pressure of the carbonic-acid 
gas. On reaching the vaporizer the oil is 
converted into gas and passes through the 
flame spreader, where it combines with the 
air, and thence to the incandescent mantle. 
The lamp is economical in consumption, a 
light of 200 candle-power being obtained 
ior 45 hours with a consumption of one 


gallon of oil, and the light is clear, bright, 
and of great penetrative power. 


o 
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A CLEVER AND ORNAMENTAL 


SWITCH 


Turning an electric light on or off 
at the chandelier is very often annoy- 
ing, especially for ladies, who find that 
the key at the lamp socket is just be- 
yond’ their *reach: = Whew key watmune 
socket is often in the way of ornamen- 
tal holders and also frequently turned 
in the wrong position to be easy of ac- 
cess. A clever way around these diffi- 
culties has been found in the construc- 
tion of a switch to be made a part of 
the arm of the chandelier, and placed 
in the position where the gas cock is 
usually placed. This is shown in the 
illustration. This places it in a much 
more accessible position and leaves the 
socket free for decoration. 


We ascribe beauty to that which has 
no superfluous parts, which exactly 
answers its end.--EMERSON. 
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The Illuminating Engineering Society 


RESIDENCE LIGHTING 
By Jas. R. Cravatu. 


Paper read before the Chicago Section, 
May 7. 


It is not possible in the limits of one 
evening’s paper to take up the subject 
of residence lighting either thoroughly 
or systematically. The subject has 
been taken up at some length by Mr. 
V. R.Lansingh and myself in the col- 
umns of the Electrical World recently, 
and I have also taken it up in papers 
and lectures before several Chicago 
technical organizations during the 
past vear. 

As the object of this paper is to lead 
to a discussion on some of the common 
questions which come up in residence 
lighting, I have thought best to have 
lantern slides made of a number of in- 
teriors and to discuss the lighting ar- 
rangements shown in these slides. 

Fig. 1* shows a room in a costly resi- 
dence lighted by a central chandelier 
and side wall brackets. The room is 
evidently intended for general living 
room use. ‘The lamps are electric in- 
candescents placed upright. The plac- 
ing of electric lights upright is a de- 
cidedly wasteful proceeding. It is not 
to be recommended where economy is 
any object, since it results in more 
than half the light being thrown up- 
ward. I am not inclined to criticize 
its use in a costly room of this charac- 
ter, however. since here expense is 
purely secondary to artistic effect. The 
result of the arrangement in this case 
is to place the writing table, which is 
underneath the chandelier, in the 
shadow of the heavy parts of the chan- 
delier, but the total light in the room 
is sufficient to make this negligible. 
The chandelier was evidently designed 


* Notr.—The illustrations referred to have been 
omitted, as the explanations are so full as to give 
a clear idea of the points brought out.—Eb. 


to use enclosing globes over the lamps, 
but these have been omitted and 
frosted-bulb lamps have been used in- 
stead. In my opinion 6-inch ground- 
glass balls should have been used over 
these lamps to be in keeping with the 
heavy chandelier. That, however, is 
largely a matter of personal taste. 

From an engineering standpoint the 
ground-glass globes would give some- 
what bettter diffusion on account of 
their large diffusing surfaces as com- 
pared with the frosted-bulb lamps. 
Clear bulb lamps inside of such globes 
would also last probably 40 to 45 per 
cent. longer before burning out than 
the frosted-bulb lamps, which is a con- 
sideration both from an economical 
and artistic standpoint, because on a 
chandelier of such size anything in- 
creasing the frequency of lamps burn- 
ing out is likely to interfere with the 
general artistic effect. On the other 
hand, the ground-glass enclosing 
globes probably absorb a little more 
light than the frosted-bulbs of the 
fais wi hedslossw ot ‘holt owith <a 
frosted enclosing globe would neces- 
sarily be greater than with a frosted- 
bulb lamp if the density of the frost- 
ing were the same in both cases, be- 
cause with the enclosing globe the light 
must pass through an extra thickness 
of glass. With the sand blasted en- 
closing globes commonly used, how- 
ever, it is not necessary to have the 
sand blasting as dense or deep as the 
frosting on the lamp bulb because the 
globe is so much larger than the lamp 
bulb. Hence, I do not believe in prac- 
tice; there is usually a very great dif- 
ference in the amount of light ab- 
sorbed by these two methods of dif- 
fusion. 

From a hygienic and artistic stand- 
point the lighting of this room should 
be excellent. Rooms where expense 
cuts so little figure, however. are the 
exception rather than the rule. 
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Fig. 2 shows a very common mis- 
take, namely, that of putting electric 
light or gas fixtures on both sides of a 
fireplace. When there is a fire in the 
fireplace, the people in the room will 
almost invariably sit facing it. The 
lights on either side of the fireplace 
shining directly in their eyes are not 
only bad from a hygienic standpoint, 
but help to spoil the cozy and cheer- 
ful effect of the fire. To make the fire- 
place effective in adding to the cheer- 
ful appearance of the room, its sur- 
roundings should not be flooded with 
other artificial light. It is further- 
more decidedly uncomfortable to sit 
for some time facing a gas or electric 
light of this kind which shines directly 
in the eye. It is just this kind of illu- 
mination that ruins eyesight. A Chi- 
cago oculist is responsible for the 
statement that the great array of ex- 
posed lights on the arches of the Audi- 
torium Theater in this city has pro- 
duced such a bad effect on the eyes of 
those frequently in attendance there, 
that it has brought him in thousands 
of dollars’ worth of business. We 
should avoid such eye ruining arrange- 
ments in our homes. 

Fig. 3 shows a highly decorated 
room in which the principal lighting 
is done by incandescent electric lamps 
in large ground-glass stalactites. The 
arrangement is excellent as far as the 
diffusion of the light is concerned, as 
the glare from the bare lamp filament 
is much reduced by the large ground- 
glass stalactites surrounding the lamps. 


In a case of this kind the use of a very | 


small reflector hanging directly on the 
lamp bulb will frequently make a de- 
cided increase in the illumination in 
the lower part of the room without 
noticeably robbing the upper parts of 
the room and without being apparent 
through the large outer globe. This 
is presuming, of course, that the neck 
of the globe is large enough to admit 
such a reflector. 

Fig. 4 shows a corner of a library 
in a residence which offers consider- 
able food for reflection. It is worthy 
of note that a mistake sometimes made 
in libraries of this sort has not been 


made here.. The mistake I refer to is 
that of placing bracket fixtures above 
the shelves. The result of such 
bracket fixtures would be to throw the 
shelves and books in comparative dark- 
ness. We also note here that the bad 
arrangement of bracket’ fixtures on 
each side. of the fireplace has been 
avoided. The general lighting of the 
room is by means of gas and electric 
lamps on a central chandelier. ‘The 
sources of light are apparently en- 
closed in etched glass shades. Elec- 
tric lamps intended for the general 
lighting of a room and placed on a 
fixture of this kind should be pro- 
vided with better means of diffusing 
and softening the light than an ordi- 
nary etched bell shade open at the end 
which allows the full glare from the 
lamps to shine in the eyes of persons 
seated around the room. If such 
shades are used frosted-bulb lamps 
should be employed. [I am inclined, 
however, to criticize the whole ar- 
rangement shown in this figure, for 
the reason that it does not seem to 
meet the ordinary needs in a room of 
this kind. We see that there is an oil 
reading lamp on the table under the 
chandelier. Evidently it is used for 
ordinary reading, as it is equipped 
with a useful, rather than a decorative 
shade. We must, therefore, draw the 
conclusion that the light from the 
chandelier is not considered satisfac- 
tory for reading by the persons who 
use the room. 

This brings us to the undeniable 
fact that many people do not consider 
electric light as good as a kerosene 
lamp to read by. It is worth while to 
investigate the reasons for this. I be- 
lieve one reason is that many have just 
the arrangement of chandelier shown 
in this figure. By lighting three 16- 
candle-power lamps, one can get a 
fairly satisfactory reading light un- 
derneath the chandelier ; but as this is 
a rather expensive way of doing it, the 
user often begins to cast around for 
something which will cost him less to 
operate and buys one of the many or- 
namental (but not useful) portable 
electric table lamps now on the market. 
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After trying this for a while with a 
16- or 32-cp electric lamp, he finds 
the result so poor both in quantity and 
quality of light, that he goes back to 
kerosene for reading and finds that a 
good oil reading lamp, such as shown 
in this figure, will not only give him 
more light on his reading page, but 
that “it; iS: better diffused ‘and: causes 
less glare from the paper than the 
clear bulb incandescent electric lamp 
on an ornamental portable table lamp. 
As-a matter of ‘fact, a much more 
satisfactory reading light can be ob- 
tained from electricity than from kero- 
sene if only the proper equipment is 
used. 

If I were asked to remodel the light- 
ing of the room shown on this slide, I 
would first of all point the electric 


light sockets on the chandelier straight 


down. I would take off the present 
glassware and in its place put conical 
or dome-shaped glass reflectors, which 
would come well down over the lamps 
so as to shield them from the eyes of 
persons seated around the sides of the 
room. As to the type of glass reflector 
to be used, I would consult the tastes 
of the owner as to whether he pre- 
ferred prismatic, opal or sand-blasted 
glass. The same general treatment 
could be used on the gas jets. The re- 
sults would then be that we would 
have a brightly lighted area under the 
chandelier, affording an _ excellent 
reading light if only one 16-candle- 
power lamp were turned on if the re- 
flectors were prismatic or opal. By 
turning on more lamps, sufficient light 
would be obtained for the general il- 
lumination of the room, and at the 
same time the depth of the reflectors 
would prevent glare in the eyes of per- 
sons seated around the edges of the 
room. With a brightly lighted central 
area and darker corners, the room 
would have a much more cozy and 
home-like appearance than with the 
brightly lighted ceiling and _ poorly 
lighted floor in the present arrange- 
ment, where a large per cent. of the 
light is being wasted on the ceilings 
and high side walls. The problem 
here is the same as that which comes 


up in the lighting of the ordinary liv- 
ing room of nearly every small resi- 
dence. 

For this reason I will take the lib- 
erty of showing again, here, an ar- 
rangement illustrated in a paper of 
mine before the Western Society of 
lmginecrsson October 13,-last. “(Fig 
5). This is one of the best arrange- 
ments I know of: for a room where 
beth general iighting and _ reading 
must be provided for. Both reading 
and general lighting are taken care of 
by a single chandelier. For reading 
purposes the lamp pointed straight 
downward on the middle socket, is 
used. For the general lighting any 
number of lamps necessary can be 
placed on the arms. In this case only 
two are needed. The lamps on the 
arms here are equipped with Holo- 
phane diffusing and directing globes, 
the idea being that these lamps on the 
chandelier arms would be used for the 
general lighting of the room at times 
when a number of persons would be in 
the room and nearly all would be sit- 
ting facing the chandelier. It is there- 
fore highly important to provide a 
means for diffusing the light from 
these lamps so that the light will come 
from the surface of a large globe 
rather than from a small intensely 
bright lamp filament. This is well ac- 
complished both by Holophane and 
sand-blasted glass. The Holophane 
globe used here acts somewhat as 
would a reflector, as it directs more of 
the light below the horizontal than 
would naturally fall there. A some- 
what similar distribution can be se- 
cured, together with good diffusion, 
by the use of a sand-blasted dome or 
by certain types of opal bell reflectors 
with frosted-bulb lamps. The central 
or reading lamp on this chandelier 
when equipped with an opal or pris- 
matic glass reflector, gives a well- 
lighted area under the chandelier with- 
in which several persons can read, and 
the results will be much more satis- 
factory than with a portable table 
lamp of equal candle-power. The rea- 
son for this is that all reflectors used 
on portable table lamps throw the 
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greatest intensity of light on the table, 
and throw only a small percentage 
of the maximum intensity in the direc- 
tion of the reading pages of persons 
seated around the table. Furthermore, 
the distance from the portable table 
lamp to the reading page is usually 
nearly, if not quite as great as from 
a reading lamp on a chandelier to the 
reading page. These statements in re- 
gard to reading lights have surprised 
a great many people because the points 
are so simple that it is strange they 
have not been brought out before. It 
is an example of the profit to be ob- 
tained from studying details in this 
business. Hundreds of such details 
have gone unheeded in connection with 
illumination up to the present time. 

To demonstrate the above points, I 
recently made a test with a 16-candle- 
power lamp placed in a compartment 
three feet above the floor, which latter 
we will consider as the reading page 
or surface to be lighted. In an ad- 
joining compartment was placed a 
portable table lamp also equipped with 
a 16-candle-power lamp. ‘The table 
lamp has a decorated opal dome re- 
flector, such as used on kerosene 
lamps. This is more efficient than 
many used commonly on electric por- 
tables. The portable lamp throws 
most of its light on the table immedi- 
ately around the lamp. The well- 
lighted area in which one can read 1s 
much larger in the case of the lamp 
in the first compartment, which is in 
a position corresponding to a lamp on 
a chandelier.” “The “chandelier lamp 
further performs the double function 
of a reading lamp and a lamp for the 
general illumination of the room, 
whereas the general illumination of 
the room with the portable lamp is 
very small. For those who prefer, 
when reading, that the ceilings and 
side walls be in comparative darkness 
as they are with portable table lamps, 
it is an easy matter to make a silk or 
paper shade to go over the reading 
reflector on the chandelier, or if of 
opal, to decorate it with paint, to pro- 
duce this effect. 

Fig. 6 shows an artistic dining-room 


in which an attempt to light the pic- 
tures by the use of candelabra lamps 
on brackets defeats itself, since it is 
much harder to see a picture with 
bracket lights so near the picture than 
if the lights were not there at all. It is 
similar to trying to light the goods of 
a store window by means of a row of 
bare lamps exposed around the win- 
dow, which we all know defeats its 
own purpose. The pupil of the eye in- 
sists on contracting in self-defence 
when we put bright lights in the line 
of vision. 

The table is lighted by six lamps 
placed in art glass spheres high up 
near the ceiling. This is a good ar- 
rangement in a dining-room of this 
character, where light on the pictures 
on the side walls is needed. In the 
majority of dining-rooms more light 
on the table and less on the side walls 
would be desirable. 

Fig. 7 shows an excellent method of 
dining-room table lighting by means 
of an art glass dome suspended by a 
chain. I show this here to call atten- 
tion to a mistake frequently made in 
equipping these art glass domes for 
table lighting. They should have one 
lamp in them and that pointed straight 
down. This can be of any candle- 
power desired. ‘The reason for using 
one lamp pointed straight down is that 
it can be equipped with a glass reflec- 
tor which will distribute the lght 
evenly over the table with good eff- 
ciency. If the reflector is deep enough 
it will diffuse the light from the lamp. 
Ita deep=reflector is notrusedsecne 
lamp should have a frosted bulb; ora 
ground-glass bottom should be pro- 
vided for the art glass dome. 

Bedrooms are usually the most un- 
satisfactorily lighted rooms in the 
house. The trouble may be with the 
original design of the lighting (it usu- 
ally is), or it may be that furniture 
has been shifted in some unexpected 
way so as to defeat the original pur- 
poses. An example of this is shown in 
Fig. 8. Here the bed has been placed 
between the bracket lights in the posi- 
tion evidently originally intended for 
the chiffonier or dresser, and this in 


THE ILLUMINATING ENGINEER. 375 


spite of the fact that one would rea- 
sonably expect the dresser to be placed 
near the washstand rather than with 
the bed between it and the wash- 
stand. 

The most satisfactory method of 
lighting a mirror of any kind is to 
place a light on each side of it, as 
shown in Fig. 9. The dressing table 
shown in this slide is excellently ar- 
ranged, the only criticism being that 
frosted-bulb lamps should be used in 
these open bell shades to avoid the 
glare from the lamp filament. In 
lighting a mirror for shaving purposes 
the lamps on the brackets should or- 
dinarily be about 4% feet above the 
floor. This is the lamp height—not 
the outlet height. Lights so low, how- 
ever, do not light the top of the head. 
To provide for this the ideally-lighted 
bedroom dresser should have a light 
either on a bracket or on a pendant 
above the mirror. Where the expense 
of three outlets for one dresser may be 
objected to by the owner, this light 
over the mirror can be dispensed with 
if there is a light in the center of the 
room well up toward the ceiling. If 
the only lights in the room are the 
bracket lights each side of the dresser, 
they should be placed about 5 feet 6 
inches to 5 feet 9 inches above the 
floor, which is a compromise between 
a light at the best height for shaving 
and a light for hair dressing. There 
is a number of schemes which can be 
used to provide portable bracket and 
dresser lights, to be plunged into one 
central outlet where only one outlet 
in a bedroom is provided, but to dis- 
cuss these here would take up too 
much time. 

Fig. 10 shows an attempt to light a 


porch which reminds one of the Dark 
Ages. On each side of the entrance 
is a lantern with clear glass contain- 
ing an incandescent lamp. The crude 
blinding effect of these lanterns is only 
exceeded by the platform lighting at 
some of our steam railroad way-sta- 
tions, where a kerosene lamp backed 
with a powerful mirror reflector 
throws its rays directly in the eyes and 
blinds everyone walking its way. 

Before closing, I want to say a word 
about the much-neglected kitchen 
light. ‘The owner of a house having 
spent all the money he thinks he should 
for fixtures and glassware in the other 
rooms of the house, is frequently con- 
tent to let the kitchen go with a bare 
gas or electric drop light about 6 feet 
above the floor in the middle of the 
room. In the case of gas a Holophane 
shade or opai dome reflector will im- 
prove conditions somewhat. If the 
lamp is electric, it should be placed 
at the ceiling and equipped with a re- 
flector which will throw the maximum 
light toward the sink and range. For 
most kitchens this reflector will be a 
fluted opal cone or an opal dome or 
the proper shaped prismatic reflector. 
In new kitchens a bracket light near 
the sink should be provided wherever 
possible, and it is also well to have one 
near the range. Such bracket lights 
should have reflectors for throwing the 
light down where it is wanted, and 
also since they are low, the reflector 
shades the light so that the eye is not 
blinded by the glare from the bare 
lamp filament. 

I have only touched on a few points 
which come up in residence lighting, 
but trust that they will open up a 
profitable discussion. 
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PRINCIPLES OF ILLUMINATION 
FROM THE STANDPOINT OF 
THE GAS ENGINEER 


By Van RENSSELAER LANSINGH. 


Presented at the meeting of the Western 
Gas Association, Cleveland, O., May 16. 


Introduction.—Until the last few years, 
and even to-day, in some cases, the question 
of illumination has not been recognized as 
being of any special interest or concern of 
the gas engineer. His business has been to 
supply gas to the consumer, leaving it to the 
latter to obtain whatever benefit he could 
thereby. In other words, the gas. man, like 
the electric man, has sold cubic feet of gas 
or in the case of the electric man, kilowatts 
and not illumination. 

Owing to the stimulating effect of elec- 
tric competition, this attitude of the prac- 
tical gas man has been gradually altered, 
until to-day most gas companies endeavor 
to help the customer obtain the maximum 
light from the gas he uses, generally by 
encouraging the use of some form of man- 
tle burner. 

The next step is naturally to assist the 
customer to obtain, not only the maximum 
light from the gas he uses, but the best 
illumination; that is, assist him in getting 
the illumination he desires, which means 
the ability to see things comfortably and 
economically. While the customer actual- 
ly pays the gas company for cubic feet of 
gas used, it is simply a means to an end, 
that end being the ability to see well, and 
the present spirit of co-operation between 
producer and user, now so manifest in the 
gas world, is bound to produce, in the long 
run, the best results for the gas company in 
dollars and cents. 

Illumination, or the effect obtained by 
light, is not purely an engineering problem 
requiring only technical knowledge, but it 
also embraces thorough practical knowledge 
and experience, as well as a sense of the 
artistic. It does, however, present so many 
problems requiring special study, engineer- 
ing knowledge and technical skill, that the 
illuminating engineer is, to-day, at least in 
the electrical field, of recognized standing. 
The object of this paper, therefore, is to 
point out some of the fundamental princi- 
pals necessary to such a knowledge and the 
application of the same to every-day prob- 
lems of lighting. 

The writer has undertaken to state at the 
outset some of the primary principles of 
light and its measurement, which to those 
well familiar with the subject may be 


passed over. He has found, however, 
among practical gas men, men _ familiar 
with light sources and with the tterm 
candle power as ordinarily used, such a 
lack of knowledge of the general subject 
that he deems it wise to present here, in 
more or less detail, some of the underlying 
principles necessary to the correct under- 
standing of good illumination. 


LAWS OF LIGHT. 


Light is ordinarily measured in terms of 
candle power, the unit being the light given 
on the horizontal from a standard candle 
burning at a given rate. It is customary to 
measure most forms of illuminants by the 
light given on the horizontal, as they gener- 
ally give their maximum light in that direc- 
tion, but in order to correctly judge of the 
efficiency of a source of light (by efficiency 
is ‘meant the ratio. ofthe, total flux of 
light to the energy consumed) we must 
take into account not only the maximum 
light, but also the light given in other di- 


rections; that is, the mean spherical candle 
power. In other words, if the source of 
light in question gives the same_ total 


amount of light, but equally in all direc. 
tions, we would term this the mean spher- 
ical candle power. As long as sources of 
of light were of the same shape and size, 
it was sufficient to compare their mean 
horizontal candle power, but with sources 
differing as they do to-day in both respects, 
we must judge of their relative efficiencies 
by the total amount of light and not by the 
amount given in any one direction. This 
sounds like a truism, but from some of the 
advertising of some of the manufacturers 
in regard to candle power, where the light 
in given directions is added together to 
give the rated candle power, it would ap- 
pear necessary to ,call attention to~ such 
errors. 

Such measurements of light are made on 
a photometer, which is an instrument sim- 
ple in theory but involving many factors in 
actual practice. The length of this paper 
precludes a discussion of photometry, but 
the fundamental principles of the same will 
be briefly described. 

All photometers are based on the law of 
inverse squares which states that light. 
varies inversely with the square of the dis- 
tance. Fig. 1 illustrates this graphically. 


It is evident from an inspection of this that 


a surface, C, twice the distance of B from 
the source of light, will have only one- 
fourth the light falling on each point and 
that D will only have one-ninth, since the 
area illuminated in both cases by the same 
rays are, respectively, four and nine times 
that of B. 
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Fig.l 





\ FIG. 2 
| Showing Principle of Photometer. 


Fig. 2 shows a Bunsen photometer dia- 
grammatically. Briefly, it consists of a 
standard source of light A, the source of 
light to be measured B, and a screen S, 
which is composed of three layers of paper, 
the center one being thin, like tissue paper, 
while the two outer ones are heavier, hav- 
ing a central opening, either round or star 
shaped. When seen by reflected light the 
center will appear darker than the outside, 
since part of the light is transmitted and 
therefore less reflected. If viewed by trans-- 
mitted light, 1. e., light from the opposite 
side, the center will appear lighter than the 
outside, which does not allow the light to 
pass through. In operation the screen is 
moved back and forth until the center spot 
is equally bright with the outside portion. 
By means of two mirrors placed at an 
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angle, both sides of the screen 
can be seen at the same time, 
and when they are equally 
bright the two lights are in- 
versely proportional to the 
square of the distances from 
the screen. Thus, if the dis- 
tances fron’ A~to-S. is: I foot 
and from B to S 4 feet, light 
B will be sixteen times the 
strength of light A. 

This would measure only 
the horizontal candle-power. 
To get the candle-power at 
other angles, the light B could 
be tipped, but in the case of 
gas measurements this is un- 
desirable, as generally lights 
are made to burn in a vertical 
position, so that in actual prac- 
tice a series of mirrors are 
used, which reflect the light at 
different angles into the pho- 
tometer without necessitating 
the movement of the source of 
light. Fig. 3 shows a cut of 
the photometer used for test- 
ing gas lights by the Electrical 
Testing Laboratories. 

This device consists primarily of three 
mirrors, each 22 by 31 inches, by means of 
which the light from the source to be meas- 
ured may be thrown upon the photometer. 
It is always incident upon the photometer 
at normal, irrespective of the angle at 
which it emanates from the source. The 
mirrors are supported by a strong frame- 
work of iron, which can be rotated upon uw 
horizontal axis, the prolongation of which 
passes through the source of light and the 
photometer. The mirrors are placed in po- 
sition so as to receive the light at the de- 
sired angle in the vertical plane, and are 
clamped in such position. They are rotated 
easily being balanced by the weight E. In 
the illustration a ceiling fan electric motor 
is shown for the purpose of rotating an 
electric lamp. It can be replaced by a gas 
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FIG. 3.—MIRROR REFLECTOR PHOTOMETER—SCALE ABOUT I TO 64. 
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fixture. With this device, sources of light 
not exceeding 18 inches in diameter can be 
measured successfully. 

It should be borne in mind that a photo- 
meter measures not only the intensity of 
light but also the quantity (by intensity is 
meant the candle power per square inch of 
illuminating surface), and that in compar. 
ing different sources of light it is neces- 
sary to take both these factors into account. 


For example, the intensity of the filament. 


of a 16 candle power, 3.1 watt incandescent 
electric lamp is approximately 500 candle 
power per square inch, which is 16 times as 
great as that of a mantle burner giving 30 
candle power per square inch, although on 
account of the area of the mantle the quan. 
tity of light given by the latter is much 
greater. Both of these factors must be 
borne in mind when considering the effect 
on the eye of any source of light. 


ILLUMINATION. 


The difference between ‘light and illu- 
mination should be carefully noted. Light 
is a cause; illumination an effect. An ob- 
ject on which light falls becomes illumin- 
ated. Illumination, therefore, is the result 
produced by light. An object is well illu- 
minated when it can be easily seen without 
fatigue or strain on the eyes. Good illu- 
mination, therefore, requires several things, 
among which may be mentioned: 

I. Sufficient light to enable one to see 
clearly and distinctly. 

2. Avoidance of too much light, which 
produces a blinding and fatiguing effect 
on the eye. 

3. Avoidance of having a bright light in 
the field of vision, which cuts down the 
ability to see clearly things which are less 
brilliantly illuminated. 

4. Avoidance of streaks or striations, 
which, however, are more noticeable with 
electric than with gas lights. 

5. A steady light, 1..e., avoidance of a 
flickering light, like an open flame burner 
with insufficient draft, which quickly tires 
even the strongest of eyes. 

6. Avoidance of regular reflection, which 
is commonly known as glare, due to the 
light striking an object at such an angle 
that a large part of the light is reflected di- 
rectly into the eyes. 

7. Avoidance of two sharp contrasts, such 
as, for example, a brilliantly lighted desk 
with the rest of the room in darkness. 

From the foregoing it will be seen that, 
in considering any form of illumination, it 
is absolutely necessary to take into con- 
sideration the effect on the eye. Nature has 
given us in the eye a wonderful and deli- 
cate camera, which with proper care can be 
used indefinitely, but which, with the intro- 
duction of lights of high intrinsic brilliancy, 
we have shamefuily misused. Witness to- 
day the percentage of people wearing glasses 
in this country compared with twenty-five 
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years ago, and especially note the report of 
our oculists on the rapid increase of glasses 
among children, and it will be self-evident 
that, unless proper care is taken of the 
eyes, we shall soon be compelled to resort 
to the oculists to overcome the defects due 
almost wholly to bad lighting. One oculist 
in Chicago states that the lighting of the 
magnificent Auditorium, with its rows of 
bare incandescent lamps, has brought him in 
thousands of dollars’ worth of business. 
With these facts in mind, do we not owe 
not only to ourselves, but to the public in 
general, to do what we can to overcome 
such conditions ? 

We thus see that in dealing with modern 
sources of light it is necessary to take into 
account the effect of the same on the eye, 
and in every case reduce the intrinsic 
brilliancy as far as possible. With electric 
incandescent lamps it is possible sometimes 
to conceal them entirely from view, thus 
getting indirect illumination, which is gen- 
erally satisfactory except from the stand- 
point of economy. With gas such treat- 
ment is usually out of the question, al- 
though not always so, and we should there- 
fore place our lights high enough to be out 
of the field of vision wherever possible, and 
to use diffusing globes, which not only cut 
down the intrinsic brilliancy, and there. 
fore make it possible to see with much 
more comfort, but actually enable us to see 
more clearly, owing to the eye being en- 
abled to work with a wider aperture. It 
is therefore necessary to study the effects, 
not of the lights alone, but with the glass- 
ware which it is desired to use. The ab- 
sorption or loss of light due to the sur- 
rounding globes, as well as their distribu- 
tion, must be considered. Such figures will 
be given later in the paper. 


PHOTOMETRIC CURVES.* 


Upright Mantle Burners—We_ have 
already seen that sources of light do 
not give the same candle-power in alr 


directions. Thus, in the case of a bare 
mantle burner, the photometric curve ot 
which is shown in Fig. IV., we have 83 
candle-power on the horizontal, but direct- 
ly underneath practically none, owing to the 
shadow cast by the burner. If we measure 
the candle power of the light as seen from 
different angles and represent the intensity 
at these different angles by the distance 
from a fixed point, we have what is known 
as a photometric curve. By such a curve 
we can at once obtain the intensity or 
candle power at any given angle, by simply 


* All of the tests here given, with two excep- 
tions, were made by the Electrical Testing Lab- 
oratories, so as to have comparable results from 
an unbiased source. The different curves are not 
comparable as to absolute values, unless so speci- 
fically stated, but only as to their relative distri- 
bution, inasmuch as the tests were made on differ- 
ent burners with different lengths and styles of 
chimneys and therefore under different conditions. 
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measuring the distance from the center to 
where the curve is cut by the line. Thus in 
Fig. IV. we have 30 candle-power at 60° 
and 77 candle-power at 15° below the hori- 
zontal. It should also be noticed that 55% 
of the light goes above the horizontal and 
only 45% below, which means, as lights 
are practically always placed above the 
level of the eyes, that, unless some means 
be taken to throw this downward, one-half 
of the light is wasted, except for the indi- 
rect reflection of ceiling and high side 
walls. lig. V. shows the curve of the same 
‘burner equipped with a small fluted porce- 
lain shade. 

While such a shade does not hide the 
‘bare mantle and therefore does not aid in 
ithe diffusion, it does give an increase of 
light at all angles below the horizontal, and 
as such is to be preferred to the bare man- 
‘tle. 

Fix. 6 shows the curve of the common 
‘six air-hole opal Q globe, burning 5.1 cubic 
feet of gas per hour at 1.5 inches pressure. 
Inasmuch as its intensity is less than the 
‘bare mantle, it is to be preferred to the 
small flat fluted porcelain shade, although 
its efficiency is much less. In all compari- 
‘sons we must bear in mind both diffusion 
and distribution, and, inasmuch as it is 
seldom that we get both factors in one 
globe, we must select that which is most 
necessary for the case in hand. 

Fig. 7 shows the curve of the ordinary 
ground glass, tulip shaped globe. This 
‘globe simply diffuses and softens the light 
without materially altering the distribution. 
Its absorption is over 25 per cent. 

Fig. 8 shows the curve of a fancy tulip 
globe, with dark mottling and stripes. Its 
absorption is over 50 per cent. Such globes 
give very artistic results, good diffusion, 
and, where economy is no object anda suf- 
ficient number can be used to get the re- 
quired illumination, they are to be highly 
recommended. 

Fig. 9 shows the curve of what is known 
as a Class A Holophane globe, shown in 
Fig. 9A, designed to throw the light direct- 
ly downward, such as for use over dining 
room and library tables. It gives a remark- 
able amount of light downward, but of 
course at the expense of the light at other 
angles. Its absorption is about 18 per cent. 
The diffusion obtained by such globes is 
about equal to that of opal, without, how- 
ever, the large absorption, inasmuch as the 
globes are made of perfectly clear glass and 
depend upon their accurate design for their 
diffusing and redirecting qualities. Such 
globes, owing to their prismatic faces, are 


apt to collect the dust, and should there-. 


fore be kept clean. The dust, however, af- 
- fects their appearance more than their 
efficiency, the additional absorption of a 
dusty globe being about 13 per cent. They 
should never be used in places where the 
air is greasy, such as over stoves, as the 


grease is apt to settle on the prisms, and is 
extremely difficult to remove. When such 
globes, however, are used intelligently they 
form an important adjunct to the illuminat- 
ing engineer’s work, as they combine both 
qualities of diffusion and redirecting pow- 
ers with small absorption. 

Fig. 10 shows the curve of what is known 
as a Class B Holophane globe, shown in 
Fig. 10A, designed to give a general dis- 
tribution rather than special. Its absorp- 
tion is about 12 per cent. 

Fig. 11 shows the rather remarkable 
curve of what is known as a Class C Holo- 
phane globe, designed to throw the light 
sideways just below the horizontal, in order 
to cover a wide area. The tests show an 
absorption of only 6 per cent., which is 
probably too low. 

It will be noted by a comparison with the 
curve of the bare mantle shown by the 
dotted line, that there is actually an increase 
on the horizontal, where the bare light is 
a maximum, and a considerable increase to 
as far as 30° below. As these angles are 
the critical ones in street lighting, the 
writer ventures the opinion that, if such a 
globe were properly protected from the rain 
and dust by enclosing it in the ordinary 
street post lantern, it would increase the 
lighting of our streets in two ways. First, 
by an actual increase of the light falling om 
the streets, and, second, because of its dif- 
fusing qualities it would enable a pedes- 
trian to see more clearly, owing to the fact 
that the eye, not being blinded by an intense 
light, could work with a larger aperture, 
and therefore see more clearly and dis- 
tinctly. 

Fig. 12 shows the curve of an opal dome 
and opal bobesche. Such a combination is 
good for reading when the light is directly 
above the work. A _ bobesche should al- 
ways be used with a dome shade whenever 
there is a possibility of the eye being able 
to see. the mantle. - As a matter of fact, 
bobesches should be made about half an 
inch deeper, as at present most of them do 
not come high enough to cut out all view 
of the bare mantle. 

Fig. 13 shows the curve of a similar green 
dome shade and opal bobesche. This makes 
a splendid reading light if directly above 
the work, but concentrates it too much if 
used on a low portable, with the reader sit- 
ting alongside the table. A green dome 
with green bobesche is practically out of the 
question, owing to the large absorption of 
the cup. Such a combination depends al- 
most entirely on the reflection from the 
white lining of the green dome and is very 
inefficient. 

Fig. 14 shows the curve of a green dome 
and Class A Holophane bobesche. 

This bobesche, being higher, cuts off all 
view of the mantle and gives a strong light 
at all angles. A comparison of this with 
Figs. 12 and 13 is instructive, and shows 
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how easily illumination may be improved 
by slight changes. 


OPEN FLAT GAS FLAME BURNER CURVES. 


In considering the distribution of light 
from a mantle burner we have assumed 
that it was symmetrical on the horizontal, 
i. e., if we looked at the light from one side 
or the opposite side it was the same. This 
is so nearly true that it can be safely 
assumed. 

Fig. 15 shows the distribution curve in 
a horizontal plane of a flat flame burner 
showing that when viewed at right angles 
to the plane of the flame, the candle power 
is slightly greater than when viewed end 
on, due to the fact that the hot particles 
of carbon slightly shade the light from the 
other parts of the flame. It is not as great, 
however, as one would suppose and shows 
that, generally speaking, it is immaterial 
at what angle the tip of the burner is 
placed. 

Fig. 16 shows the vertical distribution of 
an unshaded open gas burner taken at right 
angles to the plane of the flame. It will 
be noticed that the curve of the light is re- 
markably uniform with the exception of 
directly underneath where a small shadow 
is made by the pillar and the tip. Also, 
as in the case of the mantle burner, prac- 
tically one-half of the light is above and 
one-half below the horizontal. 

Fig. 17 shows the distribution curve of 
an etched glass globe, representing perhaps 
the great majority of open flame globes. 
It should be noticed that there is compara- 
tively small absorption, viz., about 14 per 
cent., but that a large amount of the light 
is thrown upward, the globe acting some- 
what as a reflector, there being a diminu- 
tion of 30 per cent. below the horizontal. 

The real efficiency of a globe should not 
be measured, generally speaking, by the 
amount of light it gives forth, but rather 
by the amount of light which it throws be- 
low the horizontal, or in some particular 
direction where the light is wanted. Thus 
in the case of the globe shown in Fig. 17, 
although its absorption is comparatively 
small, the loss of light below the horizontal 
is rather large, and as this is the light which 
is generally used, we see that in our efforts 
to obtain an artistic effect and at the same 
time shield the eyes, we do so at a consid- 
erable loss. 

It should also be noted that in the case 
of open flame burners, the necessity for dif- 
fusion is not nearly as great as with man. 
tle burners, as both the intensity and quan- 
tity of light are low. 

Fig. 18 shows the curve of a beaded and 
ribbed globe. The absorption of this globe 
is low, as it is made of perfectly clear glass, 
but it also has the same tendency as all 
such globes, to act slightly as a reflector 
and throws much more light above than 
below the horizontal. 
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Fig. 19 shows a Class A Holophane 
globe designed to diffuse the light and at 
the same time throw a strong light down- 
ward. Its absorption is about the same as 
the other open gas globes, but its distribu- 
tion curve is entirely different. 


INVERTED BURNERS. 


In studying the distribution of light from 
an inverted burner, the first thing one no- 
tices is the marked difference between it 
and the upright burner. Thus, in the case 
of the bare upright mantle bureau we have 
55 per cent. of the light above the horizon- 
tal and 45 per cent. below, while in the 
case of the inverted burner we have only 
33 per cent. above the horizontal and 67 per 
cent. below. From this we would naturally 
draw two conclusions : 

t. As lights will, in general, be placed on 
present chandeliers, they will be lower, and, 
therefore, the necessity for a diffusing globe 
will be greater, especially as the tempera- 
ture of the mantle is higher and of greater 
intrinsic brilliancy. 

2. The necessity for redirecting the rays 
below the horizontal will not be as great 


_as formerly. 


A corollary which naturally follows, is 
that a greater variety of globes or shades 
will be permissible, inasmuch as the ten- 
dency of any open form of shade will be 
to throw the light downward, whereas with 
upright burners we have the exact oppo- 
site. 

Fig. 20 shows the curve of an inverted 
burner with a small, clear chimney, but nu 
outer globe. This gives a mean spherical 
candle power of 54, with a consumption of 
3 cubic feet of gas per hour, or 18 mean 
spherical candle power per cubic foot of 
gas. Comparing this with the standard 
upright mantle burner, not of the air hole 
pattern, we find that the efficiency of the 
two are practically the same, as.the test 
shown in Fig. 4 gives a mean spherical 
candle power of 63, with a consumption of 
3.7 cubic feet of gas per hour, or I7 meat 
spherical candle power per cubic foot of 
gas. 

Fig. 21 shows the curve of a dense opal 
globe on an inverted burner consuming 3.85 
cubic feet of gas per hour. The mean 
spherical candle power of this combina- 
tion was 55.7 or 14.5 candle power per cu- 
bic foot of gas. This should be compared 
with Fig. 6, which is an upright air-hole 
burner with an opal chimney, burning 5.1 
cubic feet of gas per hour; as the mean 
spherical candle power of this is 45.8, we 
have only 9 candle power per cubic foot of 
gas, so that the upright air-hole style is 
extremely inefficient when compared with 
either the inverted or standard upright type 
of burner. 

Fig. 22 shows the photometric curve of 
the same burner used in Fig. 20, equipped 
with a pagoda reflector. It will be noted 
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that this gives an extremely downward 
light, but at the same time throws a good 
light to the sides. There is an increase in 
illumination at all angles below 30° from 
the horizontal. 

Fig. 23 shows the same burner as is used 
in Fig. 20, equipped with a holophane dif- 
fusing globe, showing that it is possible to 
obtain good diffusion with a practical in- 
crease of light at all angles below the hori- 
zontal, 

Fig. 24 shows the same burner as shown 
in Fig. 20, equipped with a flat porcelain re- 
flector. It will be noted that in Figs. 24 
and 25 the curves are not carried above the 
horizontal. Both of these tests are due to 
the courtesy of the manufacturers, all the 
other tests having been made by the Elec- 
trical Testing Laboratories. 

Fig. 25 shows the curve of the same 
burner with an 8-inch deep cone reflector. 
This should be compared with Fig. 22. It 
should be noted that the two are not drawn 
to the same scale. 


GAS ARCS. 


The length of this paper precludes much 
of a discussion as to the relative merits of 
cluster gas arcs as compared with individ- 
ual mantle burners, either upright or in- 
verted. 

It should be noted, however, that a four 
mantle gas arc does not give as high an 
efficiency, with respect to its total flux of 
light, as four individual burners. Thus in 
the case of the standard upright burner 
‘consuming 3.7 cubic feet of gas per hour, 
shown in Fig. 4, we have 63 mean spherical 
candle power or 17 candle power per cubic 
foot of gas. The mean spherical candle 
power of the most efficient type of four 
mantle gas arc, burning 21 cubic feet of gas 
per hour, is about 250, of 12 candle power 
per cubic foot. This means a reduction of 
nearly 30 per cent. 

The reason for this will be seen at once 
when we note that the mantles largely 
Shade each other, thereby lowering the 
total efficiency, although each mantle gives 
more light than the individual burner. 

Outside of the question of etnciency, it 
‘can also be said that, in general, better dis- 
tribution of light can be obtained from 
small units properly placed and with the 
right shades than with large ones. For 
the above reasons it does not seem wise to 
advocate of the gas arc, except in special 
cases and under certain conditions. 

As far. as the writer knows, little, if 
any, reliable data has been published on 
gas arcs, with respect to their distribution, 
their relative efficiency as compared with 
individual burners, etc., consequently two of 
the best known types were selected for 
test. 

Fig. 26 shows the distribution in a hori- 
zontal plane of gas arc No. 1 (the Wels- 
bach). It should be noticed that the dis- 
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tribution is unsymmetrical, there being a 
difference of over 35 per cent. between the 
maximum and the minimum. In one posi- 
tion only two mantles are visible, while by 
shifting the point of view 30° three of the 
mantles are entirely visible and the fourth 
partly so. 

We should, therefore, note that in in- 
stalling such arcs they should be placed so 
as to secure their maximum candle power 
in the proper direction, a point of consider- 
able practical use, but seldom taken advan- 
tage of, as it is thus possible to materially 
increase the illumination in given directions 
without any additional cost. 


TABLE I. 





Clear Globe with Alabaster 





Porcelain Ref. Globe 

First Second Second 

Plane. Plane. Plane. 

RL eSStIne ee aera ya Tas 5 1.5 

Consumption 21.0 21.0 225 
Indicated Mean 
Spherical Candle 

Power Ete HIS we peNe A) 207.0 245.0 
Indicated Mean 
Lower Hemi- 
spherical Candle 

POWers.” as 28120 345.0 240.0 
Mean _ Spherical 
Candle Power 

per LGubic Foot. 11-0 i207 10.9 
Mean Lower Hemi- 
spherical Candle 
Power per Cubic 

Foot Toad 16.4 10.7 





Fig. 27 shows two photometric curves, in 
a vertical plane, of the same lamp, the dash 
line representing it equipped with a clear 
globe and flat porcelain reflector, while the 
dotted line represents it equipped with ala- 
baster globe without reflector. It will be 
noted that, except directly underneath, there 
is a material increase in the useful light 





FIG: < 20: 


due to the use of the clear globe and re- 
flector, but, on account of the diffusion 
obtained by the alabaster globe, it is, gen- 
erally speaking, better to sacrifice the in- 
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Curves of Gas Arc No. | 
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FIG. 30.—THREE-LIGHT CHANDELIER AND TWO BRACKETS. 


crease of light, whenever the mantles are 
apt to fall directly in the line of vision. 
Tests were made in two vertical planes, 
the first, normal to the common vertical 
plane of two adjacent mantles. In this 
case only two mantles were visible. Te 
second vertical plane investigated was 45° 
removed from the first. In this plane three 
mantles were visible. The indicated mean 


spherical candle power and the indicatea 


mean lower hemispherical candle power 
values are computed from the intensities 
determined by measurements in a certain 
vertical plane. As the distribution of light 
in the horizontal plane about the lamp is 


non-uniform, neither of the values given’ 


represents the true mean spherical candle 
power, which will lie somewhere between 
them. This can be verified at once by ref- 
erence to the horizontal distribution curve. 
The results of the tests on this arc are as 
shown in Table I. 

Fig. 28 shows the vertical distribution 
cCutve Of gas arc)No..2 (the Humphrey), 
the dash line being the test with clear glass 
globe in the second plane and the dotted 
line the test with an alabaster globe in the 
third plane. No reflectors were used. 

With this arc tests were made in three 
vertical planes, the third being halfway be- 
tween the first two mentioned in the case 
of gas arc No. 1. In the third plane it is 
possible to see part of the fourth mantle. 

The remarks with reference to the mean 
spherical candle power values of gas arc 


No. I apply also to this test. The results 


are as follows: 





Clear Globe, without Alabaster 











Reflector. Globe. 

First Second Third 

Plane. Plane. ielane: 

PReSStlke ie CO 16 1.6 

Consumption <3... 16-0 18.0 19.0 
Indicated Mean 
Spherical Candle 

POWer seo 177.0 200.0 162.0 
Indicated Mean 
Lower. Hemi- 
spherical Candle 

POWer toes. 168.0 185.0 166.0 
Mean ¢S5 3 hie rical 
Candle Power 

per Cubic Poot. 410.8 Let 8.5 
Mean LowerHemi- 
spherical Candle 
Power per Cubic 

HOOT are ets: Or 10.3 oy 

DISTRIBUTION. 


Having given the photometric curves, it 
is possible to calculate the illumination in 
any part of a room we desire to light. 

The unit of illumination is one-foot can- 
dle. This can be defined as follows: If we 
had as a source of light, one standard can- 
dle, and held the object to be illuminated 
on a horizontal plane at a distance of one 
foot, the illumination on the subject would 
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FIG. 35 
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WITH CLEAR GLOBES AND REFLECTORS. 





FIG. 32.—LIGHTING WITH ORNAMENTAL GLOBES. 
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33.—GOOD EXAMPLE OF GAS ARC STORE LIGHTING. 


34.—OPAL GLOBE FOR GAS 


ARC 





STORE LIGHTING. 
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be one foot-candle. If the light were of 16 
candle power and we held the object to be 
illuminated four feet away we would again 
have one foot-candle, inasmuch as the light 
varies inversely as the square of the dis- 
tance. In order, therefore, to determine 
the illumination of any object, we simply 
have to divide the candle power of the 
source of light, when viewed from the point 
in question, by the square of the distance 
from the light to the point. Thus, in Fig. 
29, if A is the source of light, B, the point 
at which we wish to determine the illumina 
tion, C P, the candle power of the light at 


the angle ¢ and d the distance from A 
to B, we will have an illumination 
ose 
co qd? 


This gives what is known as the normal 
illumination, which is the effect we get 
when the rays of light strike perpendicular- 
ly to the object, that is to say, on a plane 
at right angles-to A B. Thus, if we are 
reading in a church we would naturally tip 
our book to such an angle, as to have the 
rays of light perpendicular, in order to ob- 
tain the maximum illumination. If, how- 
ever, we should place our book flat and 
the light were not directly above it, we 
would not get as strong an illumination as 
before, and we should have to take into ac- 
count the obliquity at which the rays of 
light strike the object. In this case we 
would have 
I, = es Cos¢ 

where Iu is the horizontal illumination and 
Cos 9 the multiplying factor to change 
from normal to horizontal illumination. 

A more complete discussion of this sub- 
ject cannot be entered into here, but for 
those who wish to pursue the subject fur- 
ther, reference is made to a paper by the 
writer before the Western Society of Engi- 
neers in April, 1903. It is sufficient to state 
that quite accurate results can be obtained 
by carefully designing the illumination ot 
any given room, and that these results can 
be predetermined, so that before the instal- 
lation is made, it will be possible to locate 
the lights so as to get very closely the de- 
sired illumination, although on account of 
the various variable conditions with gas 
burners it is not possible to determine. re- 
sults as accurately as with incandescent 
electric lights. As an example may be 
mentioned the illumination of a church de- 
signed by Prof. William Lincoln . Smith. 
Calculations were first made and after the 
installation was completed, the illumination 
was measured with an illuminometer. The 
mean of over 80 readings showed a variation 
of a little over 6 per cent. from the calcu- 
lated illumination, which means that, when 
the color scheme of a room is carefully 
considered, and the candle power and dis- 
tribution curves of the sources of light are 
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known, it is possible to design the illumina- 
tion of a given room with about as much 
accuracy as enters into many problems of 
engineering work. 


EXAMPLES. 


A number of photographs of different 
installations of gas, both good and bad, are 
here given. These illustrations are selected 
from different types of subjects, so as to 
bring out the practical application of the 
foregoing principles in different classes of 
work. 

Fig. 30 shows an ordinary bedroom with 
a three light chandelier, a side bracket next 
to the dresser and a bracket with a mantle 
burner in the corner. This seems to be a 
well lighted room. The chandelier gives 
good general illumination and the bracket 
next the dresser is placed at the proper 
height to throw light on the person stand- 
ing in front of the mirror. It would hardly 
be advisable to use a mantle burner on 
this bracket, unless a dense diffusing globe 
were used. The mantle burner in the cor- 
ner, which is used for reading, is well 
placed and well equipped, except that a bob- 
esche might be used to good advantage. 
‘Vhis is not necessary, however, in case the 
person sits with his back to the light or 
the light is directly above the table as in 
this instance. 

I have in mind also a well lighted dining 
room. The center arrangement, which can 
be pulled up and down, is equipped with an 
argand burner, giving a soft, mellow light, 
while the opal dome acts as a good reflect- 
or. The other lights on the chandelier can 
be used when necessary for general illu- 
mination of the room. The argand burner 
might be equipped with an opal or holo- 
phane bobesche to good advantage so as to 
protect the eyes. It should be noticed in 
such cases that where a center light is 
used, as well as other lights, it is not de- 
sirable to mix the color effects of mantle 
burners with open gas. The argand bur- 
ner, having practically the same color as an 
open flame, should be used in preference. 

A certain church has bare gas brackets 
along the side walls and clusters of open 
flame burners over the organ and the choir. 
This is a good example of what to avoid as 
far as the lighting of the front of the 
church is concerned. The lights there are 
placed directly where everybody must look 
at them during the entire length of the ser- 
vice. They are so situated as to be not 
only tiring to the eye, but, owing to the eye 
working with a small aperture, the ability 
to see the preacher is materially decreased. 
A canvass among the congregation would 
doubtless disclose the fact that many people 
were subject to headache when in the 
church, and that, owing to the fact that it 
would be easier to close the eyes than to 
look at the lights, people were put to sleep, 
not necessarily by the sermon. 
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FIG. 35.—HOW 


Tig. 31 shows a millinery store equipped 
with bare mantle burners: The distribution 
of light is good, as will be seen by referring 
to the distribution curve of this combina- 
tion shown in Fig. 5, but the glare is inex- 
cusable. This should be compared with 
Fig. 32, where the distribution is not as 
good as in the former case, but where, ow- 
ing to the dense globes used, we have near- 
ly perfect diffusion and a light which is soft 
and easy to see by. It is much preferable 
to Fig. 31. 

Fig. 33 shows a small store lighted by a 
gas arc. It will be seen that the distribu- 
tion of light in this case is fairly good, and 
that the light is placed so high as to be, 
generally speaking, out of range of the eye. 
‘This is a good example of how a gas arc 
‘can be used to advantage. 


Fig. 34 shows a hat store lighted with gas 
arcs equipped with alabaster globes. In a 
store of this length, where the arcs are 
placed low, the use of alabaster globes is to 
‘be highly commended. This is another ex- 
ample of where gas arcs are used effec- 
tively. Attention is called to the fact that 
an examination of this store will show that 
gas arcs, electric arcs and electric incan- 
descent lamps are used. This is highly re- 
prehensible if-they are lighted at. the same 
time. We should be very careful at. all 
times never to mix our color effects. Noth- 
ing in the lighting line is perhaps less 
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NOT TO Ss DO ET: 


attractive than a place where we have the 
blue of an electric arc, the white of a man- 
tle burner and the yellow of an incandes- 
cent electric lamp. 

There is a certain office where, as far as 
the lighting arrangement is _ concerned, 
cheapness is evidently the primary object. 
The lights are places is such a position that 
when working at the desk one either sits 
in his own shadow, or else, as the light 
comes from the right, one has a constant 
shadow of the hand. In fact, the arrange- 
ment is about as poor as could be con- 
ceived of. 

Fig. 35 has been selected as a splendid 
example of how not to do it. Almost all 
the principles of good illumination have 
been violated in this case. In the first 
place, the lights are so placed that, when a 
man looks up from his work, he will have 
the bare mantle glaring him directly in the 
eye. Second, the light from the lamps will 
strike the paper at such an angle that it will 
be regularly reflected, with a_ resultant 
glare which will soon produce injurious 
effects. Third, the light is not diffused, and 
the intensity, therefore, too high. Fourth, 
sufficient amount of light is not thrown on 
the work. -In fact, this furnishes a very 
good example for a gas man to show his 
customers how not to light their desks. A 
slight change in the office arrangement 
would immediately rectify some of these 
errors; thus, if the tables were simply 
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turned at right angles, the light would come 
from the left and slightly behind; it would 
be out of reach of the eyes of the man 
working on the table, but would, never- 
theless, be visible to the man behind him 
and should therefore be carefully shaded. 
It would be well in this case to use an opal 
dome and bobesche which -render the light 
soft to the man behind and give far more 
light on the work than the present equip- 
ment. For the same reason such an ar- 
rangement of tables would be better for 
daylight, 

In lighting a window, one of two objects 
is aimed at, either an illumination of the 
goods displayed, or else an attraction to the 
place by means of the lights. 

As an example of window lighting, there 
is a hat store where the main illumination 
is furnished by electric lamps hidden in 
trough reflectors, which are not visible out- 
side. In order, however, to assist in at- 
tracting the passerby, lamps are placed in 
large diffusing globes, which, while adding 
but little to the illumination of the goods be- 
low, nevertheless serve to attract attention. 
Electricity only is used in this case, and it 
is simply giving an example of a combina- 
tion of the two classes of window lighting. 





HEFNER, HARCOURT AND CAR- 
CEL LAMPS 


Photometric Investigations by the Physical- 
Technical Imperial Institute at Charlot- 
tenburg on the Relation of the Inten- 

sity of Light of the Hefner Lamp to 
the Ten-Candle Pentane Lamp and 
the>Carcel Lamp: 


By Dr. Emit Ligsentuat, of Berlin. 


[Read before the German Association of 
Gas and Water Engineers. ] 


Translated by Journal of Gas Lighting 
(London). . 


The international resolutions passed in 
the years 1884, 1889, and 1896 with regard 
to the selection of an international unit of 
light have not resulted in uniformity in 
regard to it. The Hefner lamp, which was 
adopted in 1896 at Geneva as the practical 
international unit measure of light, is even 
at the present time only in use as such in 
Germany. In France, as a rule, the carcel 
lamp, and in England the English candle, 
and since 1898 the 1o-candle pentane lamp 
as well, are used. 

The International Photometric Commit- 
tee, which was constituted by the first In- 
ternational Congress of Gas Engineers on 
the occasion of the Exhibition in Paris in 
1900, at their sitting in Zurich in 1903 again 
took up the question of an international 
regulation of units of light. Its proceed- 
ings were then governed by. two tables 
which Herr Bunte had prepared for the 
‘purpose from older measurements. 
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Recognizing that, for the time being, 
there was no prospect of the introduction 
of a really universal unit of light, the Pho- 
tometric Committee at Zurich confined. 
themselves to an endeavor to establish gen- 
erally accepted ratios between the units of 
light in use in the different countries. It 
was then decided: (1) That in Germany, 
France and England new comparative pho- 
tometric testings should be made between 
the Hefner lamp, the ten-candle pentane 
lamp, and the carcel lamp; and (2) that 
for the time being the ratios shown by 
Herr Bunte to be the most trustworthy 
should be adopted for conversions—viz. : 


Intensity of light of ten-candle 
pentane lamp 


——_———_—_—_— = 114 
Intensity of light of Hefner lamp 
and 
' Intensity of light of carcel lamp 
lO.) 


Intensity of light of Hefner lamp 
Exhaustive comparative tests have been 


carried out in the Reichsanstalt in accor- 


dance with the first conclusion. The source 
of light used for the comparisons was a 
constant incandescent electric lamp. The 
humidity of the air varied between 3 and 
17 volumes per 1,000 volumes of dry air 
free from carbonic acid; the barometric 
héight varied between 742 and 772 millime- 
ters: 

Two of each of the foreign lamps were 
used. They were placed at the disposal of 
the Reichsanstalt by the German Associa- 
tion of Gas and Water Engineers through 
the medium of Herr Bunte. Screens were 
placed in front of the lamps, allowing the 
light to pass, but screening off the parts 
of the lamps. 


THE TEN-CANDLE PENTANE LAMP. 


This lamp consists of a Sugg type of ar- 
gand burner, fed with pentane air gas, 
which is obtained by the air traversing a 
reservoir charged with pentane, and fur- 
nished with a series of chambers placed 
above the burner, so that the air becomes 
thus carburetted with pentane vapor. The 
reservoir is connected with the burner by 
means of an india-rubber tube. A metal 
chimney induces a strong draught of air, 
and screens off the upper part of the flame. . 
The internal supply of air for combustion 
is previously warmed. The chimney has 
an inspection window, with a horizontal 
mark about its middle. The flame must, 
according to the prescription, be so regu- 
lated that its tips are midway between the 
lower edge of the inspection window and 
this horizontal mark. The height of the 
flame falls continuously for the first few 
minutes after lighting, so that the gas sup- 
ply has to be correspondingly increased. 
After about ten minutes, the lamp attains a 
nearly stationary state, and then requires, 
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in contradistinction to the one-candle pen- 
tane wick lamp, no longer constant super- 
vision. The light rises very rapidly at the 
beginning, and after about ten minutes at- 
tains a nearly constant value. 

The ten-candle pentane lamp proves much 
more sensitive than the Hefner lamp to- 
wards vitiation of the air. When the pho- 
tometer-room at the Reichsanstalt, which 
is sufficiently large (16,600 cubic feet), was 
aired before the beginning of a test, but 
not again during it, the light of the Hef- 
ner lamp decreased by about 2 per cent. at 
the extreme after three hours had ex- 
pired, while the light of the ten-candle pen- 
tane lamp frequently decreased by the same 
amount after twenty minutes had expired. 
-According to Harcourt, the light of the 
pentane lamp does not vary if the flame 
fluctuates by as much as 6 millimeters 
above or below the prescribed height. Ac- 
cording to the tests of the Reichsanstalt, 
this is nearly right if the flame is higher 
than prescribed, but not if the flame is 
smaller. If the points of the flame play 
about the lower edge of the inspection win- 
dow, the light is about 3 per cent. lower 
than the normal. For exact measurements, 
this lamp must therefore be regulated to 
a particular height of flame—like the Hef- 
ner lamp and the one-candle pentane lamp. 

One of the two pentane lamps was ac- 
companied by a certificate of the London 
Gas Referees as to the correctness of its 
measurements. With the other lamp, de- 
viations from the dimensions given by the 
Gas Referees were not found. The height 
of flame was regulated according to the 
prescription. The testing was begun about 
ten minutes after lighting up. Each time 
at least two measurements were made, both 
consisting of the mean of ten photometric 
settings. In order to avoid vitiation of the 
air, the photometer-room was aired before 
each measurement. The flames were not 
regulated by means of the taps on the car- 
burettor, but by a pinch-cock on the rub- 
ber tube connecting the carburettor with 
the burner. The latter arrangement ad- 
mitted of the observer controlling ‘the 
height of the flame at a relatively great 
distance from the lamp. But, notwith- 

_ standing these precautions, the variations 
in the light of one and the same lamp with 
the same fuel and under the same meteoro- 
logical conditions amounted to upwards of 
I per cent. in the course of several hours. 
The light of the portion of the flame that 
~was beneath the lower edge of the chim- 
‘ney was measured in accordance with the 
prescription. 

Three descriptions of pentane were used 
in the testings: (1) English pentane—i. e¢., 
made in England, and sold by the firm of 
Carless, Capel, and Leonard, of London. 
(2) Three batches of pentane made in 
Germany “by. tre: firm of CA. F. -Kahl- 
baum according to the prescription of the 
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Gas Referees. (3) So-called “Kahlbaum 
pentane” stated by the firm to be a simple 
chemical body of the formula— 


CH, 
CH. > CH — CH, 
Descriptions 1 and 2 were tested in the 
chemical laboratory of the Reichsanstalt 
according to the testing prescription of the 
Gas Referees. It was thereby found that 
the three consignments of pentane No. 2 
conformed to the prescriptions. Descrip- 
tion I had rather too high a specific grav- 
ity (0.6275 instead of 0.626); but in other 
respects it conformed to the specification. 
The deviation of specific gravity had evi- 
dently arisen from a portion of the liquid 
having been lost by fractional evaporation 
during transport in a not absolutely closed 
vessel. Yhe two lamps gave on the aver- 
age the same light with descriptions 1 and 
2, and on the average about I per cent. 
lower with description 3 than with 1 and 
2. An older lot of description 3, which had 
been extensively used before these com- 
parative testings were undertaken, had 
given on the average the same value- as 
descriptions I and 2. 
It was found, on the average of 47 series 
of testings with pentane 1 and 2, and on 
the basis of the same humidity, that— 


CH; 





Light of pentane lamp 
ei. 
Light of Hefner lamp 


The greatest deviation from the average 
value was 2.2 per cent., and the mean + 
I.I per cent. The average barometric 
height was 7.59 millimeters. By Hefner 
“candle,” the Reichsanstalt understands the 
light of the Hefner lamp in dry air free 
from carbonic acid, and containing 8.8 li- 
ters of aqueous vapor to a cubic meter of 
dry air. 

According to measurements made by 
Paterson, the light of the ten-candle 
pentane lamp decreases on the average by 
about 0.66 per cent. when the moisture in- 
creases by about 1 liter. The Reichsanstalt 
finds in place of 0.66 the slightly smaller 
figure 0.55. Earlier measurements of the 
Reichsanstalt had likewise given the num- 
ber 0.55 for the Hefner lamp and the one- 
candle pentane lamp. Consequently these 
three lamps are affected by the humidity 
of the air in the same degree within the 
limits of error of observation. 

When the height of the barometer rises. 
by 10 millimeters, the light of the ten- 
candle pentane lamp increases, according 
to Paterson’s observations, by about 0.8 
per cent., and according to the Reichsan- 
stalt’s by 0.6 per cent. For the Hefner 
lamp and the one-candle pentane lamp, the 
Reichsanstalt had previously determined 
the corresponding factors at 0.I per cent. 
and 0.4 per cent. respectively. With the 
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ten-candle pentane lamp, therefore, the ef- 
fect of atmospheric pressure is still greater 
than with the one-candle pentane lamp. 

The light of the ten-candle pentane lamp, 
at 88 liters of aqueous vapor to I cubic 
meter of dry air, and at 760 millimeters 
pressure, therefore equals 11 Hefners: At 
the National Physical Laboratory in Lon- 
don, the light of the pentane lamp is re- 
garded as normal with the average atmos- 
pheric humidity applicable to London of 
Io liters of aqueous vapor to a cubic meter 
of dry air. According to the author, the 
light of the ten-candle pentane lamp at Io 
liters aqueous vapor and 760 millimeters is 
equal to 10.9 Hefners. 

Earlier measurements on the ratio of the 
light of the English candle (with the flame 
45 millimeters high) gave a value of 1.14 
times that of the Hefner lamp. Therefore 
it would have been expected that the ratio 
of the illuminating power of the ten-candle 
‘pentane lamp to that of the Hefner lamp 
‘would be 11.4. According to the measure- 
‘ments of the Reichsanstalt now reported, 
the illuminaing power of the ten-candle 
-pentane lamp is therefore about 4 per cent. 
lower than to old English candles. | In 
other words, the new English candle (or 
pentane unit) derived from the ten-candle 
‘pentane lamp is about 4 per cent. smaller 
than the old one established through the 
spermaceti candle. 


oe epee 
SSP 
ie 


The carcel lamp is well known to be a 
simple modification of the circular-burner 
lamp with double air draught, constructed 
by Argand towards the close of the eigh- 
teenth century. It is fed with purified 
colza oil, which is pumped up to the burner 
from a reseryoir fitted in the base of the 
lamp, by means of a clockwork pumping 
arrangement. A glass chimney having a 
choke is set on the stop on a ring-shaped 
tube which can be altered as to its height 
on the burner tube. 

Each lamp was accompanied by a can of 
colza oil and a set of wicks. The fuel was 
used in turn in the two lamps. The lamps 
were so regulated about 30 minutes after 
lighting that the wick projected about 7 
millimeters from the burner. This was in 
accordance with M. Laporte’s practice, as 
distinguished from the to millimeters 
which Dumas and Regnault prescribed in 
1842. The choke of the chimney was 7 
millimeters above the upper edge of the 
wick, and hence 14 millimeters above the 
rim of the burner. The hourly consump- 
tion of fuel generally was between 42 and 
45 grammes. ‘The photometer tests were 
begun about 50 minutes after lighting up. 
Before each testing the lamps were fur- 
nished with new well-dried wicks, and 
filled to the gallery with fuel. As the car- 
cel lamp is tolerably sensitive to vitiation 
of the air, as Laporte has shown, the pho- 
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tometer-room was aired from time to time. 
Both lamps gave an average value for 
the light which agreed with one another 
within the limits of error of observation. 

In all, 28 series of observations have 
been made, each of which comprised at 
least four directly consecutive measure- 
ments. Each such measurement included 
a determination of the consumption and a 
number of photometric settings. The con- 
sumption was deduced from the time re- 
quired for the consumption of Io grammes 
of oil. Several measurements were made 
one after the other each time, as during the 
testing the consumption varied up and 
down while the hght increased compara- 
tively little with the time. 

On an average, it was found that, on the 
basis of equal humidity— 


Light of the carcel lamp 


Light of the Hefner lamp 


The greatest deviation from the mean 
value was 4.6 per cent., and the average 

1.8 per cent. There is still to be taken 
into account that the figures from which 
the mean value 1.08 was deduced vary 
among themselves upwards of Io per cent. 
The lamp, therefore, does not give exact 
values. 

Old measurements made-the ratio of the 
lights of the two lamps as follows :— 


Dutch Photometrical Committee 
CLEO4 2 Sac Ra yee eee 10.4 
Lecomte." (1004962 oe eee 10.5 


Durand and Jigouzo (1896, published 
ITE TSOS ) epee eae on eee re eae 
Laporte (1898) 10.9 


ed 


Laporte has also compared a carcel lamp 
with two of the incandescent electric lamps 
of 10 and 16 Hefners power tested by the 
Reichsanstalt; and from this indirect com- 
parison he found a ratio, on an average, of 
10.8. 

The measurements carried out by the 
Reichsanstalt with the carcel lamp are so 
distributed in point of time that the mean 
value found relates to about the average 
humidity -in the course of. .a--year.,./On 
drawing the mean intensities of the differ- 
ent series of measurements in rectangular 
co-ordinates as a function of the humidity, 
the points obtained fall within a belt of 
which the axis is about parallel with the 
abscisse axis. It therefore follows that 
tne dependence of the light on atmospheric 
humidity, so far as it can be detected with 
the considerable fluctuations in the light, is 
nearly the same as with the Hefner lamp. 
Assuming that in the neighborhood of the 
average humidity, the relation is the same 
for the two lamps, it follows that the light 
of the carcel lamp, with a humidity of 88 
liters of aqueous vapors to I cubic meter 
of dry air, is equal to 10.8 Hefners. 
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ORGANIZATION AND CONDUCT OF A NEW BUSINESS DEPARTMENT 
SUITABLE FOR CENTRAL STATIONS IN CITIES OF 
50,000 POPULATION AND UNDER * 


By S. M. KENNEpy. 


There is probably no other kind of busi- 
ness in America today which is capable of 
as much development as is the selling of 
electric energy. At first glance, this may 
appear to be a bold assertion, but the more 
the subject is considered, the more the 
truth of the statement will become evident. 
There are countless opportunities for work- 
ing fields only partially cultivated, for plow: 
ing and sowing fields now lying fallow, 
and for reaching out into the deserts and 
making them “blossom like the rose.” It 
matters little what may be the relative size 
of the city in which a central station is 
being operated—whether it contains 5,000, 
50,000, Or 500,000 population, the opportuni- 
ties: are there in each case and almost beg- 
ging to be looked after. However, 
opportunities are not in the habit of rush- 
ing at those who sit down and wait for 
them; they require to be sought. But 
many a man who is sincerely looking foi 
Opportunity will be surprised to find that 
Opportunity has been loking for him, and 
anxious to meet him more ‘than half way. 
Flectrical opportunities are everywhere in 
any city, on the streets, in the home, in 
the office, in the factory, in the store, and 
in the work-shop—on the surface, overhead 
and underground—wherever men _ and 
women live, eat and sleep. 


NEW BUSINESS. 


There is no standing still in the electrical 
business and a central station is either 
going’ ahead, or falling back. As a matter of 
fact, really healthy electric company should 
be behind with its new work most of the 
time, should be rushed with orders and 
straining to keep up with them. It is not 
meant by this that there should be ineffi- 
cient methods, or insufficient help, but that 
the pressure of constantly increasing de- 
mands for electric energy should be im- 
patiently pushing forward the orders await- 
ing their turn for attention. 

But this great pressure of work, these 
insistent demands for attention—what are 
they? Just the visible indications of op- 
portunities which have been stirred up. 
and opportunities. which have been met on 
the way in.. And the ‘central station will 
obtain the full advantage of these oppor- 
tunities by means of its “New Business 
Department.” 

OBJECTS. 


The great problem which central station 
managers are trying to solve, is one of 
* This paper was awarded the second prize of 


$300 by the Codperative Electrical Development 
‘Association. 


stops. 
progress-—the sleepless element which takes 


Alertness : 


conditions 
and changed to conform with modern ideas. 


without a heart, 


equalization. It is highly desirable to in- 
crease the sale of electric energy in every 
legitimate way, but some ways are more 
profitable to a company than others: In a 
growing city it is an easy matter to build 
upiac peak-”. \Butr-it” takes efforts. and 
brains to broaden the “peak,” to build up 
a day load and to reduce the difference 
between the peak load and the minimum 
demand. These are prime reasons for 
the existence of a “New Business Depart- 
ment.” It is. to this department that the 
central station manager must look in order 
that, hé-anay obtair, a. proper. load. for 
every hour of each day, and every day of 
the year. 
FOUNDATIONS. 


In organizing such a department, it is 
well to consider what are the requisite 
foundations upon which to build: In the 
first place, there should be a corner stone 
on which is graven the words: “Electricity 
for Everything, and Everything for Elec- 
tricity.” ‘This should be adopted as the 
motto and slogan for all connected with 
the department. With such a corner stone, 
the remainder of the foundation should 
consist of: (1) Energy—untiring, un- 
swerving energy—the kind which never 
(2) Vigilance—the watch-dog of: 
advantage of every opportunity. (3) 
quickness to see an opening for 
business, and readiness to act upon it. (4) 
Aggressiveness: so that old methods and 
may be sucessfully combatted 


(5) Persistence; in order that prospects 
may. be converted into actualities. (6) 
Knowledge; which is the mother of good 
judgment. And (7) Enthusiasm; the 
quality which compels by force of belief— 
the combination which oils the mechanism 


ef a business and cements the forces for a 


common cause. These are the principal 
elements which are required as a safe 
foundation for a New Business Depart- 
meat, and with a proper admixture of each, 
the stperstructure will grow of its own 
volition. 

STAFF. 


A New Business Department is no longer 
considered an experiment or a fad—it is 
a necessity in the operation of a céntrai 
station. The generator is the heart of the 
plant, but the New Business Department 
is the lungs. A man cannot get along 
neither can a central sta- 
A man can get along with only one 
a part of a lung but he will die 


tion. 
lung, or 
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if the part shrinks up too much—and so 
will a central station. For cities of 50,000 
population and under, the staff of a New 
Business Department proper, may consist 
of from one to twelve individuals, de- 
pending altogether on the size of the city, 
the local conditions, and the rate of speed 
with which certain objects are to be at- 
tained. There has been an inclination in 
some quarters to look upon this depart- 
ment as an extravagance, which tended 
towards excessive plant investment. But 
this theory is easily exploded. A properly 
organized and well operated New Busi- 
ness Department not only points the way 
to profitable extensions, but increases the 
value of present investments by developing 
paying business existing under a com- 
pany’s lines iand selling energy during 
those hours when it would otherwise be 
wasted, or, at. least, not fully utilized. 
Let the central station manager select a 
good man to put in charge of the New 
Business Department, and let that man add 
to his assistants as he feels the necessity, 
and as circumstances warrant. An energetic, 
man will soon stir up more business and 
more prospects in a city of 10,000 inhabi- 
tants than he can take care of himself, and 
he and those laboring with him will have 
pleasure in watching the growth of the 
new business added as the direct result of 
their efforts. 
THE WORK. 


It is “safe to ‘say. that, no-= city son this 
continent, no street, no block, and no 
house can claim to be properly illuminated, 
or to have all the electricity consuming 
devices which might be used with ad- 
vantage. It is safe to say that in every city 
of any size there are hundreds of horse 
power in steam and gasoline engines being 
operated at a greater cost than. necessary, 
just because their owners have wrong ideas 
about electric energy and are not aware of 
the great advantages to be derived from 
its use. It is safe to say that there are 
many electrical appliances which could be 
installed in each household now using elec- 
tric light.. In every community there are 
many thousands of dollars in revenue wait- 
ing to be picked up from the sale of cur- 
rent, the production of which would not 
increase the central station plant invest- 
ment to the extent of Jone cent. “As a 
matter of fact, the people really want to 
know all about the possible advantages o? 
electricity. and this curiosity should be 
stimulated and satisfied by the central 
station, as it is entirely in line with the 
growth of its business. More light and 
more power can be sold to consumers, as 
well as non-consumers,—but it must be 
done by hard work. Men with a knowledge 
of salesmanship and business methods are 
required to successfully spread the news 
of electrical possibilities, to swell the num- 
ber of consumers, and increase the amount 
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of individual consumption. This is the 
kind of work cut out and waiting for the 
New Business Department. 


NEW METHOD. 


But if it is discovered by a managey 
that so much valuable business is waiting 
attention, what must he do to gather it 
in? Well, there are four ideas which he 
must grasp before starting on his cam- 


paign, namely, that the public requires 
Education, Instruction, Persuasion and 
Demonstration. It is not usual for men 


or women to want something which they 
do not know exists. And after they have 
been taught that something does exist 
which would better their condition, they 
require to be instructed’ as to )1t$s ad- 
vantages. In a city of 20,000 population, a 
company may have 3,000 consumers—all 
using light. Perhaps the manager con- 
tentedly leans back in his office chair, and, 
In answer to an inquiry, says: “Yes, busi- 
ness is good, we keep adding to our con- 
sumers right along, and’ must soon in- 
crease the capacity or our planto 797i nd=at 
the same time his load curve may probably 
resemble the spire of a church as much as 
anything else! Does he try to broaden his 
“peak?” Does he try to equalize, so that 
there may be a profitable day load? May 
be he is too busy to do more work himself. 
If such is the case, then he had better ob- 
tain a means of educating his public. His 
3,000 customers could probably be increased 
to 4,000—but, let us stick to the 3,000. They 
are all using light—Splendid! What do 
they want first? More light! It is an 
axiom, in this business, that the more op- 
portunities there are for using light, the 
more light will be used. Some of the 
residences are without porch lights, hall 
lights, portable lights, cellar lights, out- 
house lights, and outdoor lights. The 
stores want more inside lights—and more 
electric signs.. The factories and work- 
shops need more arc and reflector lamps— 
good light makes cheerful and _ efficient 
workmen, and good workmen deserve good 
light. 
ELECTRIC APPLIANCES. 


What next! Do those householders 
know of all the electric appliances which 
add so much to the comforts of life? 
Well, may be they do know of some of 
them—but not from the central station 
office. And yet those housewives are ready 
to use electric toasters, chafiing dishes, 
irons, Sewing machine motors, plate warm- 
ers, coffee pots, curling tongs, broilers and 
a dozen of other conveniences. But they 
must be told about them. 

Anything. else? ~ Yes, Just POWER— 
but spell that word with capitals, for it 
usually means day load, and that is what 
our friend, the manager, is looking for. 
That city of 20,000 is using lots of power 
in intermittant and constant operation. 
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How much of it electric? Is the manager 
going to sit down until new factories start, 
and wait for the promotors to come to his 
office and inquire what can be done? If 
he does, he will probably have few in- 
quiries. Is he going to wait until those 
existing power users who have steam and 
gasoline plants meet with accidents and 
then expect to have them ring up for in- 
formation? Well maybe he'll have a few 
calls, but he’ll have fewer orders. 

What must be done to obtain these 
valuable kinds of business? Educate, In- 
struct, Demonstrate, Persuade. If you 
want to sell more light, show your custo- 
mers that they need more. If you want 
to derive the increased income from the 
use of electric appliances without increasing 
your investment, you must create a de- 
mand for the appliances. If you want 
power consumers to hold your plant down 
during the daylight hours, then show the 
power users in your city the advantages 
of electric energy. They must learn of the 
convenience, cleanliness, and reliability of 
electric motor driven power. They must 
be shown the saving in insurance, interest 
and depreciation. They must have all 
these things explained and demonstrated 
to them. They must become interested, 
then anxious, then hungry. 


ELECTRIC IRONS. 


The company with which the writer is 
conccted operates in one city with a popu- 
lation of 225,000, and in seventeen other 
cities with populations varying from 4,000 
to 25,000 and has upwards of 30,000 electric 
consumers. About eighteen months ago 
it was decided to stimulate the sale of 
Electric Laundry Irons for use in private 
dwellings, some hundreds having already 
been installed in various laundries on the 
system and found to be giving great satis- 
faction. Within twelve months there were 
installed in residences over 1,600 irons, 
which were all paid for by the consumers 
using them. Careful data was compiled 
and it was conservatively estimated that 
the average monthly income from each iron 
was sixty-five cents or equivalent to $8.00 
per year. It was also apparent that those 
who had the irons were highly pleased, and, 
in numerous instances, were inquiring for 
other appliances. But many did not have 
the irons that would gladly use them, who 
could not or would not spend the money to 
buy them. Now, here is what the com- 
pany discovered: Electric irons were good 
things; day load; lighting rates; no in- 
creased plant, line, transformers or meter 
investment; average income at least eight 
dollars per year; 1,600 of them installed! 
Why not 10,000? But the people won't 
buy them! Well, let’s see! Every thou- 
sand irons out increases the annual income 
$8,000; 10,000 irons would mean $80,000! 
Just like finding it! What was to be done? 
Invest a little money. Take a little risk. 
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Loan the irons to customers who will use 
them. 

That is what our company has done. 
The first order placed was for 3,500 irons, 
and within twelve months from the time 
the plan was put into effect, the company 
will have loaned not less than 7,500 irons, 
and there will probably be in use on our 
system altogether 10,000 electric irons in 
1907. That is one way of getting new 
business and making it easy to obtain more. 


BUYING OLD PLANTS. 


One more reference to the means adopt- 
ed by the same company to obtain power 
business. It often happens that a power 
user may be interested in electricity, but 
he has his money tied up in a steam or 
gasoline engine and does not wish, or 
thinks he cannot afford to invest more. 
During the past two years our company 
has purchased such plants, in units averag- 
ing 20 h. p. each, to an aggregate of over 
1,000 h. p. These engines have been resold 
and shipped to territories away from the 
company’s lines, and their former owners 
are now invariably strong advocates of 
electric energy. But engines have only 
been purchased in this manner where there 
was no other way of obtaining the electric 
power business. - Owing to the lower cost 
of motors, most of these exchanges were 
made without loss to the company, although 
in some cases it was figured out that an 
initial loss must be met in order to obtain 
profitable and permanent power business. 


WAYS AND MEANS. 


And now we come to the question of 
ways and means. How is the public to be 
educated, instructed and persuaded? What 
is it that the new business department 
must do to begin with, and what must it 
continue to-do? The answer is: 

Advertise, 

Solicit, 

Exhibit, 

Systematize, 

Foster Existing: Business. 

The sucess of the central station is first 
dependent upon good service, but most 
of the different problems in generation, 
transmission and distribution have been 
satisfactory solved, and most managers 
know how to obtain an adequate amount of 
energy. But the limits to the sale of elec- 
tricity have not yet been sighted, and the 
more these limits are sought, the greater 
distance they seem to be away. 

The New Business Department cannot 
be divorced from the other departments of 
the company. It must, of necessity keep 
in touch with the operating and construc- 
tion ends, must be close to the accounting 
side, and in constant communication with 
the customers’ department. The manager 
of the New Business Department may not 
be an engineer, but he must have absorbed 
a considerable amount of technical knowl- 
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edge. He may not be an accountant, but 
he must know how to figure. He may not 
be a meter reader, a collector or a trouble 
man, but he-must know what are the diffi- 
culties’ in each position: And,’ above all, 
he must know the public. He must know 
its failings, its prejudices, its needs and 
its Opinions. foe 

. ADVERTISING. 


In the conduct of a New Business De- 
partment, the subject of advertising is ever 
present. It is one of the main stays, and 
must .receive careful attention.. But let us 
take it for granted that the manager: ac- 
knowledges the importance of advertising— 
the next. question is, what are. the -best 
methods of publicity? Probably more than 
any one else, the man who advertises must 
put himself in the place of those. whom he 
wishes to. reach. With this idea. before 
him, he. will undérstand how to. attract 
the attention of the public, where to place 
his advertisements, and when the psycho- 
logical moment arrives, to. produce the best 
results. . Now, advertising of any descrip- 
tion. must attain its object by a.well de- 
fined process. In the first place, it must 
attract. attention, next promote inquiry, 
then awaken desire, and finally create a 
demand. Again it is asked, what is the 
best. medium for doing all this and in- 
creasing the sale. of electricity? For the 
reason that the public cannot be all reach- 
ed in the same way, it follows that all 
honest: advertising is good. Some people 
never look at the advertisements in the 
daily papers, but ‘will eagerly scan each 
advertising; page in’ a magazine.- Others 
never see an ad. in a periodical, but. yet 
their eyes catch the notice on a bill board, 
or the card am a- street: car; 
are others too absent-minded’ to note any- 
thing on bill board or in car, but put a 
circular or letter in their hands and it will 
be read from beginning to end. Conse- 
quently, if you wish to reach every class, 
use every medium of attracting their at- 
tention. You don’t. require to go after all 
at once—but go after them somehow. . 


7 _ NEWSPAPERS. 


Newspaper advertising pays in many 
ways, its returns. being visible and invis- 
ible. It frequently happens that consider- 
able space is taken in order to propitiate 
the press. The friendship of your local 
papers is important. Foster that friendship, 
but do not neglect the space you take just 
because you think it is there always,. and 
the ad. may be changed at the. same time. 
That ‘space is valuable ‘to. you in propor- 
tion to the circulation of the paper, just 
as. the editor may be valuable to you for 
the. same reason. If your ads.:,are’ built 
tight, if they attract attention and SAY 
SOMETHING, they will help your busi- 
ness, and increase your income. It is a 
good plan. to tell one thing at a time, to 
change the copy frequently, so that it may 


‘Again, there — 
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not become stale, and to use a snappy 
concise style which will gradually draw a 
regular following of readers, who will look 
for your.ad. in the paper just to see what 
you -have ‘to say: ~ What you print will, * 
be read by consumers and non-consumers. 
Say ‘something to each. The first named 
should be using more current. Point out 
to them where they need more. The others. 
need to begin. Show them where they will 
be better off. Create the desire. You do 
not require to be an advertising expert. 
Know your own business. Be thoroughly 
acquainted: with the public needs. Talk in 
the ad. as you would to a prospective cus- 
tomer’ sitting in your office. Attract at- 
tention—then be short, direct and crisp, 
and let your words show that you believe 
in what you say and they will carry con- 
viction with them. 

Regarding the many valuable media of 
advertising other than mewspapers, the 
business manager must, of: necessity, be 
governed by local conditions and his own 
experience as to the advantage of each class. 
It is desirable to. vary the manner of pub- 
licity, but to keep at it all the time, remem- 
bering that constant drops of water will 
wear away the stone, and that indifference 
may gradually be changed to interest, and 
antagonism to friendship. 


CIRCULARS, ETC. 


The mailing of circulars separately or 
along with bills is’ a successful way of 
arousing interest, but the circulars require 
to be carefully prepared—printed on good 
paper and always artistic. Neat booklets. 
or folders should be inter-changed with the 
circulars, and each should draw attention 
to one: subject : only. Bill boards are splen- 
did for. special announcements and catch 
the eyes of. many who will not read the 
papers. He who runs may read a poster— 
and many read. and remember. Street car 
advertising is also valuable to impress an 
idea on the public. If a man is sitting in 
a car for ten or fifteen minutes and one 
of your ads. is opposite to him, he will read 
it whether he wants to or not. And if 
what you say is catchy or important, he 
wilh hot forget it; 


“FOLLOW UP” LETTERS. 


“Follow Up” letters are a dignified and 
desirable means of drawing the attention 
of selected people to a subject which should 
be of special interest, and are always pro- 
ductive of good results. These letters 
should have a personal touch to them, and 
should be. neat and attractive in style and 
diction, avoiding altogether the appearance 
of a general circular. By this means the 
individuals you wish to reach are talked 
to without chance or haphazard. 

It has been found that one of the best 
ways of.drawing attention to a subject with 
existing consumers is to use the backs of 
monthly bills. If you wish to advertise 
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electric appliances useful in a home, put 
a snappy notice on the backs of the bills. 
If you wish to have merchants consider 
window lighting, electric signs, or fans, talk 
to them briefly on the backs of their bills: 
Say something different each month. Some- 
how every man and woman will look at 
an electric bill to see the amount. When 
they see the amount let them also notice a 
bold line reading “See Other Side.” 
They'll turn the bill over and read your 
ad. That's what you want them to do. 


ADVERTISING ON BILLS. 


‘The new business manager should do his 
advertising well, thoroughly, intelligently, 
and systematically. If he cannot do it 
himself, or have some one on ‘his. staff 
who can, he had better pay an ad-smith to 
take the details of the whole matter off 
his shoulders. But let him advertise and 
do it right. 

Advertising in the electric business is 
principally to arouse curiosity and invite 
investigation. Its object is to induce the 
reader to ask questions, and prepare the 
way for getting business. But it requires 
a personal interview to close a contract; 
and the prospective consumer must either 
hunt some one up, or some one must hunt 
him up in order to bring matters to a 
desirable climax. It is a good plan for a 
representative of company to do the hunt- 
ing. The man who reads the ad. might 
have good intention, but a bad memory. 

SOLICITING. 

“The best cause requires a good pleader,” 
and the best managed New Business De- 
partmet requires good solicitors. There 
‘are some lines in which a solicitor requires 
only to be a good talker. Not so in sell- 
ing light and power. <A _ good talker is 
‘all right, but he must first be honest and 
‘straightforward. and what he says must 
carry with it the ring of truth. The solici- 
tor goes out among the public. He meets 
the people in their homes, offices and places 
of business. He does not represent him- 
self, he represents the company, and the 
public is going to judge the company by 
the action and words of the solicitor. Often 
the is the only one about the company 
whom the customer knows. _ The president, 
directors, and officers may be men of stand- 
ing—great men in the community—but the 
average customer does not know anything 
about them. He judges the officers by the 
kind of men they send out to talk to him. 
Do not think that any kind of a man can 
solicit. Have men who KNOW; men who 
can make friends; men who can mix well 
and men who wear well. 

REGULAR SOLICITORS MEETING. 

There is a great difference between a 
man coming to you to do business, and you 
going to him. The first presupposes a 
desire in him to act; the second a desire 
in you to induce him to act. Consequently, 


ing kilowatts; he is selling light. 
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solicitors should be trained and instructed. 
In this connection it is well for the man- 
ager of the New Business Department to 
gather his staff around him at least three 
times each week to discuss matters in hand, 
to answer questions and smoothe out dif- 
ficulties. New conditions are constantly 
arising which require to be met. Informa- 
tion is constantly coming in which requires 
to be distributed. Reports about new build- 
ings, new building permits and new tenants 
must be dealt with, and often a daily meet- 
ing is necessary—and advantageous. Di- 
rect solicitation is the safest and surest way 


to obtain business, and the solicitor must be 


equipped for his work. The electric com- 
pany has much to do to overcome com- 
petition, indifference and inertia, and it is 
through the solicitor that a large amount 
of this active and passive opposition may 
be removed. He must educate and demon- 
strate. He must make the public realize 
that what his company is selling is some- 
thing in which every one should be in- 
terested; something that lessens the cares 
and responsibilities of life; something that 
is superior to everything else for doing 
similar things; something that reduces 


work, lightens labor and saves their pocket- 


books from certain ravages. 
SOLICITOR’S TACTFUI. WORK. 
It is essential that solicitors should not 


be too technical in their talks with pros- 


pective consumers. There is nothing to 
be gained in befrogging a man by injecting 
into a conversation a mixture of amperes, 
ohms and volts. The solicitor is not sell- 
He is 
not selling amperes, he is selling heat and 
power. If he has acquired technical knowl- 


edge, let him forget it when talking to an 


ordinary man or woman, and he will sell 
electric current with less trouble. Those 
engaged in the electric business are apt 
to forget that the public does not know 
as much about it as they do.. It is a fact 
that a very large percentage of the com- 
munity does not know of the conveniences 
and simplicity of handling the current,— 
even when they have it for lighting their 
homes. Many people have a fear of elec- 
tricity on account of its mysterious nature; 


some thinking it as dangerously as light- 


ning. Here is where the careful work of 
the solicitor may do good every day. He 
can point out the safety of electricity in 
the home, the impossibility of upsetting 
electric lights, and, consequently, the re- 
duction of fire risk; the dispensing of 
matches where there are children and care- 
less people; the abundance of pure air, the 
saving of doctors’ bills and the convenience 
of the many wonderful electric appliances 
which are adapted for house use. 

To the merchant the solicitor points out 


the advantages of electric light for showing 


his goods. For keeping his ceilings and 
store clean; by an absence of smoke and 
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smut, for reducing the heat in summer, 
and permitting good air at all times. For 
improving the decoration of his windows 
and keeping them clean winter and sum- 
mer, so that the public may see what he 
wishes to display. And then he shows him 
the score of electrical devices which may 
be operated to advantage inside his store, 
and help him make money. And, lastly, 
the solicitor takes his merchant to the 
door and points out how and where at 
electric sign will work for him while he 
sleeps; how he can burn his name and 
business into the public mind, and how 
the company will take care of the sign, 
turn the current on and off at the proper 
times, and relieve him of all responsibility 
in the matter. 


APPLIANCE SHOW ROOM. 


The power user has much to learn, and 
to a great extent the solicitor must be his 
instructor. He goes into a factory in the 
crowded part of the city, and what does 
he; seer Probably *nity: percents otvahe 
power generated wasted and dissipated in 
shafting and belting before the machine 
commences to work. Probably ten times 
as much space as is necessary given up tu 
engines and boilers—and valuable space, 
too. Probably twice as much money invest- 
ed in the power end as there should be, 
and, consequently, twice as much interest 
and insurance, and four times as much de- 
preciation continually piling up. He prob- 
ably finds plenty of noise, smell, dirt and 
inconvenience, to say nothing of high priced 
skilled labor to keep the wheels moving. 
Little by little the solicitor can show that 
electrically driven machinery represents 
economy of power by means of direct con- 
nected units; that motors occupy little 
space and may be taken off the floor and 
stuck on the walls and ceilings; that they 
cost less than half the price of any other 
kind of power machinery; that they are 
clean, noiseless, convenient, and reliable, 
and do not require skilled labor to operate 
them. The work of the solicitor may be 
greatly aided by the company having a 
show room in which all kinds of electrical 
appliances, big and little, may be seen 
and their usefulness and convenience dem- 
onstrated. The public may thus become 
familar with the workings of the different 
apparatus, and the solicitor will have an 
advantageous place to which he may invite 
prospective consumers, and there explain 
the actual operation of what he wishes to 
sell. Too much care and attention cannot 
be given in the arrangement and fit-up of 
this room. Lamps of every size and design 
should be tastefully displayed so as to 
obtain the best effects out of each. With 
them there should be shown the current 
saving devices, and also electric motors in 
operation. The latter will help to educate 
the people to be familiar with the meter’s 
mechanism, and tend to inspire confidence. 


Then there should be specimens of all 
sorts and varieties of practical appliances 
which may be used in the house, office, 
store, and workshop. In short, a con- 
tinuous exhibition of what may be had 
in electric apparatus and what may be 
done with them. In this show room there 
should always be plenty of small booklets, 
giving illustrations and concise information 
regarding the different kinds of appliances, 
so that those inspecting them may have 
something to carry away to refresh their 
memories, and arouse the interest of others. 


ELECTRIC OFFICE DISPLAY. 


But the manager of a central station 
must show his belief in what he produces 
and sells by using freely what he wants 
OTHERS TO BUY. He preaches that an 
electric sign is the best kind of an adver- 
tisement. Does his company use one? 
He advocates a well lighted store and a 
brilliant window. But how about the com- 
pany’s office? Is there plenty of light, and 
is it burned far into the night? Has he 
electric fans, footwarmers,and radiators in- 
stalled for the benefit of employees and 
customers? What is the use of his saying 
that “trade follows the light” if he does 
not illuminate his own premises. If he has 
no electric sign over his office, what is the 
use of his preaching that the same law 
which draws the moth to the flame of the 
candle, also draws the buying public to 
the brilliantly lighted store. 


SYSTEM. 


It was Thomas A. Edison who said that 
“genius is partly inspiration, but mostly 
perspiration.” In other words, energy 1s 
what produces results. But much energy 
may be lost because it is not systematically 
applied. The manager of a new business 
department will find that system is a good 
servant for him to employ. The larger 
the business transacted, the better must be 
the system, and that system is best which 
substitutes knowledge for guess-work, and 
economize time, labor and money. ‘There 
must be system in advertising, and system 
in laying out the work for solicitors. There 
should be system in noting the results of 
advertising and the returns which solici- 
tors bring in. There will be inquiries, 
leads, and prospects, the data concerning 
which requires to be kept up to date and 
accessible. There should be system in 
handling what has to be done, and what 
has already been accomplished. System in 
noting sales, terms, proposals and contracts 
—records of buildings to be constructed, 
names of owners, contractors and tenants, 
and the particulars regarding the probable 
requirements of each. In records of 
prospective power consumers, complete in- 
formation is necessary about present in- 
stallations, kind of machinery, makers’ 
name, horse power, use and hours of op- 
eration. 
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CARE OF CUSTOMERS. 


In all branches of the New Business De- 
partment’s work, system is needed, but not 
the kind of system which becomes a tax 
and a burden. The longer he is at ‘his 
work, the longer he is dealing with the 
people, and the longer he is trying to sell 
electricity, the more will the new business 
manager be impressed with the fact that 
the best advertisement is a pleased custom- 
er, and the best possible solicitor is a 
consumer who is satisfied. All the work 
of his department is practically wasted if 
the new business taken on is not properly 
cared for. It is a regrettable fact that, as 
a rule, there does not seem to be a proper 
sympathy between the public and the elec- 
tric company. They do not seem to under- 
stand each other. The public is too liable 
to think it is being overcharged or im- 
posed upon, and the employees of the com. 
pany to think the public kicks too’ much. 
And the fact is still further to be regretted 
because the companies are largely re- 
sponsible for this condition. Employees are 
not trained to be courteous and polite, to 
put themselves in the customer’s place, and 
understand why they ask questions about 
what they do not know, and why they 
“kick” when those who are taking their 
money do not give them proper attention 
and civil answers. The importance of this 
subject cannot be over estimated, because 
it is up to the company to do everything 
possible to establish and maintain friendly 
relations with its customers. The New 
Business Department must be backed by 
good service, and “good service” only be- 
gins with the production of the current. 
Good service requires that there should 
be polite and attentive clerks, collectors, 
meter readers, and trouble men; that com- 
plaints shall be listened to and promptly 
investigated, and the settlement of disputes 
and adjustment of claims shall not be side- 
tracked and postponed beyond reason. The 
very existence of a company depends upon 
the good will of its customers. 


GOOD SERVICE. 


The agents of the New Business Depart- 
ment go out after business. They approach 
a man in his own house or office, and then 
it is that a man is liable to talk freely of 
how the company has treated him. If the 
treatment has been bad, the agents chances 
of doing more business are very slim. If 
the treatment has been good, the chances 
for more business are excellent. Again 
it is pointed out that the best means for 
advertising a business is to be advertised 
by its friends. If a man is a consumer, 
look after him. If he has a complaint or 
is in trouble, give his case immediate at- 
tention. His general opinion may be that 
corporations have no souls, but he will 
find that individuals in the corporations 
have, and it is by the work of the in- 


dividuals that he is going to. judge your 
particular corporation. If a man is a power 
user, he is depending on that power to help 
him earn his daily bread. He may have 
a large number of employees, or he may 
be operating a motor by himself. In either 
case, if the power goes off, or some trouble 
occurs with his service, he is put to in- 
convenience and expense until the trouble 
is rectified. As a rule when he has trouble 
with his motor or service, the first thing 
he does is to call up the electric company. 
The first thing the electric company should 
do in stich a case, is to give this man’s 
trouble the right of way. Whether the 
cause of the trouble is the fault of the 
company or the consumer does not much 
matter; the fact that the consumer is shut 
down is sufficient reason to see that he 
may be running again as quickly as pos- 
sible. It is this kind of treatment that 
makes friends for the company. It will 
be found that one of the most successful 
ways of convincing prospective power users 
that the energy you have to sell is the 
energy they need, is to take them to plants 
which are being operated by electric power 
for similar purposes to what they would 
use it. Then have these consumers who 
have been using power for sometime tell 
the prospective customer how electricity 
works; what are the advantages and 
troubles (if any) and what is the cost of 
operation. The prospective customer is 
liable to think that the agent of the com- 
pany is prejudiced, and you cannot blame 
him. Besides, the man who is trying to sell 
him a steam or gasoline plant has probably 
told him something just the opposite to 
what your agent has said. But if he is 
going to run a machine shop, or a planing 
mill, or a foundry, or a peanut stand, take 
him or send him to some of vour customers 
who have been running similar plants with 


your electric power. 


RESULTS. 


However, results are the best test of all 
work, and there is nothing problematical 
about the results to be obtained by a New 
Business Department if it is operated with 
Diligence, Intelligence, and Perseverence. 
Let the department manager cultivate 
among his assistants a spirit of pride in the 
work. Let him encourage and _ enthuse 
them, so that a healthy emulation may 
exist; an emulation to excel each other for 
the benefit of the company’s business, and 
to pull together, so that the successes of 
to-day may be but the stepping stones for 
the achievements of to-morrow. Let there 
be politeness, attention, and courtesy in all 
makes and at all times, and under such 
conditions the central stations will surely 
prosper and the tiny stream of new business 
which once had to be coaxed and per- 
suaded, will eventually begin to flow as a 
river, and continue to grow in force and 
volume day by day. 
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Review of the Technical Press 


AMERICAN ITEMS 


Tue Ligutinc or Larce Pusiic Rooms. 
By J. R. Cravath and V. R. Lansingh— 
Electrical World, July 7, 1906. 


The article is illustrated with a con- 
siderable number of photographic reproduc- 
tions of well known buildings. The gen- 
eral instructions for the lighting of such 
buildings is as follows: 

“In the lighting of hotel lobbies, large 
railroad depots, main floor halls of large 
buildings, etc., the object to be attained is 
a general cheerful effect, good illumina- 
tion on the floor, and absence of glare. 
Glare in such places invariably looks crude 
and cheap. Its only legitimate use is in 
cheap advertising by electric light. The day 
has passed when it is to be tolerated in 
high-class buildings. The object should be 
to produce a brightly lighted and cheerful 
effect without bringing the sources of light 
into glaring prominence.” 

The union. depots at Indianapolis and 
at Pittsburg are shown as illustrating the 
old and new practices in lighting, the 
former being “lighted with enormous and 
elaborate chandeliers hung high from the 
middle arch, while the latter is lighted in 
an unusual but very effective manner by 
means of six glower Nernst lamps hung 
in the space between the first and second 
skylights. The result is an excellent dif- 
fused light coming through the skylight 
giving the same effect as when the. room 
is lighted by daylight. The effect of the 
lighting is on the whole extremely good 
and one can easily read anywhere, a de- 
sirable quality in a waiting room.” The 
illumination’ of several prominent hotel 
lobbies is then critically’ reviewed. »In de- 
scribing the lighting of a theater lobby 
they say: A ibs 

“The lighting is done by upright bracket 
fixtures equipped with ground glass’ globes 
and basket “fixtures hanging from chains. 
The greater part of the lighting is done by 
the bracket lamps. The principal thing to 
avoid in a location of this kind'is the use 
of opaline globes, which do not diffuse the 
light to any extent and which show the 
lamp filaments through the glass, these fila- 
ments having a sickly red hue and produc- 
ing a general crude effect out of keeping 
with the’ surroundings. Globes selected 
for use in such a place should either be of 
frosted or sand blasted, or a_ sufficiently 
dense opal employed so that the lamp fila- 
ments will not show through.” 

The lobby of the Hotel Jefferson, in 


lines is of considerable importance. 


St. Louis, is given as a good example of 
indirect or diffused lighting. On indirect 
lighting they further say: 

“In the ladies’ parlor of this same hotel, 
which is lighted the same way, there are 
65 10 c..p. lamps... The room 14s ‘oval in 
shape, being 34 ft. 8 in. long x 26 ft. 6 in. 
wide. The area is 645 sq. ft. If 56 watt 
lamps are used, the current required would, 


therefore, be about 5.6 watts per square 


foot as against about 2.5, which would 
ordinarily be ample for a room of this 
character with direct illumination.” Sev- 
eral other examples of hotel lobby light- 
ing are given. 





A New MeruHop or Assortinc INCANDES- 
CENT Lamps Accorpinc to Ace. By Dr. 
Clayton H. Sharp.—Electrical World, 
July 7, 1906. 

A paper dealing with the problem con- 
fronting central stations as to the disposi- 
tion to be made of returned lamps. Such 
lamps are thus classified by the writer: 

“To all electric lighting companies prac- 
tising the system of free replacements of 
incandescent lamps, the proper assorting of 
the lamps which are returned from ss 

x- 
perience shows that if all returned lamps 
were reckoned as useless, the companies 
would suffer material losses by destroying 
lamps entirely suitable for useful service.” 
It is stated that: ) 

“The assorting may be planned simply 
to show whether or not a lamp should be 
returned to the lines for normal service, 
or it may be more discriminating. It may 
divide the lamps into classes, such as (1) 
those suitable for further service under 
normal conditions; (2) those which have 
decreased further in candle-power but 
which are still useful for certain purposes 
where high candle-power is not of first 


importance, e. g., their bulbs may be color- 


ed; (3) those which have so nearly finish- 
ed their useful life that it is not desirable 
to make further use of them.” 

The following method is described as 


followed by the Electrical Testing Labora- 


tories : 
“The series of lamps having all degrees 


‘of blackening from the faintest to the 


densest was selected. These were dis- 
tinguished by numbers up to 9. The 
blackening of any lamp is determined by 
locating it in these series and is designated 
accordingly. 
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“To facilitate this determination the 
scale lamps are placed upright in front of 
a ground glass screen which is uniformly 
illuminated from behind. Spaces are left 
between the scale lamps so that an un- 
known lamp can be interpolated anywhere 
in the series. By comparing this lamp 
with the lamps on either side it is easy to 
determine whether its proper position in 
the series can be found.” ae 

“The bulb blackening gives directly the 
percentage of its useful life which a lamp 
has spent. It is also independent of the 
efficiency at which the lamp has _ been 
operated. The lamp alone tells its own 
complete story without reference to initial 
or intermediate conditions.” 

Experiments were carried out to de- 
termine whether this scale of blackening 
could be used in place of photometric 
measurements. The results obtained show- 
ed that the method was quite satisfactory 
in selecting lamps above 15 candle power 
and below 14 in which the error was with- 
in 10%, but in selecting lamps between 14 
and 15 candle power the error was much 
larger, being about 30%. The method is, 
however, much easier and quicker to carry 
out than photometric measurements. 

“It is of interest to know what the 
different steps in this blackening scale are 
numerically equal to. To determine this, 
the percentage of light absorbed was 
measured on a photometer. Several sets 
of lamps corresponding to the steps of the 
blackening scale were selected. Each of 
these was placed in the photometer rotator 
with a tubular lamp behind it. The per- 
centage of light transmitted was thus de- 
termined. Similar measurements were 
made on new lamps to determine what 
portion of this light was intercepted by 
the clear glass and what portion by the 
carbon coating. After this had been done 
the bases were removed from these lamps 
and the absorption of one thickness of the 
lamp was measured by putting the minia- 
ture lamp inside the empty bulb. The 
results of preliminary measurements are 
shown in the curve of Fig. 2. It will be 
seen that this curve is nearly a straight 
line for the lower members which cover 
the ordinary range of returned lamps. 
These results are subject to revision. 

“An interesting conclusion from the 
above is that in round numbers 50 per cent. 
of the decrease in candle power of a lamp 
is produced by bulb blackening and 50 per 
cent. by changes in the filament.” 





ReswwENcE LIGHTING AND OTHER CENTRAL 
SraTtion Notes FROM CLEVELAND.—Elec- 
trical World, July 7, 1906. 

“The Cleveland Electric Illuminating 
Company has recently been carrying out 
some very interesting policies in connec- 
tion with the extension of its business 
aomng residences and apartment houses. 


Special attention is being given to this 
class of work on the theory that a resi- 
dence one well equipped for electric light 
will always be a good customer not likely 
to go over either to. natural or artificial 
gas. A great effort is at present put forth 
by the company to see that residences are 
conveniently wired and that they are 
equipped in accordance with sound illumi- 
nating engineering principles. This is 
thought to be of vital importance in the 
growth of the residence business. Some 
of the older residences and apartment 
buildings wired for electric light had 
chandeliers so arranged and equipped with 
types of glassware that reckoned economy 
impossible, with the result that the oc- 
cupants of such buildings are not so 
enthusiastic about electric lighting as they 
would be if the lighting had been well 
planned. The company does not do resi- 
dence wiring, but acts in an advisory 
capacity for many of its customers when 
their houses are being wired. No charge 
is .made for this expert advice. The 
architects of Cleveland have learned that 
the company’s specialists can lay out wiring 
arrangements much better than they can 
themselves, and they gladly turn over the 
planning of such matters to the company, 
thereby relieving themselves of this work. 
This is an unusual condition of affairs, and 
it is, of course, brought about by the com- 
pany’s willingness to give its services free. 
While it costs the company something, it 
is believed that it is the best way to secure 
satisfactory customers in residences and 
apartment buildings, and in that wey the 
surest means of building up this class of 
business.” 


RARE EARTHS AND ELECTRIC 
ILLUMINANTS 


By Murray C. Breese. 


From the Wisconsin Engineer. 


As scientists and engineers have come 
to a realization of the inefficiency of exist- 
ing methods of illumination, the problem 
of improving upon these inefficient methods 
has received considerable attention. While 
the element carbon has heretofore been al- 
most exclusively used commercially in 
both arc and incandescent lamps, the rare 
earth oxides, so-called, have recently been 
found to possess desirable properties for 
use as illuminants. 

You are already familiar with the work 
of Auer von Welsbach in producing gas 
mantles of thoria and ceria. To use the 
rare earths, in electric illuminants was a 
logical step. However, the problem pre- 
sented difficulties not encountered in the 
production of a serviceable gas mantle. 
We should remember that an electric il- 
luminant, to be an improvement over the 
Edison or carbon-filament lamp in the mat- 
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ter of efficiency, must be capable of with- 
standing a higher temperature than the 
carbon filament for a length of time suff- 
cient to make it commercially attractive. 
One might at first suppose that it would 
be difficult to improve upon the carbon 
filament in the matter of efficiency, or the 
ability of the filament to operate commer- 
cially at a very high temperature, since 
the carbon is practically. infusible while the 
rare earths: ares fusible in a carbon.arc: 
Carbon, however, slowly vaporises at the 
temperature at which it operates in the in- 
candescent lamp, and, finally, after 400 to 
600 hours, has depreciated in light-giving 
power to such an extent that it 1s an 
economy to replace it. It is the vaporising 
properties rather than the melting points 
of the materials with which we are con- 
-cerned in this problem. It has long been 
known that substances which are common- 
ly regarded as insulators, such as glass and 
porcelain, become quite good conductors 
of electricity at higher temperatures. 

Prot, “bul. in. 1854, read a .paper. «0 
the Conductivity of Heated Glass _ for 
Electricity,” and Faraday’s “Researches” 
give a number of examples of such con- 
ductors. Jablochkoff attempted to use re- 
fractory. “materials, such “as°) lime, to 
separate and insulate the carbon electrodes 
of his Jablochkoff candle. 
that these supposed insulators in reality 
became conductors, and emitted light by 
virtue of the current passing through them 
from one electrode to another. He even 
designed terminals with which to carry the 
current of electricity to the lime conductor, 
with the idea of making a lamp based upon 
this principle. It is probably safe to say 
that had it been possible to produce elec- 
tricity as cheaply then as now, lamps of 
the Nernst type would have been known 
commercially much sooner than they were, 
for Jablochkoff’s persistent attempts at 
commercial exploitation were baffled large- 
ly by the undeveloped state of electrical 
engineering. 

That the rare earth oxides are exceed- 
ingly refractory and do not readily vapor- 
ise at a high temperature makes the Wels- 
bach mantle possible; that some of these 
oxides will conduct electricity when hot 
makes the Nernst lamp possible. Of all 
‘the oxides which conduct electricity, but 
few are refractory enough for an efficient 
filament or glower. It was in determining 
the most desirable of these and in fixing 
the best proportions to use that Nernst did 
his greatest work in the development of 
the Nernst lamp. Ordinary red iron oxide, 
when formed into filaments and baked, will 
conduct electricity at ordinary tempera- 
tures, but such filaments do not withstand 
sufficiently high temperatures to be used as 
light sources. Magnesia and thoria, on the 
other hand, withstand exceedingly high 
temperatures, but these conduct electricity 


He soon found , 
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only with great difficulty. In general, 
mixtures of two or more oxides conduct 
better than a single oxide, and, in turn, the 
fusing point of the mixture is lower than 
that of either oxide alone. It seems that 
the vaporising point is not necessarily 
lowered, judging from the fact that thoria 
and the small amount of ceria used in a 
Welsbach. mantle form quite a stable mix- 
ture, or possibly a chemical combination, 
while ceria alone or uncombined has a 
rather marked tendency to vaporise. 

It would be a long story to take up the 
various properties of all’ the raremeartn 
oxides and the possible combinations with 
one or more of the others. A ‘mixture 
which is used largely in lamps of the 
Nernst type is composed of 85 per cent. 
zirconium oxide to I5 per cent. of yttria 
earths. Zirconium is not properly classi- 
fied among the rare earths, though it is 
customary. to do so. The term “yttria 
earths,” as used here, means in reality a 
mixture of many oxides occurring together 
in certain minerals and closely allied in 
physical and chemical properties. Zirconia 
was used in comparatively large quantities 
for the first Welsbach mantles, and hence 
considerable attention had been given to 
various methods of producing it for such 
use. While many of the experimental 
glowers were made from zirconia brought 
from chemical supply houses, it was im- 
possible to obtain uniform results from 
such material. Good zircon ore, which is 
a zirconium silicate, occurs in abundance 
in Henderson County, North Carolina, and 
this ore contains about 60 per cent. ot 
zirconium as oxide. By treating this ore 
in the following manner quite uniform re- 
sults are possible. 

The ore is ground very fine in a ball 
mill and mixed with twice its weight of 
crude acid potassium fluoride. This is 
placed in an ordinary graphite crucible and 
heated slowly until thoroughly fused, and 
the ore is completely dissolved. The fused 
mass is then ground and dissolved in hot 
water containing a quantity of crude hydro- 
fluoric acid equal to about one-tenth the 
weight of the fused mass. ‘The silica re- 


mains undissolved as potassium  silico- 
fluoride (K.S Fe), and the potassium 
zirconium fluoride (K2ZFes) is drained 
off while boiling hot into a_ silver- 


lined vessel. Upon cooling, the filtrate 
develops crystals of potassium zirconium 
fluoride, and, doubtless, small quantities of 
other elements in similar crystalline form. 
Iron and many other impurities which are 
present in the ore, or have been introduced 
by the use of the crude reagents, remain 
in the liquor which is drained from the 
crystals. The crystallising process may be 
much hastened by artificial cooling. Rins- 
ing the crystals with cold water is likewise 
beneficial in removing all the mother- 
liquor. The crystals are gathered and 
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fused in a platinum dish. By this means 
any silica present seems to be vaporized, 
and other impurities, like titanium, are 
made insoluble. The fused mass is ground 
and dissolved in hot water, and crystallized 
as before. A few of the first crystals are 
removed, or, instead, alcohol may be added 
to the solution until a small amount of 
crystalline precipitate is formed. These 
first crystals contain much of the undesir- 
able impurities. ‘They are, therefore, re- 
moved and the crystallizing process is 
continued. The pure crystals are then dis- 
solved in hot water, and the solution is 
made rather acid by the addition of pure 
hydrofluoric acid. Ammonia is now care- 
fully added to the hot solution until a small 
amount of precipitate is formed. If the 
solution of the crystals has been been made 
acid, the addition of ammonia, even until 
alkaline, will precipitate iron and some 
other foreign metals, but will leave the 
zirconia in solution until it is cooled and 
diluted. This method was found to be 
an exceedingly simple one for removing 
iron from zirconia, which by other methods 
is a troublesome operation. The hot 
filtrate, after removing the precipitate of 
iron, is dropped directly into a _ cold 
ammonia solution, which at once precipi- 
tates zirconia aS a hydroxide. Up to this 
stage of the process it has been necessary 
to use vessels and utensils not affected by 
hydrofluoric acid. The last precipitation 
may be made in glass or wooden recep- 
tacles. The precipitate is washed several 
times by decantation, and then pressed out 
on suction filters, and, after a thorough 
drying by heat, is powdered and sifted 
through fine bolting cloth, and is then 
ignited in a platinum dish with a very 
gradually increasing temperature and with 
constant stirring. The ignition process re- 
quires several hours, or sometimes days, 
the final temperature being a good red 
heat. Traces of silica are removed by 
this operation. 

The physical condition of the precipi- 
tate is dependent to a great extent upon 
the amount of hydrofluoric acid in excess. 
When precipitated from an almost neutral 
solution, the precipitate dries into hard 
pieces translucent in appearance, and which 
are difficult to-pulverize. With the greater 
excess of acid the material dries in lumps 
resembling starch, in which condition it is 
much more suited to our purpose. The 
zirconium made by this process seems to 
be reasonably pure. Special precautions 
must be taken to keep out dirt, and to 
that end it has been found advantageous 
to purify the air admitted to the rooms 
where the glower materials are prepared, 
by passing it through a water spray. An 
absolutely pure zirconia is not required, 
and though a trace of silica improves the 
efficiency and seems to diminish the initial 
depreciation of candle-power of a glower, 


it is a dangerous element to have present, 
for slightly more than a trace will cause a 
rapid change in potential difference at the 
glower terminals, besides causing a lack of 
uniformity in the behavior of the glowers 
of one batch, due to the fact that the 


_ silica becomes unevenly distributed among 


the glowers by vaporization and condensa- 
tion occurring in a roasting process, which 
will be described later. 

Although the purest materials make the 
best glowers for direct current, it cannot 
be said that an absolutely pure zirconia 
is desirable for alternating-current glow- 
ers; in fact, it seems that good alternating- 
current glowers require the presence of 
certain impurities, though in _~— small 
amounts. Silica is particularly undesir- 
able in direct-current lowers. In gen- 
eral, a glower which operates well on di- 
rect current, showing almost no change in 
potential difference, will show a greater 
change when operated upon an alternating- 
current circuit. The purity of the zirconia 
may be controlled to some extent by the 
number of times the material is crystallized 
during the purifying process, though each 
operation is attended with some loss of 
material. Physical properties are quite as 
important as chemical properties, and the 
procedure above described was evolved to 
give proper physical as well as chemical 
properties to the material. After all, the 
real test for the glower material lies in its 
ability to make good glowers. Test 
glowers have been made from hundreds 
of lots of zirconia, and these, together with 
careful chemical records of each lot, have 
been the guide in developing the chemical 
process necessary for the production of 
good glowers. For direct-current glowers 
a crystallizing process is also considerably 
used, but from a solution of zirconia in 
hot dilute hydrochloric acid. After two 
or three such crystallizations it is neces- 
sary to precipitate from a hydrochloric 
acid solution, as in the first process, to get 
the material into proper physical shape. 

As to the yttria used, this is principally 
obtained from the minerals gadolinite or 
yttrialite. Gadolinite is found in Norway 
and Sweden, and also in Llano County, 
Texas. , The Texas deposit seems to be 
confined in a very small district, and there 
is every evidence that it is the result of 
a volcanic eruption. It is found in crystal- 
line form associated with yttrialite, cyrto- 
lite, fergusonite, rowlandite,  allanite, 
thorogumite, and other minerals. The ores 
from the Llano County district are radio- 
active, and the presence of a pocket in the 
surrounding quartz and feldspar is gen- 
erally indicated by bluish discolorations 
radiating from the pocket through some 
distance into the surrounding matrix. -It 
is also claimed that the ores, particularly 
the thorogumite, contain small quantities 
of confined helium gas. Gadolinite con- 
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tains, roughly, 42 to 45 per cent. of yttria 
€arths, 23) per cent "Ol ecllicas 113 wperucent: 
iron as. Oxide, sand .0" tos iz, pet cent won 
beryliia. Yttrialite” contams "43 to> 47. sper 
cent. yttria earths, 30 per cent. silica, 5 to 
6 per cent. ceria, didymia, and lanthan, as 
when as small percentages of urania. 
Fergusonite contains 32 to 42 per cent. 
yttria earths and 32 to 46 per cent. colum- 
bic oxide. Rowlandite contains 47 to 62 
per cent. yttria earths, 26 per cent. silica, 
and small percentages of iron and mag- 
nesia. Allanite contains 20 per cent. ceria 
and didymia, with a small percentage of 
yttria earths and considerable percentages 
of iron, calcium, and aluminium. 

It is a comparatively simple matter to 
obtain and purify the yttria earths from 
gadolinite and yttrialite so that they are 
suitable for glower making. About 1,000 
grm. of ground ore are dissolved in crude 
aqua regia. The residue is filtered off and 
the solution evaporated to dryness, repeat- 
ing this operation several times or until all 
the silica is removed. The neutral solution 
is then diluted to several litres, and the 
addition of a hot solution of oxalic acid 
to the hot solution containing the earths 
brings down the rare earths as oxalates, 
leaving iron and other impurities in solu- 
tion. The oxalate is washed thoroughly 
with hot water and ignited, and the crude 
yttria earths are dissolved in dilute hydro- 
chloric acid, just sufficient in amount to 
dissolve the oxide. To the rather dilute 
and neutral solution, which is cold, crystals 
of potassium sulphate are added in excess. 
After standing 24 hours the cerium group 
has been quite thoroughly separated as 
double sulphates and the filtrate is then 
treated with ammonia to bring down the 
hydroxides of the rare earths, thus freeing 
them of the great excess of potassium 
sulphate. “The washed precipitate is dis- 
solved in a quanitity of pure hydrochloric 
acid, just sufficient to dissolve it, and 
treated with boiling oxalic acid solution 
as before. This brings down the rare 
earth oxalates in sufficiently pure form. 
The oxalates are thoroughly washed with 
hot water and ignited, and any remaining 
potassium is separated from the ignited 
oxides by washing upon a filter with hot 
water. Wath. the ytitia, as well as the 
zirconia, physical properties are important, 
and the oxalate method gives an exceed- 
ingly fine precipitate which requires no 
mechanical treatment. 

Experiments indicate that the yttria 
earths of the greatest atomic weights give 
the most satisfactory results in glowers. 
In other words, ytterbia is better than 
yttria. . Owing, .- however, to’the great 
difficulty of separating the yttria earths 
from each other, which is possible at 
present only by laborious fractionation 
processes, entailing great losses, not much 
has been done commercially toward using 
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the higher atomic weight yttria earths be- 
yond selecting ores which are rich in these 
earths. The Llano County ores seem to be 
superior in this respect to the foreign ores, 
the atomic weights being from yttrialite 
I15, rowlandite 107, fergusonite 103, and 
gadolinite 100, while the foreign ores may 
be as low as 90 or 92. ‘The zirconia and 
yttria earths mixed in the proportions 
given above—namely, about 85 and I5, or 
go and 10, and about 5 per cent. of. starch 
or gum tragacanth—are thoroughly mixed 
and kneaded into a hard dough and squirt- 
ed by pressure through a die of proper 
size, -This string, as it may: be called; 41s 
dried and then broken into suitable lengths, 
which are roasted to an intense white heat 
in a.platinum.: box. ©The pieces: are then 
ready to have terminals placed upon them. 
A Nernst terminal is made by winding 
stranded platinum wire about the end of 
the stick of material and pasting over 
with a paste composed of ground glowers 
and zirconium chloride, thus forming a 
hard cement. The Hanks terminal has the 
platinum embedded in the glower material, 
the operation being carried on by the aid 
of an electric arc in which the glower ma- 
terial is fused. 

It appears from extended tests that, with 
the zirconia and, yttria~ “mixtures; the 


‘Nernst terminal is not at all satisfactory 


for operation upon alternating-current 
circuits, considered commercially; and, 
likewise, the embedded terminal is equally 
unsatisfactory for operation upon direct- 
current circuits. It appears that for opera- 
tion upon direct current that the oxygen 
liberated at the positive terminal must 
have free outlet from the terminal. Upon 
alternating current the reverse seems to be 
true; this statement being based in part 
upon the fact that the Nernst terminal 
operates more satisfactorily upon alter- 
nating current if it is carefully painted 
over a great number of times with a special 
glaze which covers the platinum wire en- 
tirely over with a dense non-porous coat- 
ing. It appears certain that the mode of 
conducting the current is partly electro- 
lytic in character. The specific resistance 
varies with the relative proportions of the 
constituents. In order to obtain glowers 
of the same specific resistance when using 
yttria earths of high atomic weights as 
when low atomic weight earths are used, 
it is necessary to have the presence of 
higher atomic weight materials in  pro- 
portion to the atomic weights. 

The accompanying curves (Fig. 1) show- 
ing the relation of starting temperature to 
percentage composition, are instructive in 
this connection. Ordinates to these curves 
represent temperature in degrees C., while 
the abscisse show the varying proportions 
of yttria earths in the composition. It 
will be noticed that there is a well-defined 
composition of maximum conductivity in 
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each case, this maximum occurring at the 
higher percentage of yttria earths in the 
case of those glowers in which the earths 
of higher atomic weights are used. Also 
there is a distinct advantage in the use of 
the higher atomic weight yttria earths, in 
that the lowest starting temperature is 
obtained by the use of yttria earths of the 
higher atomic weights. Tests have also 
shown that at equal efficiencies, measured 
in watts per candle- -power, the glowers 
made with the higher atomic weight yttria 
earths also have correspondingly longer 
life. Upon direct-current circuits the 
positive end of the glower generally runs 
much hotter than the negative end, and a 
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tion and recombination do take place to a 
considerable extent, but is it possible to 
account for the entire transport of current 
in this way? The assumption that the 
current is all carried in this way seems 
unnecessary in view of what is known of 
the power of highly incandescent bodies 
to ionise air to render it conducting. The 
air in the neighborhood of a glower is 
conducting, and to such an extent that the 
leakage currents from glower to heater 
had to be reckoned with early in the ex- 
perimental work, and the difficulty was 
obviated by the use of a double-pole cut- 
out which disconnected the heaters com- 
pletely from electrical connection with the 
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FIG. I.—RELATION OF STARTING TEMPERATURE TO PERCENTAGE COMPOSITION. 


black discoloration appears at the negative 
end, especially if impurities are present. 
In fact, this is one of the most certain 
indications of the presence of an impurity, 
especially silica. A glower operated in 
vacuum soon destroys the vacuum, prob- 
ably due to oxygen gas liberated by elec- 
trelytic- action. That all the® current 1s 
carried by electrolytic means seems in- 
credible, for the current carried per 
square unit of cross-section is far greater 
than can easily be accounted for by our 
usual conceptions of electrolytic laws. 
For example, upon direct current and 
calculated by electro-chemical equivalents 
the entire glower would be decomposed 
into its constituent elements in a very few 
minutes. Doubtless electrolytic decomposi- 


remainder of the lamp after the glowers 
started. 

In connection with these speculations as 
to the real nature of the process by which 
the current traverses the glower, it is a 
fact that glowers which have operated for 
even a short time upon direct current will, 
when the current strength is diminished 
sufficiently to maintain the glower at only 
a good red heat, explode with considerable 
violence. The ionisation of the surround- 
ing air at low temperatures is insufficient 
to conduct the current. The means of 
conducting the current then being largely 
electrolytic in character, the combination 
of the products of electrolytic decomposi- 
tion cannot so readily take place, since 
the ions cannot so readily diffuse at the 
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lower temperature to recombine, and con- 
sequently disruption occurs. The sugges- 
tion that has so often been made—namely, 
that the current be reversed in direction 
at intervals, as, for instance, every time 
the lamp is started—is altogether imprac- 
ticable for the reason that a grower once 
operated upon direct current must never 
have its poles reversed, for a_ reversal 
means almost instant disruption. The 
potential difference across the terminals 
of the glower immediately after such a 
reversal is much lower, indicating some- 
thing analogous to polarization effects as 
we know them in aqueous electrolytes. 

In general with the Nernst terminal, 
the potential ditference across the glower 
at the normal current value is the same 
with alternating or direct current. With 
the Hanks terminal, or embedded type, 
the potential difference with direct current 
may be as much as 20 volts lower. ‘The 
life of the alternating-current glowers is al- 
most directly proportional to the frequency 
at the commercial frequencies from 25 to 
133 cycles per second, again suggesting elec- 
trolytic conductivity—at least, in part. 
Some tests are now being made to deter- 
mine the behavior of such glowers when 
operated at much higher frequencies. It 
would seem that electrolytic decomposition 
should almost, if not entirely, disappear at 
the higher frequencies, in which case there 
is the possibility of satisfactorily operating 
the glowers in vacuum, resulting in a de- 
cidedly better efficiency, perhaps twice 
what is now attained in the Nernst lamp. 
Operated in vacuum, a blue aurora, or 
luminous haze, surrounds the glower 
operated either upon direct of alternating 
current, and this has been thought to be 
due in some way to (zirconium or yttrium) 
recombining with the slight amount of 
oxygen liberated. This idea seems plausi- 
ble from the fact that objects such as wire 
or giass near the glower become coated 
with a white deposit of the glower oxides 
i a comparatively short time, and the re- 
sistance of the glower increases rapidly. 
It would seem that oxygen necessarily 
plays a part in conducting the current, for 
a glower in an atmosphere of hydrogen or 
nitrogen behaves similarly to the one 
operated in vacuum. In carbon monoxide 
or dioxide the glower exhibits the same 
characteristics as in air. The glower 
operated in vacuum exhibits a peculiar 
sluggishness in responding to changes in 
voltage at its terminals. The small glow- 
ers, up to 0.5 ampere, are made solid in 
cross-section, the larger ones are generally 
made tubular, and, in fact, one-ampere 
glowers must be made so. The reason for 
this is not that greater efficiency is sought 
by increasing the ratio of surface to volume 
(which is, of course, a fallacy), but inas- 
much as the glower possesses a decided 
negative temperature coefficient with re- 


spect to electrical conductivity, the center 
of a large solid glower would become 
molten before the outside surface reached 
an efficient temperature, the center being 
the better conductor. Glowers which have 
been greatly overrun often exhibit this 
truth by the appearance of.a nodule of 
molten material which has spurted out to 
the surface. The decided negative temp- 
erature coefficient is well illustrated by the 
fact’-that.-a thin’ flat strip. of the glower 
material, provided with the proper termi- 
nals, will conduct current along one edge 
while the remaining parts are comparative- 
ly cool and non-conducting. A commer- 
cial glower must operate at a high temp- 
erature in order to be efficient.’ Nernst 
glowers operate at about 2,300 deg. C., it 
is supposed from determinations made by 
photometric means, and at about twice the 
efficiency of a carbon incandescent lamp. 
The spectrum of a glower is a continuous 
one, and no evidences of selective emission 
are noted in any particular region of the 
visible spectrum. 

During the life of the glower, which 
averages about 800 hours under normal 
conditions of manufacture and _ voltage 
regulation, a depreciation of candle-power 
takes place, due to a number of causes. 
In the first place, all oxides of the rare 
earths do depreciate rather rapidly in light 
intensity per unit of surface at any given 
temperature. This is true whether heated 
by gas or electricity, and a platinum plate 
coated on one side with rare earths and 
heated from the rear by an oxyhydrogen 
flame behaves similarly. It is an inherent 
property of these oxides, and a deprecia- 
tion of IO or 20 per cent. may occur during 
the first hour. There is then a slow dimi- 
nution of intensity of light, also inherent, 
and seemingly accompanying the tendency 
of the glower to change from an amor- 
phous to a crystalline structure. A rise 
of potential difference across the glower 
terminals is usual, though it is possible to 
counteract this tendency, at least, in part. 
The effect of a rise in potential difference, 
obviously, is to diminish the intensity of 
light by permitting less current to traverse 
the glower running on a current-potential 
circuit. With carbon incandescent lamps 
the useful life or “smashing point” is con- 
sidered to be that number. of lamp hours 
during which the candle-power decreases 
20 per cent. from the initial candle-power. 
Nernst lamps are similarly rated, counting 
as initial candle-power that measured after 
the initial decrease above mentioned. An- 
other cause of the depreciation in candle- 
power is blackening of the enclosing glass- 
ware and reflecting surfaces. In this con- 
nection the blackening is due largely to 
platinum which has been vaporized and 
deposited upon these surfaces. It has been 
found that the purest platinum is far bet- 
ter than that containing iridium or others 
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of the platinum group, since pure platinum 
vaporizes much more slowly than alloys 
with these other metals. To produce uni- 
form chemicals and. glowers in which the 
tendency to depreciate in light intensity 
and to increase in potential difference 
shall be a minimum makes the problem 
intricate and fascinating, and still worthy 
of much study and investigation. 

Curiously enough, not the least of the 
problems to be solved in the development 
of the Nernst lamp was to overcome the 
tendency of porcelains to conduct elec- 
tricity, the very property which in the 
case of the rare earths made such a lamp 
as the Nernst possible. A heater is neces- 
sary to start the glower. The heater is 
made by winding fine platinum wire upon 
a porcelain tube. It was necessary to 
produce a suitable porcelain which would 
withstand the high temperature required 
and, at the same time, not conduct elec- 
tricity. A porcelain composed of kaolin, 
alumina, and silica is sufficiently refractory 
and porous to withstand the heat, and is 
an almost perfect non-conductor at high 
temperature. The porcelain piece upon 
which the glowers and heaters are mount- 
ed is also of the same composition. An- 
other form of heater, used more abroad 
than in this country, is helical in shape, 
and the glower is mounted in its axis. 
This is made of pure kaolin, and after 
squirting into tubes about a millimetre in 
diameter, winding with fine platinum wire 
and covering over the wire with paste, the 
small tube is bent into a helix upon a 
mandrel, a pointed blow-pipe flame playing 
upon the kaolin tube at the point where 
it bends on to the mandrel. 

As to the possibilities of self-starting 
filaments, many oxides will conduct at 
room temperature. A mixture of iron and 
tin oxides, about 70 iron to 30 tin, will 
start without preliminary heating and 
withstand rather a _ high’ temperature. 
There are many other smaller combina- 
tions; likewise other possibilities exist, 
such as carbides, silicides, and _ borides, 
operated either in vacuum or gases. A 
Nernst glower may be made to conduct 
the current at low temperatures by run- 
ning it for a short time in a rarefied atmos- 
phere containing a carbon gas. If to a 
globe in which a glower is operating in a 
good vacuum an amount of hydrocarbon 
gas is admitted sufficient to lower the 
vacuum even less than a millimeter, the 
potential difference across the terminals 
of the glower will decrease rather rapidly, 
and in the interval of a few minutes, or 
even seconds, and the glower will have 
become a conductor when cold, or, in 
other words, seli-starting. 

The following experiment was tried: A 
glower was mounted in a glass bulb and in 
the axis of a carbon filament of helical 
shape. The bulb was well exhausted and 


sealed off. The carbon filament was used 
four or tive times to start the glower, al- 
lernating current being employed. After 
the glower had run a few hours it was 
noted that it was changing color at its 
terminals. The dark discoloration gradual- 
ly crept toward the middle, and after about 
24 hours the glower could be started with- 
out preliminary heating. Apparently 
enough of the carbon filament was oxi- 
dized during the short time it was in use 
to give a slight quantity of free carbon 
monoxide in the bulb, the source oz 
oxygen being the glower itself. It is un- 
certain whether this gas was effective in 
reducing some of the glower material to 
its metallic form, or whether a conducting 
carbide was formed by the action of the 
carbon gas upon the glower materials. 
The former explanation seems preferable, 
for the reason that it was noticed that the 
darkened portion at the negative end of 
direct-current glowers is of higher con- 
ductivity than the glower proper, and it 
seems quite likely that this deposit is a 
metal separated out by electrolytic action. 
Metallic zirconium, for example, with- 
stands very high temperatures in the open 
air without oxidizing, and its melting and 
vaporizing points where air is excluded 
must be very high. 

Many possibilities exist such as are sug- 
gested by the above experiments, and 
many of them have been tried. Boron 
carbide, for example, withstands very high 
temperatures and is a conductor while 
cold, though it seems to vaporize some- 
what too rapidly—at least, this is the case 
with samples tried, which probably were 
not very pure. A Nernst glower, as well 
as those composed of thoria, mangnesia, 
and almost any of the refractory oxides, 
may be made conducting by treatment with 
a hydrocarbon gas. Sodium and potassium 
vapors also effect a reduction to the self- 
starting condution, though not generally 
so readily as carbon. 

There is a broad field open and much 
that is not known of the properties of the 
rare metals. Oftener than not the sup- 
posedly pure metal is impure, and the 
properties generally ascribed to it are in 
reality those of its carbide or other little 
known combination. Note the difference 
in properties of pure iron and iron con- 
taining even less than I per cent. of carbon. 
Is it not a fact, then, that almost nothing 
is known of the physical properties of the 
rare metals. A good example of this 
point, and one bearing directly on our 
subject, is the recently developed tantalum 
lamp, the filament of which is a fine thread 
of tantalum metal. Tantalum metal, until 
recently, was not known to possess proper- 
ties which now make it a promising addi- 
tion to electric illuminants. More or less 
experimental work has been done, particu- 
larly in Europe, in using the rare earths 
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in electric arcs with the idea of obtaining 
better efficiency and more pleasing light. 
Arc lamps have even been tried with elec- 
trodes composed entirely of the rare earth 
oxides, though at the present time the 
greatest advances in arc lighting are being 
made along the lines of introducing such 
elements as boron and titanium into the 
electrodes. 

In conclusion, your attention is directed 
to a set of curves (Fig. 2) which has 
been plotted to show the relation between 
the temperature and the energy radiated 
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in the various wave-lengths of light for 
incandescent black bodies. Various tem- 
peratures are assumed, and curves calcu- 
lated, showing the energy radiated at each 
wave-length. The visible spectrum is de- 
fined by the vertical broken lines marked 
red and blue. The exceedingly small pro- 


portion of the total energy which is radiated 
within the limit of the visible spectrum 
even at a temperature as high as 3,500 deg. 
C. is startling enough. We are, apparently, 
at the present only on the border of the 
possibilities. 
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FIG. 2.—CURVES SHOWING RELATION BETWEEN THE TEMPERATURE AND THE ENERGY RADIATED 
IN THE VARIOUS WAVE-LENGTHS OF LIGHT FOR INCANDESCENT BLACK BODIES. 
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POREBIGN.-TLEMS 


SOME INCANDESCENT ACETY- 
LENE BURNERS 


Their Behavior and Illuminating Power 
By}. Hi. -Leeps,EI-G. 


Journal of Gas Lighting (London), June 
19, 1900. 


Soon after the more pressing difficulties 
in the generation of acetylene from calcium 
carbide were overcome, and the modern 
self-luminous burner based on the Dolan 
principle was manufactured satisfactorily, 
several inventors turned their attention to 
the construction of an incandescent burner 
for the gas. 

Although the acetylene prepared in a 
well-designed plant is a most excellent il- 
luminant when consumed in ordinary burn- 
ers, and may be said to be almost without 
any successful rival in places where a sup- 
ply of cheap gas cannot be obtained, mem- 
bers of the industry have naturally desired 
to render the light of acetylene still cheap- 
er than it is at present; and therefore the 
various attempts made to construct a good 
incandescent burner have been watched 
with some interest. Of course, in the case 
of so intrinsically powerful an illuminant 
as acetylene, the advantages of burning it 
under a mantle are relatively less marked 
than in the case of coal gas; for taking 
common burners of ordinary domestic size 
and run at usual pressures, coal gas will 
emit (say) nine times as much light under 
a mantle as in an open flame, whereas the 
corresponding proportion with acetylene is 
more nearly as three to one. Again, the 
light given by acetylene in luminous burn- 
ers is so brilliant and steady, and of such 
a pleasing tint, that it seems a pity in or- 
dinary circumstances to forego the advan- 
tage of having no mantle to look after. 
Nevertheless, power to treble the light ob- 
tained from a unit volume of gas is not 
to be despised, unless an adoption of the 
incandescent system of combustion should 
introduce overwhelmingly serious defects 
or inconveniences. 

A few of the incandescent burners con- 
structed several years ago worked fairly 
well when tested by the present writer; but 
from information given by him, it appeared 
that other samples behaved most indiffer- 
ently. There were two or three causes for 
this. The burners, it was stated after- 
wards, were sent out by their makers with- 
out having been individually tested; and 
since the injector jets of burners passing 
only 10 to 15 liters per hour are. very small, 


and have to be drilled most accurately, it 
is hardly surprising that the judgments 
passed on different specimens should vary. 
Secondly, there was a difficulty in obtain- 
ing suitable mantles for the burners—in 
this country, at all events. The mantles 
supplied by the burner makers lasted well 
enough (under proper conditions); but 
when they failed, only small Kern mantles 
could be procured here, and the latter were 
neither of the proper shape nor of suff- 
cient strength to withstand the very high 
temperature of the acetylene flame. The 
third (and probably most important) rea- 
son why these earlier incandescent burners 
proved generally unsatisfactory, lay in the 
nature of the gas they had to consume. 
Even a few years ago the quality of the 
acetylene issuing from the average gener- 
ating plant varied very considerably from 
time to time. When the generator was 
first charged, the gas contained much air; 
but the proportion fell to practically noth- 
ing before the carbide was entirely ex- 
hausted. The upper explosive lim# of mix- 
tures of acetylene and air is, however, so 
high that an incandescent burner will not 
bear an appreciable or variable quantity of 
air in the gas without exhibiting a tendency 
to fire-back with a sufficiently powerful 
shock to injure the mantle. The gas also 
usually contained its full complement of 
“carbide impurities,” and was frequently 
heavily loaded with “generator impurities.” 
A normal amount of phosphorus in the for- 
mer is fatal to a mantle in 100 hours or 
less; and the lime-dust of the latter chokes 
the burner jet or gauzes. It has also been 
stated that moisture in the acetylene is 
harmful; but no evidence of this has been 
obtained in the writer’s experiments, where 
the gas was always naturally loaded, and 
presumably saturated with water vapor at 
the temperature at which it passed through 
the wet meter that was always used 
whether the burners were being tested on 
the photometer or not. A minor obstacle 
to the successful behavior of these original 
incandescent burners depended on the ir- 
regular pressure thrown by many of the 
generating appliances sold; the displace- 
ment holders being frequently fitted with- 
out any trustworthy governing device to 
neutralize the effects of differences in the 
water-level. 

Among the 92 German villages now pro- 
vided with public acetylene supplies, nearly 
all the plants that have been erected within 
the past two years or so feed street-lamps 
fitted with incandescent burners, and a 
large proportion of the private lights in use 
are also stated to be incandescents. Most 
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of the burners are said to be of a certain 
make, a specimen of which is in the writer’s 
possession. This particular burner has 
worked well; but the mantles supplied with 
it have left something to be desired in il- 
luminating duty, owing probably to an im- 
perfect fit. Still, it is only right to say 
that reports coming from the German vil- 
lages about the burner in question are most- 
ly favorable. Another incandescent burner 
has been recently designed by Schimek, and 
is made by Giintner, of Vienna, in differ- 
ent sizes having nominal consumptions of 
5 liters per hour and upwards. This is the 
type of burner that has been examined and 
tested most thoroughly. 


THE SCHIMEK BURNER, 


The Schimek incandescent acetylene 
burner is constructed in three main por- 
tions. The lowest has an internal thread 
for attachment to the bracket or pendant, 
two male threads on its upper part, and a 
female thread at the top, into which the jet 
itself is permanently screwed. Internally 
it is provided with a fine gauze of brass 
wire and a plug of cotton wool or the like 
to extract sany dust from: thev easy The 
middle main portion of the burner is the 
bunsen tube—parallel outside, but slightly 
tapered internally to a double truncated 
cone. The lower part is expanded into a 
mushroom head with a perforated base; 
and the central orifice in the latter screws 
upon the small upper. male thread of the 
yet portion. The lower male thread of the 
jet portion supports a flat brass disc, which 
can be screwed upwards till it touches the 
base of the mushroom, or screwed down to 
leave an open space all round. The pri- 
mary air enters between the upper surface 
of the disc and the bottom of the mush- 
room; and its volume is therefore under 
control in the same fashion as the air sup- 
ply of the new standard coal-gas argand. 
The uppermost portion of the burner re- 
sembles the upper part of a “C” burner, but 
has a circular flame orifice, and an eccen- 
tric mantle rod. In putting the burner to- 
gether, the bunsen tube and the jet por- 
tion are screwed up tightly; but the disc is 
left finger-loose. The lower edge of the 


mushroom or cone has half-a-dozen: small 


notches cut in it; so that if the disc is run 
Up wto..1ts highest position, some air still 
enters the mixing-tube. Indeed, the burner 
can be used temporarily without a mantle, 
by raising the disc as described. It then 
gives a round stumpy self-luminous flame, 
which does not smoke. When employed 
properly as an incandescent, the disc is 
lowered to its full extent. The mantles 
supplied with these burners are stated to 
be burnt-off and formed on a blowpipe fed 
with acetylene and air. 

The nominal 1o-liter burner in the writ- 
er’s possession was erected with its own 
chimney upon a cheap, 


shaky coal-gas © 


bracket in an exceptionally dusty room, and 
was fitted with a hemispherical cup and 
conical shade of opal glass taken from a 
gas argand. At pressures ranging (inten- 
tionally) between 3.8 and 4.3 inches, the 
burner was run for periods seldom exceed- 
ing two hours at a time from the beginning 
of last November to the middle of Febru- 
ary, with one mantle only (“A 10”), when 
an accident happened in moving it. The 
light was about 3 feet above the level of 
the writer’s desk, close to an inverted 
“Bijou” coal-gas burner; the two lights be- 
ing employed (although that of the acety- 
lene was the more powerful) indifferently 
for all purposes. The acetylene consumed 
was crude for a few hours, purified with 
“frankoline” most of the time, and “dis- 
solved” for the remainder. At the time of 
the accident to the mantle, it had been 
noted to have been burning for 150 hours; 
but as it had been constantly lighted for a 
few minutes only to exhibit it, and to test 
its power of resisting ordinary treatment, 
the mantle had really been in use much 
longer. 

The behavior of both burner and mantle 
was entirely satisfactory, and the light was 
always excellent. Whether the burner cock 
was turned slowly or quickly, the flame 
lighted or went out smoothly; the small 
explosions observed with certatn earlier 
specimen burners being absent. When the 
gas contained a little air, the burner lighted 
with a series of jumps; but they did no 
harm to the mantle. The occasional pres- 
ence of air in the acetylene was due to the 
cock being on the wall end of the bracket; 
whereas for all small incandescent burners 
its proper position is as close to the jet as 
possible. On two or three occasions, the 
burner was alight for five or six hours dur- 
ing a bad black London fog; but it seemed 
to need less cleaning afterwards than the 
coal-gas incandescents elsewhere. 

As an experiment, the burner had been 
lighted several times when the mantle was 
still in its proper position, with the regu- 
lating-disc screwed hard-up against the 
cone. This caused the flame to smoke free- 
ly, and to coat the mantle with soot. The 
formation of soot in such unfair conditions 
is inevitable, because the presence of the 


mantle round the flame interferes with the 


secondary supply of air which would other- 
wise reach it. 'As* mentioned already; if it 
be desired to employ the ' incandescent 
burner for a short time as’a self-luminous 
one, the mantle must be taken off. Never- 
theless, in spite of the copious deposition 
of carbon upon the mantle, the soot burnt 
away in a few minutes when the air supply 
was increased again to its normal amount, 
and no signs of injury were ever apparent 
upon the “hantle. At the time of its col- 
lapse, indeed, the mantle was in no worse 
condition than that of a coal-gas mantle of 
equal age. 
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Since these lines were written, it has 
been asserted that the failure of a mantle 
fitted upon an incandescent acetylene burn- 
er causes every object in the room to be 
covered with soot. The statement appears 
improbable on the face of it, because in- 
side the mantle the flame is atmospheric or 
non-luminous, and when the mantle fails, 
the flame only receives an additional supply 
of air from round its base and edges. As 
a matter of fact, no such production of 
free carbon has ever been noticed by the 
writer—except, as already stated, when the 
adjustment of the burner was wilfully in- 
terfered with for experimental purposes. 
The chimney of his experimental burner is 
only 2 ft. 6 in. from the ceiling; but no 
mark or appreciable degradation of tint 
has appeared thereon. Indeed, it is nearly 
two years since the ceiling was “white- 
washed,’ and there is no reason yet ap- 
parent for having this unpleasant domestic 
operation repeated. A second mantle has, 
of course, been alight on the same burner 
for many hours since that quoted as “A 10” 
succumbed to a hurried transference. 

Through lack of opportunity, the precise 
emissivity of the “A 10” mantle was not 
tested when it was new; but after being 
alight for 32 hours at a pressure never ex- 
ceeding 4.2 inches, it showed a duty of 98.2 
horizontal candle-power per cubic foot, and 
when it was known to be 150 hours old 
(really much older) its duty was 82.9 can- 
dle-power. So far as could be judged from 
the other mantles which were employed 
for photometric purposes only, mantle 
“A 10” was a perfectly fair average speci- 
men. 


THE GENERATING PLANT, 


The generator of the plant in which the 
acetylene consumed on the photometer was 
evolved, belongs to the carbide-to-water 
pattern. After bubbling through the lime- 
water of the decomposing vessel, the gas 
passes in fine streams through a washer, 
and then enters a small rising holder. From 
the holder, it passes through or past a puri- 
filer, having to force its way through 7 
inches or less of material. When the ma- 
terial is “frankoline,” the acetylene next 
passes through a layer of cotton wool; then 
through several inches of quicklime in 
small fragments; and finally through some 
inches of cotton wool again. From the 
purifier, the acetylene travels to a regulat- 
ing cock with slotted plug, and then to the 
meter. At the meter outlet is a needle- 
Valve,-a pressure gauge, a large -empty 
jacketed glass vessel (which acts as a pres- 
sure equalizer), and another stopcock with 
slotted plug. Here the gas-pipe branches 
—one limb leading to a bracket where the 
gas stored can be burnt off, and the other 
terminating in the cap-and-liner of a union. 
The meter employed passes o.1 foot per 
revolution; the accuracy of its water level 
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being periodically checked by graduations 
on the holder bell. The latter was gradu- 
ated by pouring weighed quantities of wa- 
ter into it when inverted, a vertical height 
of about one-eighth of an inch being equal 
to 0.01 foot. The liquid in both meter and 
holder is pure tap water; but it was 
charged with acetylene by being in use for 
some months before the photmetric work 
was commenced. When tests are made 
with dissolved acetylene, the cylinder is 
connected to a separate inlet into the hold- 
er—the by-pass on the purifier being 
opened; and in all cases the holder is filled 
with gas before making photometric read- 
ings, the generator or the cylinder being 
shut off. The precise working pressure is 
obtained by loading the bell (if necessary) 
when the burner is alight and all cocks are 
wide open, until the pressure thrown is 
about 0.2 inch above that desired. This is 
reduced to 0.1 inch above that required by 
moving the lever handle of the first slot- 
ted cock at the meter inlet, and finally set 
exactly with the needle-valve at the meter 
outlet. The numerous single figures for 
the burner consumptions obtained during 
the work showed that the pressure re- 
mained absolutely constant, whether the 
holder bell was nearly high or nearly low. 
When the generated acetylene burnt on the 
photometer was supposed to be purified, pe- 
riodical tests with Keppeler papers were 
made to see that the material was still act- 
ing efficiently. 


PHOTOMETRIC OBSERVATIONS. 


Not much need be said about the method 
employed in measuring the light afforded 
by the incandescent acetylene burners un- 
der consideration. The standard light was 
a Harcourt pentane lamp. Only horizontal 
candle-power has yet been determined. Ten 
observations were made in each test—one 
every minute in the case of the large burn- 
ers, and one every second minute when the 
burners were so small that the meter would 
not otherwise complete an entire revolu- 
tion during the test. In the earlier portion 
of the work, five readings in each test were 
made by each of two observers; but after- 
wards each observer made his own com- 
plete set of ten readings. The figures re- 
corded below are, therefore, the mean re- 
sult of the two sets of ten readings each. 


THE RESULTS OBTAINED. 


The results obtained with the Schimek 
acetylene burners are given below. They 
are not as exhaustive as might be wished, 
owing to the limited supply of mantles in 
the writer’s possession, and to the fact that 
the standard emissivity of the mantles is 
seriously increased by running them, even 
for a short time, at an abnormally high 
pressure. The probability of so great a 
change in tnis respect was not contemplated 
when the work was begun; and therefore 
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some particular mantles were, for the sake 
of convenience, tested with dissolved acety- 
lene at 4. and 5 inches of pressure before 
they were tried with ordinary acetylene at 
4 inches. In consequence, their duties were 
raised by 20 or 25 per cent.,as will appear 
ynmediately. In the following tables, the 
individual mantles are referred to as “A, 
“B,” etc.; the figures “10” and “15” refer- 
ring simply to the corresponding burner 
sizes. Except where otherwise stated, the 
mantles were only alight for an hour or so 
before the first test, and for ten or fifteen 
minutes between each subsequent one. 


TasBLE I.—NoMINAL I0-LITER BURNER. 


[Purified Acetylene. Mantle “B 10.” Light 
measured through chimney. ] 


é. Ss 
Agr aan [z, © Hees 
2 2 8 ONIN se 
SE ee eee eae 
abi or © nes Ore) 
4.0 0.470 42.3 90.0 
4.0 0.478 46.0 96.2 
4.0 0.474 45.2 95.4 
4.0 0.470 45.8 97-4 
4.0 0.467 47.0 100.5 
4.5 0.498 52.8 105.0 
4.5 0.499 53.8 107.8 
5.0 0.528 60.0 113.7 


It seems perfectly fair to reject the first 
of these tests at 4 inches pressure, on the 
ground that the mantle had not shrunk to 
its normal proper shape. Accordingly, the 
following are the average normal results: 


Consumption. 
So 

43 eS 

: ° a, 
H 3 cf by Ses 
D 2) 7s oR elo 

SB eee seers 

cae O See a 
40°) (0147270 13-25 uae 40 97.4 
4.5 0.498 14.10 53.3 106.4 
5.0 0.528 14.95 - 60.0 IP33 


Taste I]—NomINAL I15-LiTER BurRNER. 
[Purified Acetylene. Mantle “C 15.’] 
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4.0 0.660 67.5 102.3 
4.0 0.662 Fah: 107.7 
4.0 0.664 70.6 106.3 
4.0 0.665 70.4 105.8 


This mantle was not tested at any pres- 
for other purposes. The period through 
sure higher than 4 inches—being required 
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which it was alight before the completion 
of the first test was so long in comparison 
with the intervals between each succeeding 
examination that there seems no good rea- 
son for rejecting the first observations re- 
corded, and therefore the mean normal re- 
sults are as follows :— 


Consumption. 

6 36 
On. iS Pa 
aa eens ga ae ee See 
as i 4 se soe Q 
o = vo Sree foe) 
mS = 2] 6 O oD 
oa UO ages Oe of 
4.0 0.663 18.8 70.0 105.5 


Thus it is clear that a duty of 100-candle- 
power per cubic foot can easily be obtained 
from even small incandescent acetylene 
burners when run at the lowest pressure 
for which they are intended by their mak- 
ers. The precise duty appears to increase 
somewhat as the size of the burner in- 
creases, and more conspicuously as the 
working pressure is raised. This might, of 
course, be expected. Representative fig- 
ures as to the manner in which the mantles 
decrease in emissivity with age cannot be 
given, because mantle “A 10,” already de- 
scribed, was not tested when new. Assum- 
ing, however, it had the same original il- 
luminating power at 4 inches as mantle 
“B 10,” its original illuminating power after 
being run for a short time at a pressure up. 
to 4.3 inches should have been somewhere 
about the mean between 97.4 and 106.4, or 
1o-candle-power per foot. On this basis, it 
may be said to have lost 3.6 per cent. of its 
emissivity in 32 hours, and 18.7 per cent. 
in 150 hours. But this assertion is made 
with all reserve, for manifest reasons. 


THE DEMERITS OF ACETYLENE 
FOR LIGHTING 


By Horace ALLEN. 


The Electrical Review (London), June 8, 
1906. 


Though the demand for acetylene gas 
has steadily and continually increased ever 
since calcic carbide became a commercial 
commodity less than fourteen years ago, 
through the development of the electric fur- 
nace, it is doubtful whether it will ever 
seriously enter into competition with either 
coal gas or electricity in the field of gen- 
eral and economical illumination for pub- 
lic or domestic purposes, or for power de- 
velopment. This is partly accounted for 
by the cost of calcic carbide, for even with 
electric current at 13d. per unit the cost of 
manufacture and materials amounts to 


THE ILLUMINATING ENGINEER. 


from £9 to £10 per ton at the furnace. The 
chief item being for current, the possibili- 
ties in the way of the price ever coming 
within the range of competition are very 
remote as long as electricity is employed 
in the manufacture. Added to the cost of 
manufacture, there is necessitated the ex- 
pense of packing in hermetically sealed 
drums and tin canisters, owing to the 
great affinity of calcic carbide for moisture. 

Pure acetylene gas is credited with hav- 
ing a faint, sweet smell, but the smell given 
off by all the carbide the writer has had 
the opportunity of examining has been quite 
the reverse of either faint or sweet. 

The unpleasant odor arising from raw 
carbide upon opening the receptacle is a 
primary source of objection, and any ne- 
glect in the way of resealing the drum 
after the withdrawal of the required quan- 
tity, results in the continued gradual gen- 
eration of acetylene and its objectionable 
smell. For this reason the best place to 
store carbide is at some considerable dis- 
tance from any occupied building. 

Various methods have been applied to 
overcome this serious drawback in the way 
of coating the carbide, and by counteracting 
the smell by the application of strong, 
sweeter smelling essences. However, such 
treatment has chiefly been confined to small 
retail parcels, for which a higher price has 
to be charged to cover the additional treat- 
ment. 

The method of dipping the carbide into 
petroleum, and then into glucose, resulted 
in a material that was almost entirely pro- 
tected from the atmosphere and free from 
any objectionable odor, besides having the 
further advantage of being much more 
slowly acted upon by water. 
_ However, even this treatment does not 

entirely remove the tendency to continue 
the evolution of acetylene gas after the 
consumption has ceased, a very serious 
source of trouble in all generators using 
raw, or untreated, carbide. Another fea- 
ture in connection with the action of car- 
bide and water in the generation of acety- 
lene is the amount of heat given off in the 
reaction. 

One pound of carbide, when brought into 
contact with water, gives off in its decom- 
position 753 B. Th. U., which, in the ab- 
sence of an excess of water, is sufficient to 
raise the temperature of the surrounding 
materials to a bright red heat. On this ac- 
count, all apparatus for the generation of 
acetylene which is not provided with a suf- 
ficient quantity of water to ensure the dis- 
sipation of the heat evolved, is liable to 
become heated to a dangerous point in case 
of too rapid a consumption of gas. When 
this happens, the acetylene becomes de- 
composed, as is evident by the black mate- 
rial in the residual lime. 

To a cestain extent, calcic carbide resem- 
bles the electric accumulator or storage 
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battery, for while by present processes it 
requires the expenditure of from 2.0 to 2.3 
h.-p.-hours to produce I lb. of carbide, this 
may be conveyed to any distance, or stored 
for any length of time, if properly protect- 
ed, and then the acetylene generated from 
it is capable of developing 1 h.-p. for one 
hour if used for driving a gas engine; this, 
by the way, is not a demerit, but the re- 
verse. 

By virtue of this property, it can be used 
to transfer energy from waterfalls in dis- 
tant situations to localities where it could 
be turned to useful account. 

The residual lime remaining from the 
decomposition of calcic carbide in the gen- 
eration of acetylene has a very unpleasant 
smell when first brought out of the gen- 
erator—so much so that, in the case of 
small apparatus, it is offensive if brought 
anywhere near inhabited rooms. The 
sludge settles down into a more or less 
solid mass if left to accumlate, and is some- 
what difficult of removal, though it is 
claimed that when the carbide has been 
coated with glucose the lime is chiefly .ren- 
dered soluble; this claim is generally more 
theoretical than actual, owing to the small 
proportion of glucose employed. 

To turn our attention now to acetylene, 
there is no doubt that the light is of high 
quality, both in regard to illuminating pow- 
er and its preserving the natural colors of 
materials, etc. 

A drawback which has given considerable 
trouble is the necessity for a very fine 
orifice in the burner; it took a considerable 
period of time for the devising of a suit- 
able burner, but even now, while the jet is 
of such small dimensions, it is liable to be 
stopped by the slightest particle of dust, or, 
on the other hand, carbon becomes depos- 
ited and a heavy smoky flame results. 

To prevent the deposit of carbon at the . 
orifice of issue from burners, a very com- 
mon source of trouble, the device of pro- 
viding duplicate orifices at such an. angle 
that the two issuing jets are made to im- 
pinge upon each other and form a clear 
flat flame, was claimed to be successful. 

This class of burner found much favor 
as an improvement over the single jet, but 
it not unfrequently happens that some slight 
particle of dust lodges in one of the jets, 
and deflects the flow of gas to such an 
extent as to prevent the two jets meeting 
centrally; the result is a very unsatisfac- 
tory flame, which can only be rectified by 
inserting a fine needle or wire into the 
clogged orifice. This would seem to be a 
very simple matter, but it must‘be borne 
in mind that the burner goes wrong just 
when the light is required, and it is neces- 
sary for the acetylene gas tap to be closed 
and some other light obtained to enable 
the clearing of the burner to be effected, 
owing to the minuteness of the hole in the 
burner and its angular direction; to insert 
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the wire in the orifice in most burners is 
quite on a par with threading a needle with; 
the eye in a rather inaccessible position. 


Some burners have the orifices in such’ 


a position as to render it a very delicate 
matter to clear them on their becoming 
clogged, but the simplest way to overcome 
the trouble is to provide spare burners, it 
being an easier matter to change the burn- 
er than to probe it in situ. 

- While ordinary coal gas, in course of 
time, reduces leakage, through deposit, this 
is not the case with acetylene, so that all 
oints must be thoroughly sound from the 
first. 

In regard to leakage, the unpleasant dis- 
tinctive odor of impure acetylene had the 
advantage of quickly indicating the exis- 
tence of a leak and its locality. When the 
gas is purified properly there is less evi- 
dence, and therefore greater danger, from 
this source of trouble. 

Owing to its high specific gravity, 0.9, 
or twice that of coal gas, it does not so 
readily diffuse and pass away; and al- 
though the smallness of the jets renders the 
volume passing out in a given time con- 
siderably less than in the case of a coal 
gas burner, though it must be borne in 
mind that the pressure is usually ‘about 
twice that required for coal gas, the escap- 
ing gas hangs round and tends to form an 
explosive mixture which would do consid- 
erable damage if even a soldering bit or 
glowing cigarette should be brought near, 
the ignition point being only 896° F., while 
so small a proportion of acetylene as 3.5 
per cent. forms an explosive compound 
with air, as compared with 6 per cent. with 
coal gas. 

It is claimed for acetylene that its vitiat- 
ing effects are only about one-eighth those 
of coal gas flame, and that its heating prop- 
erty is very slight, but it must be remem- 
bered that the heat given off by an ordi- 
nary gas flame or incandescent burner has 
a great ventilating effect, so that the im- 
purities given off will also be carried away 
as long as there is an outlet. 


— 


A NEW ELECTRIC ARC LAMP OF 
HIGH ILLUMINATING POWER, 
USING SECONDARY CON- 
DUCTORS IN THE ARC 


By E. StapELMANN-NEHEIN. 
Electrotechnische Zeitschrift. 


That in recent times attention has been 
given to increasing the production of light 
with electric lamps is shown by the intro- 
duction of the flaming carbon arc lamp, 
and also the Nernst lamp. Not alone for 
incandescent lamps are secondary conduc- 
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tors available for securing the largest 
amount of light, but also may be turned to 
account for arc lamps. Such lamps, how- 
ever, have never become popular, although 
different methods of construction have been 
used; for example, lamps with an arc. be- 
tween secondary conductors, lamps with 
the shell pushed over the arc of the secon- 
dary conductor, and those in which the 
secondary conductor is put between the 
carbons in the path of the arc itself. The 
attempt has also been made to introduce 
incandescent bodies in this way. 

The attempt to increase light production 
by means of secondary conductors is not 
new. More than fifty years ago Staite 
utilized the radiation of a heated secon- 
dary conductor in the construction of an 
electric lamp; and the Soleile lamps of De 
Laye may be. put in this class. In both, 
the secondary conductors are used both 
for producing and reflecting light. Two 
lamps, the Jabbockoff candle (1876) and 
the “Soleil lamp of Clerc) and) Bureau 
(1879), have been known for some time. 
The first depended principally upon the 
volatilization of the secondary conductor, 
which was placed between the carbons, for 
its strongest light. An obstacle to its 
general use was its short life and the fact 
that it had to be relit after having once been 
extinguished; the latter disadvantage was 
possessed by the Soleil lamp also; which, 
however, had the advantage over the elec- 
tric candle in that the secondary conductor 
served as a condenser and reflector of light, 
which produced a quiet and steady illumi- 
nation. Neither lamp had mechanical ad- 
justment; the burning away of the. car- 
bons, and in the case of the candle, of the 
secondary conductor as well, were the only 
means of ‘regulation. All of these older 
lamps had the objection that the carbon 
was in close contact with the secondary 
conductor, and the Soleil lamp had the 
further disadvantage that the rays from 
the carbon itself were entirely absorbed by 
the projecting blocks of stone, so that the 
only light the lamp produced was that from | 
the incandescent marble. 

If we utilize the advantages of the above 
named lamps, and avoid their disadvan- 
tages, we secure an arrangement of arc 
lamps using a secondary conductor as a 
light condenser and reflector in which the 
light produced by the carbon and of the 
arc itself, as well as the rays from the in- 
candescent secondary conductor and the 
light which this reflects, can be utilized, 
thus securing the greatest possible gain in 
illumination. Such an arrangement con- 
sists of one or several carbon rods, B, B, 
of round, prismatic, or flat form, which are 
at a certain distance from one or several 
parts of a secondary conductor (see dia- 
gram). Lighting the lamp is accomplished 
by causing the carbons to approach as in 
the ordinary arc lamp. When the circuit is 
closed the carbons are separated a sufficient 
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distance by any suitable mechanical ar- 
rangement, to produce a steady arc. The 
secondary conductor is then heated by the 
arc until it becomes incandescent and con- 
sequently a conductor, when the distance 
between the electrodes can be increased. 
Separation from the secondary conductor 
can then be so regulated that the resistance 
of the arc between the electrode and the 
conductor does not become so great as 
to render the arc unsteady. By separating 
the electrodes from the secondary conduc- 
tor they are prevented from fusing to- 
gether. A part of the current flowing be- 
tween the electrodes passes through the in- 
candescent secondary conductor, while the 
balance passes between the electrodes 
through the air, the arc lying close to the 
secondary conductor. The branching of 


the current between the electrodes is shown 
did: Pig ht, 
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By this arrangement light is produced at 
the same time from the electrodes, the arc, 
the incandescent secondary conductor, and 
by the rays reflected therefrom. The light 
of a lamp constructed on this plan is ex- 
ceedingly steady. Even the presence of 
air currents is absorbed in part by the sec- 
ondary conductor, which renders flickering 
impossible. When the secondary conductor 
is incandescent and therefore conveying 
current, the arc is attracted by it and in a 
way adheres to it. Variations of current 
will not produce variations of light, since 
the secondary conductor is a good light ac- 
cumulator, and always gives a large part 
of the total light given out, so that varia- 
tions will only produce small changes in 
comparison with the total amount of light. 
In this respect the arrangement mentioned 
is similar to the Soleil lamp. 

Compared with the Soleil lamp, the ar- 
rangement described has the further ad- 
vantage of a larger production of lIght, 
since there is considerably less cooling off 
than with the large stone blocks of the 
Soleil lamp, and also since not only.the 
secondary conductor and a part of ,the-arc, 
but also the glowing electrodes and the 
entiresarc ate utilized. It is best -to use 
for the secondary conductor a material that 
volatilizes as little as possible and gives 
light only by being highly heated. This 
produces a considerably quieter and more 
even light, the lamp also working more 
economically, assthe secondary conductors 
do not need to be replaced so often. The 
arrangement has the further advantage of 
having the principal distribution of light 
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downward, which is desirable for general 
illumination; but the arrangement may be 
rotated, and the longer axis of the elec- 
trodes be so arranged that the light could 
be thrown in any desired direction. 

Experience has shown that chamotte is 
a material which holds well in the arc in ~ 
that it did not form drops, although it be- 
came soft; but further experiments may 
develop some still more suitable material 
which would be still more resistant and 
give more light. In this arrangement the 
lamp would have the electrodes in a hori- 
zontal position, which would be especially 
suitable for lower rooms, but could also be 
used for higher rooms. By this we do not 
mean to say that this form must be used 
for such cases, but they can be constructed 
to correspond nearly to the usual form of 
arc lamps, in which case the electrodes 
would have to be arranged at right angles 
to each other, and the secondary conduc- 
tor having a corresponding form, which 
would have to be put into the lamp in such 
a way as to be replaceable as well as the 
carbon. 

Cwing to lack of time measurements 
could not be made, but the experiments 
have shown the advisability of further 
work in this direction and this description . 
should lead to such further experiments. 

In conclusion, the use of a secondary 
conductor of a high fusing point so ar- 
ranged with reference to the arc as to do 
away with the fusing together of the sec- 
ondary conductor and the electrodes as well 
as the disintegration of the secondary con- 
ductor by the arc by separating the elec- 
trode from the secondary conductor has 
proven that the glowing ends of the car- 
bons, the arc, and the conductor all serve 
as light-sources, while the latter also acts 
as a current guide, light reflector and con- 
denser, and thus serves as a means of 
steadying the light-source. 





STREET LIGHTING 
Bye Gx DurNneucrt, 


The Electrical Review (London), June 8, 
1900. 


The recent opposition of the L.G.B. to 
loans for electric street lighting makes it 
a favorable time further to discuss the 
question. At present, smaller street light- 
ing must be done with Nernsts, and hence 
the matter may be considered under two 
heads, first, that of lamps, and second, that 
of lanterns. , 

I have had some experience with D-type 
Nernsts pointing upwards, but the results 
were disappointing. The filaments tended 
to sag down on to the heaters, and this 
shortened their lives. Also there was an 
evaporation from the filament on to the 
Nernst globe, which soon obscured it and 
reduced the light very much. This evapor- 
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ation does not get on to the globe when 
the lamps point downwards, but even then 
the outer globe reduces the light consider- 
ably. The outer globe is needed with D 
burners, first, because the lamps do not 
light up well without it, and secondly, to 
protect the burners when the lantern is be- 
ing cleaned. It is to be hoped that the 
Nernst Co. will soon have a good supply 
of the new AD type burners, which ought 
to be of considerable assistance; with a 
lantern which can be cleaned without risk 
to the burner, no- inner globe would be 
needed for this burner. 

Coming to the question of lanterns, 
manufacturers have not generally grasped 
the vital points in their design. The first 
essential is that. the lanterns should be 
cleaned with the same facility as a gas 
lantern can be cleaned. Many globes are 
held on by miserable little screws, which 
are quite unsuitable for their purpose. 
These are apt to crack the glass if screwed 
up tightly, or to let it drop if not screwed 





Fic. 1. 


Fig. 2, 


up tightly enough. Globes also frequently 
have such small openings that a man can- 
not get his hand into them. “When they 
have to be taken off to be cleaned, the man 
is liable to drop them, especially when he 
is on a ladder on a cold day. 

Fig. 1 shows a lantern which has some 
merits in that it can be easily cleaned. 
The lamp hangs downwards, and a re- 
flector underneath assists to direct the 
light in the right direction. The globe, 
however, is too big, and its large surface 
absorbs a lot of light. There is also a 
tendency to sweating, which is _ trouble- 
some and difficult to cure. Something can 
be done by sealing the bottom of the lamp- 
post with pitch, but occasionally the cure 
takes a long time. 

Fig. 2 shows a kind of lantern which 
has advantages. The globe is small and 
fitted to a hinge; it can be cleaned without 
any screws being taken loose. The globe 
should preferably be arranged to lower 
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when it is open, to bring it quite clear of 
the Nernst burner. If this were done, the 
Nernst could be run without any inner 
globe, using A type burners. At the pres- 
ent time I know of no one who makes this 


kind of lantern, but one may hope that 


something of the kind will be available 
some day. Most fittings makers have their 
standard fittings, which utterly fail to 
come up to common-sense requirements, 
and they refuse to listen to criticism, 
simply saying that every engineer has dif- 
ferent fads, and although possibly they 
may occasionally go so far as to admit 
deficiencies, little is done to improve their 
patterns. 


REFLECTORS. 


reflectors 


The ordinary designer of 


seems to be obsessed by the idea that light 


cannot be reflected without sending it 
back through its source, and most so-called 
reflectors are made on this plan. Actually, 
of course, one cannot reflect light back 
through a Nernst lamp, as the heater, etc., 
is opaque. Even with the carbon filament 
lamp the inside and outside of the lamp 
globe soon become so dirty that reflection 
of light through the glass means great 
loss. The first principle of reflection is 
that as soon as the light gets clear of its 
source, it should be sent on its appointed 
path in the shortest way, and without get- 
ting a chance to become weakened by hav- 
ing again to traverse any dirty glass sur- 
faces. The style of such a reflector is 
shown in fig. 2. This kind of arrangement 
would give the maximum possible illumina- 
tion in the street, and be immensely more 
effective than the ordinary oyster shell 
which is usually used to reflect the light 
through the lamp again. Fig. I shows a 
kind of reflector which is somewhat com- 
mon. The sketch shows its shape perhaps 
more vertical than ordinarily made, but it 
is sufficient to show that a very large part 
of the light can go skywards. 

Its results can never compare with those 
of fig. 2, only, unfortunately, the fig’ 2 
type does not appear to be on the market. 

Some good might be done by the 
Nernst Co., if they would show a little 
more enthusiasm in meeting requirements. 
Thus their delay in providing A-type 
burners to fit the D-type lamps is inex- 
plicable on commercial grounds, seeing that 
by this means they must have immensely 
restricted their chances of getting street 
lighting. Not only do the A-type burners 
give a better result for street lighting; but 
they have, according to common report, a 
better life, and this is something where 
Nernsts are concerned. 

May one hope that some discussion on 
the question may awaken our friends, the 
manufacturers, so that they may produce 
fittings more worthy of the traditions of 
the electrical industry. 
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LIGHTING AND EXTINGUISHING 


GAS-JETS FROM A DISTANCE 


Journal of Gas Lighting (London), July 3, 


1900. 


As mentioned in the account of the pro- 
ceedings at the congress of the Society” 
Technique which appeared in the Journal 
last week, a paper upon the above subject 
was presented by M. Aublant. It was 
particularly the patent specification of an 
appliance for lighting and extinguishing 
gas-jets by varying the pressure of the 
gas in the mains. It is claimed for the 
system that it is particularly applicable to 
public lamps; but it can also be utilized in 
certain cases in private houses, shops, etc. 

The apparatus consists of a movable 
gasholder, which has at the bottom the gas 
inlet-pipe, and is also furnished with a 
movable pipe, one end of which is 
hydraulically closed or opened as_ the 
pressure is lowered or increased, so as to 
cut off the gas or allow it to enter the pipe 
from the holder, and thence flow into a 
fixed pipe connected with ‘the burner, 
which is furnished with a spongy platinum 
igniter or some similar device. There are 
also a series of projections formed upon a 
rotating disc (a sort of ratchet-wheel), so 
arranged so as to prevent the bell rising 


or falling beyond a certain point at the — 


proper time. This disc revolves automati- 
cally through a certain angle whenever the 
bell moves under the influence of varia- 
tions of pressure; and in this way the 
projections move forward successively in 
suitable order and keep the bell down 
when it tends to rise, hold it up when it 
is about to fall, or leave it perfectly free. 
Consequently, by means of a series of 
relatively momentary reductions of pres- 
sure in a main supplying gas to several 
appliances, different effects can be obtained 
with certainty, according to the arrange- 
ment of their respective sets of projections. 

In the accompanying illustrations, two 
forms of the appliance are shown. Fig. I 
is a vertical section of it in the position for 
igniting the gas, and fig. 2 a vertical side 
section; fig. 3, a diagram recording the 
different pressures of gas and the corre- 
sponding motions of the holder; fig. 4, a 
partial side elevation of a second form of 
the apparatus in position for lighting; fig. 
5, a variant of the disc; and figs. 6 and 7 
are diagrams recording the different de- 
grees of pressure of gas and movements of 
of holder when discs similar to those 
shown in figs. 4 and 5 are employed. 

In figs. 1 and 2, A is the gasholder, mov- 
ing vertically in a vesse! B containing a 
suitable liquid—for example, heavy petro- 
leum oil—as a seal. The gas is conveyed 
into the holder by the pipe C, which is 
connected with the main. At the top of 
the holder is a pipe D, closed at the top, 
into which another pipe E, connected with 
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Aublant’s Apparatus for Lighting and Extinguishing Gas-Jets. : 


the burner. On one side of the vessel B 
is fixed a bearing F, which supports the 
shaft G of a disc H, furnished with teeth 
on the circumference as well as with pro- 
jections on one of its sides. The latter are 
fixed opposite the teeth, with spaces be- 


tween. A rod I, attached to the gasholder, 
moves freely in guides fixed upon the 
vessel B. It is furnished with a catch J, 


which is so arranged as to pass into the 
spaces or come into contact with the pro- 
jections according to the position of the 
disc. Moreover, there is a flexible catch 
K, on the lower part of the rod I, which 
presses against the teeth on the disc H, 
making it revolve one tooth each time the 
holder falls completely—the position B, 
indicated by broken lines on figs. 3, 6, 
and 7. Another flexible catch L, fixed to 
the bearing F, acts on the disc in such a 
way as to prevent it turning backwards. 
The action of the appliance is as follows: 
It is arranged at the gas-works that the 
pressure in the main will be as usual, and 
will be nearly constant all day (say 
24-1oths), but that at certain times it will 
be lowered for a few moments to 12-I1oths. 
The gasholder is placed so that it can be 
raised as far as possible (position 4 in 
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figs. 3, 6, and 7) by the higher pressure P, 
and fall to position B with the lower pres- 
sure, p. In the position indicated in fig. 1, 
’ the holder is raised. The gas enters it by 
the pipe C, passes into D (the lower end 
of which is above the liquid), makes its 
exit by E, and reaches the burner, where 
it is automatically ignited. During this 
period, indicated at a in fig. 3, the disc 
presents a space on the upward path of J, 
so that the rod I can drop to its full ex- 
tent. The pressure of the gas is indicated 
in the drawing by a full line, and that of 
the holder by a dotted one; and it is re- 
duced at any given moment from P to p. 
The holder then immediately falls into 
position B. At the same time the pipe D 
dips into the liquid, and cuts off the gas 
from the burner, which is extinguished. 
Moreover, the catch K makes the disc 
rotate one tooth; so that a projection is 
brought to the empty space immediately 
after which the catch J has passed it. The 
reduction of pressure thus produced only 
lasts for a moment, and then the normal 
pressure P is restored, and the holder 
again ascends. But as the catch J is 
stopped by the projection above, the holder 
does not ascend further than position C, 
and the lower end of the ptpe D remains 
in the liquid, so that the burner is not 
again ignited. The movement from B to 
C is, however, sufficient to make the catch 
K rise over another tooth of the disc. In 
fig. 3, the extinction period is indicated 
by b. At a moment determined upon, the 
pressure is reduced from P to p, and the 
holder again falls to the position B. Con- 
sequently, the catch K makes the disc re- 
volve one tooth, and present a space above 
the catch J. When the ordinary pressure 
is once more restored, the holder rises to 
its full extent (position 4), gas enters by 
the pipe D, and the burner is ignited auto- 
matically. This operation is repeated 
every time the pressure is reduced and in- 
creased; and it goes on simultaneously in 
all the appliances on a main. 


The form of apparatus shown in fig. 
4 comprises the parts already described 
and, in addition, a catch M fixed on the 
rod I in such a way as to make the disc 
rotate one tooth each time the holder as- 
cends. The rod has also a second catch 
N. The action of the appliance is then as 
follows: The holder being raised fully, 
and a projection being on the path of the 
catch N, the gas passes to the burner. 
When the pressure is reduced, the holder 
falls as far as the catch N, rests on the 
projection, and is thus held in position D 
(fig. 6), so that the pipe D is again over 
the liquid. Consequently, the light con- 
tinues to burn. When the higher pressure 
is restored, the holder ascends to position 
A; but in this movement the catch M 
turns the disc one tooth. On the pressure 
being again reduced, the catchers J and N 
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no longer encounter any obstacle, and the 
holder falls again to position B, cutting 
off the gas. After this movement, the 
catch K again makes the disc rotate one 
tooth. The higher pressure being then re- 
stored, the holder rises; but it is stopped 
in position B, owing to the contact of the 
catch J and the projection above. The 
burner remains extinguished until another 
reduction of pressure causes the holder to 
fall and turn the disc one tooth. When 
immediately afterwards the pressure is in- 
creased, the catches J and N have free 
passage, and the holder ascends to its 
full extent, and the burner is lighted. 

If in an apparatus like that shown in 
figs. I and 2 the disc of fig. 2 is replaced 
by that of fig. 5, in which each projection 
passes Over a space corresponding to two 
teeth, the operation is different. Every 
time the pressure falls from P to p, the 
catch K turns the disc one tooth; but 
when the pressure P is restored, the holder 
cannot ascend to position A more than 
once in three times, being twice retained 
in position B to keep the gas shut off. It 
will thus be seen that if appliances with 
discs like that shown in fig. 5 and others 
of the type shown in fig. 4 are all connect- 
ed with the same main, they will simul- 
taneously ignite the respective burners; 
but those of the first type will cause ex- 
tinction before the second, though all are 
subjected to the same changes of pressure. 

Of course, by varying the proportions 
and grouping of the projections in relation 
to the spaces and the teeth of the disc, any 
other combination of movements of the 
holder can be obtained, with a view to 
produce, at any predetermined time, igni- 
tion and extinction of each of the burners 
supplied from the same main. 





THE MERCURY VAPOR ARC LAMP 
Electrotechnische Zeitschrift (Berlin). 


This name is applied to the lamp invent- 
ed by Otto Vogel, of Berlin, which is a 
combination of the ordinary enclosed arc 
lamp and the mercury vapor lamp. The 
lower part of the lamp is shown in Fig. 1. 
Mercury is placed in the lower part of the 
enclosing globe to such a depth that the 
lower carbon projects a slight distance 
above the surface. A funnel-shaped con- 
denser made of sheet metal is placed in 
the upper part of the globe; the particles 
of carbon and mercury vapor gather upon 
this condenser and thus prevent the black- 
ening of the enclosing globe. The lamp 
runs on IO amperes at 50 voits. The arc 
spreads out gradually from the negative 
carbon, reaching a length of 20 mm., and 
increases in size as the mercury evapo- 
rates. In Fig. 2 is shown the arc between 
2 mm. solid carbons, the lower carbon ex- 
tending 5 to 6 mm. out of the mercury. 
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W is the white core of the arc, which is 
surrounded by a yellowish mantle R. D is 
a dark zone between the core and the man- 
tle. The arc travels around the carbon once 
in 10 to 20 minutes. The positive carbon 
does not form a crater, while the negative 
is slightly rounded off. The base of the 
arc on the negative carbon increases with 
the strength of the current and covers a 





circle of 4 to 6 mm. circumference, while 
on the positive it is only 1 to 2 mm. in cir- 
cumference. The color of the light de- 
pends upon the height of the negative car- 
bon above the surface of the mercury, that 
is, upon the extent to which mercury vapor 
participates in the radiation of light. After 
the vapor begins to form the current falls 
to 9 amperes and the tension remains at 56 
volts. Several of the lamps may be burned 
In series. 

When the volatilization of the mercury 
is rapid the whole inner globe is like an 
incandescent ball. A lamp of 2,200 can- 
dle-power gives us an efficiency of about 
0.27 watt per Hefner candle. The strong- 
est rays are 30° below the horizontal. In 
a I2-ampere lamp with 14 mm. carbons the 
burning away of the positive carbon is % 
mm., that of the negative 1/10 mm. per 
hour. A 400 mm. positive carbon will 
therefore run 1,600 hours. The regulation 
which is at present done only by hand is 
necessary only after 40 to 50 hours of 
burning. There is no loss of mercury, 
since the rising mercury vapors are con- 
densed and run down in drops in the space 
between the condenser and funnel. With 
correspondingly larger carbons and cur- 
rent strength arcs 150 mm. long and 70 
to 80 mm. wide can be produced. If the 
light is to be colored, cored carbons con- 
taining the required salts may be used, or 
the salts may be sprinkled upon the sur- 
face of the mercury; also in place of pure 
mercury amalgam containing the metals 
necessary to produce the desired colors— 
sodium, copper, potassium, strontium, etc., 
may be used. By this means, however, not 
only is the color changed, but also the 
form of the arc. 


THE GLOBE PHOTOMETER 
Electrical Review (London). 


We have recently received from Dr. L. 
Bloch a reprint of an article from the 
Elektrotechnische Zeitschrift, (1905, Nos. 
46, 47), giving an account of the theory of 
and experiments with, the Globe photome- 
ter; and Dr. Bloch sends us in MS. a re- 
vised account of the mathematical theory of 
the instrument. The principle of the meth- 
od was described by Prof. Ulbricht (Elek- 
trotechnische Zeitschrift, 1900, No. 22), but 
is not, we believe, generally known, or in 
common use, so that some account of it will 
be of interest to electrical engineers. The 
function of the apparatus is to give by 
one observation the value of the whole 
amount of light emitted by any source, such 
as an arc lamp or an incandescent lamp. It 
has no relation to the light distribution in 
different directions, to which other ordinary 
methods of measurement are applicable. 
The general theory is as follows: When a 
source of light is placed inside a spherical 
shell having a matt surface, the light re- 
ceived by any part of the interior surface 
can be divided into two parts—(a) the light 
received directly from the lamp, and (bd) 
the light received from the remainder of 
the interior surface of the sphere, after one 
or more reflections. The quantity (a) is 
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that which is measured in the usual photo- 
meters which determine the intensity of 
the light emitted in one direction, and is not 
considered at all in the Globe photometer. 
By the theory of the Globe photometer the 
quantity (b) is constant all over the sur- 
face of the shell, and is proportional to the 
total amount of light emitted by the lamp, 
quite independently of its position in the 
shell. 
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In other words, if a lamp be hung inside 
a spherical shell with a matt lining the illu- 
mination of any part of the shell which is 
screened from the direct light of the lamp 
is the same as of any other part, and meas- 
ures the total amount of light measured 
by the lamp. 

The argument is as follows: Suppose a 
surface p (Fig. 1) to be illuminated by radi- 
ation from a small luminous area d A, whose 
brightness is B; then, by the ordinary for- 
mula, the light received by a unit surface at 
P is B d A cos a cos B/I, a, B being the 
angles made with / by the normals to the 
two surfaces. 

Next let Fig. 2 represent the spherical 
shell of the photometer into which is in- 
serted for measurement a lamp, roughly in- 
dicated in the figure, and consider the illu- 
mination of the surface at the point P by 
light reflected from a small area d a. The 
circle drawn is that central section of the 
shell which passes through d a and p. Let 
the light received directly from the lamp 
on to the small area d A be La. d A; SO 
that f La. d A (integrated over the sphere) 
= E, the total light emitted by the lamp. 
Then the brightness of d a, which being 
pertectly matt throws light equally in all 
directions, is k La, k being a constant for the 
the particular matt surface used; and (using 
the expression of the last paragraph) the 
face at P is} 2)L:. sd A-cos. O71 > which <= 
light received from d A on a unit of sur- 
k.tadA/4r’*. This last expression gives 
the illumination at Pp by light which has 
been once reflected from the lamp by the 
surface d a. Hence the illumination at Pp by 
once reflected light from the ee surface 
of the sphere = k/4 7 f La. —hR/ 4-1 
. E.. It follows at once that ne illumina- 
tion at p by twice reflected light = (k/4 
r)?, x. So that the total illumination at 
E by reflected light = £ (k/4 7° + (k/4 7)? 
q-. (h/4- 977) +. JUS PKB, where xis ja 
quantity ameadiae only on the dimensions 
of the sphere, and the quality of its internal 
surface. It is, in fact, a constant of the 
instrument. The illumination then by re- 
flected light is uniform all over the surface 
of the shell, and is proportional to £; so 
that, screening off the direct light from the 
lamp from any small area, the remaining 
illumination of that area is a measure of 
the total light emitted by the lamp. 

The strict application of the above argu- 
ment requires a perfectly matt surface, 
and that the fittings or mechanism of the 
lamp shall not interfere with the repeated 
reflections by the surface of its own light; 
neither of which conditions can be entirely 
met in practice. The first condition is met 
approximately by coating the surface with 
lithopone (barium sulphate), and the sec- 
ond by making the shell large compared 
with the lamp; and experiments show that 
the errors do not prevent useful results be- 
ing obtained. 


observation holes. 
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The apparatus consists of two parts, the 
spherical shell or globe, and the measuring 
instrument or photometer. 

The globe (Fig. 3) is constructed of two 
hemispheres 1 meter in diameter pressed 
out of sheet zinc, 2 mm. thick. The hemi- 
spheres are bolted together by screws to a 
steel ring, so that the shell can be opened 
when required, and the whole is mounted 
upon a tripod stand of a convenient height 
for observation. Large holes are made in 
the top and botton: for the insertion of the 
lamps, and three small holes, 50 mm. diam- 
eter, on a vertical meridian to be used as 
The whole of the inside 
is covered with a white paint (barium sul- 
phate) which has an approximately perfect 
matt surface. A perfect matt surface is one 
which reflects light equally in all directions 
independently of the direction of the inci- 
dent light, and the coating of barium sul- 
phate satisfies this condition sufficiently for 
practical purposes. In using the apparatus 
the lamp is introduced into it through one 
of the large holes, and the photometer is 
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brought to one of the observation holes. 
The small screen used to shield the photo- 
meter from the direct light from the lamp 
ig seen in position in the sectional view. 
In some cases, é. g., ordinary incandescent 
lamps, the source of light is lowered com- 
pletely into the globe; but in the case of an 
arc lamp, in which the mechanism is bulky 
and would interfere considerably with the 
reflected light, the arc may be placed at or 
near the surface of the globe, the greater 
part of the mechanism being then outside. 
When the lamp is placed completely inside 
the globe the mean spherical intensity is 
obtained by dividing the result of the meas- 
urement by 47 ; but when it is at the sur- 
face only that part of the total light is 
measured which is emitted below the hori- 
zontal plane, and dividing the result by zr 
gives what Dr. Bloch terms the mean hemi- 
spherica! intensity for the lower hemisphere. 

The photometer used by Dr. Bloch was 
designed on the principle of Dr. Brodhun, 
and was manufactured by the firm of 
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Messrs. Franz Schmidt & Haensch, of Ber- 
lin. It is shown in perspective in Fig. 4, 
and in Section in Fig. 5. A small plate of 
plaster of Paris, s (Fig. 5), having a matt 
surface, is illuminated from the source un- 


der measurement by light passing along the, 
tube tT. Light emitted from s is reflected 


through the prism k, the lens system below 
h, and the prism w into the eyepiece /. On 
the other side light from an opal glass 
screen d, illuminated by a small incandes- 
cent lamp g, passes through a lens system, 
through the prism system p p and the prism 
W up into the eyepiece L. The prism w is 
“made in two parts, which touch one an- 
other all over the surface shown in the 
figure by the oblique line of division. They 
are cemented together over a small central 
elliptical area, so as to be in optical contact 
there, but not elsewhere. Light falling on 
the surface from the left—z. e., coming from 
s--is reflected upwards into the eyepiece, 
except from the cemented area, through 
which it passes freely and is lost. Light 
falling on this surface from the right—. e., 
coming from d—passes freely upwards 
through the cemented area into the eye- 
piece, and is reflected back from the rest 
of the surface. Consequently, the field 
viewed through the eyepiece consists of a 
central circular area illuminated from d, 
and a ring enclosing it illuminated from s. 
The manipulation of the instrument con- 
sists in adjusting the handle ¢, and so regu- 
lating the light from d, until the central 
circular. area seen under the eyepiece ap- 
pears to be equally luminous with the sur- 
rounding ring. It remains to explain the 
construction of the prism p p and the regu- 
lator ¢, The two prisms p p are mounted 
upon an axle driven by a small electric 
motor M, and supposing no screens or dia- 
phragms are interposed, the light from d 
will fall continuously upon w after four 
reflections through the two prisms, notwith- 
standing the rapid rotation of the system. 
The pair of diaphragms ¢t, shown in plan 
at N, are designed to interrupt the light 
during each revolution to an extent that 
can be adjusted and indicated from outside 
by a scale attached to the handle ¢ The 
form of the diaphragms, of which one is 
fixed and one movable, is shown at N, and 
each has a pair of sector-shaped apertures 
which may be made more or less completely 
to correspond with one another. By Tal- 
bot’s law, the illuminating effect of a rapidly 
intermittent light is proportional to the 
time it is seen, and is independent of the 
mode of intermission, provided that the 
intermissions are sufficiently rapid not to be 
perceptible. By moving ?¢, the light passing 
from d to w, and the consequent brightness 
of the central area seen in the eyepiece, 
can be regulated in a proportion read ex- 
actly by the scale of t, and independent of 
the speed of the motor. Thus this photo- 
meter compares two sources of light, not 
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as is usual with other photometers, by ad- 
justing their relative distances from the 
observing apparatus, but by rapidly inter- 
rupting one of them in a determined way 
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until they appear equally bright in the ob- 
servation eyepiece. 

It will be noticed that the tube T (Fig. 5) 
is constructed to turn about the general 
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axis of the instrument, and that its position 
can be noted by the attached scale and 
pointer ft, This enables the observer to 
compare any given light with a standard 
light, e. g., a Hefner lamp, by directing the 


tube first to one and then to the other, and 
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adjusting the interrupter ¢ in each case to 
obtain a uniformly lighted field under the 
eyepiece. Then the two readings of ¢ give 
the ratio between the two lights. 

The last point to consider is the deter- 
mination of the constant of the globe itself, 
which is done by placing in it, and observ- 
ing, a standard or a previously standard- 
ized lamp, when the reading of the Brod- 
hun photometer at one of the observation 
holes is compared with the reading of a 
Hefner lamp placed at a measured dis- 
tance. 

In conclusion, we extract from Dr. 
Bloch’s paper the figures of a set of tests 
made on an incandescent lamp to determine 
how closely the observed values correspond- 
ed with the theory of the instrument. The 
lamp was hung near the center of the globe, 
and observations were made from the three 
observation holes p’, p, p”. Fig. 6 shows the 
general arrangement with the photometer 
in position at each hole. Measurements 
were taken with and without a shade over 
the lamp, and with and without screens 
between the photometer and the light. Fig 
7 shows the distribution of the light from 
the lamp with and without the shade, the 
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diagram on the right representing the case 


with a shade, that on the left without. The 
figures obtained were as follows: 
Conditions of the experiment. Pp’. P. Pe 
Lamp unshaded, observation 

hole not screened........ 50). 545 S58 
Lamp unshaded, observation 

hole screened Glee a AVF AO saat 
Lamp shaded, observation 
hole not screened. .;..... 29'°227.5 48 
Lamp shaded, observation 

hole..screetied: -... hin -- 20 B27Ur W276 


= It is seen that in both cases when the 
direct light of the lamp is screened off, and 
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only the illumination by light reflected from 
the walls observed, the result is closely the 
same for all the three windows. The re- 
sult with the shaded lamp, whose light dis- 
tribution is very irregular, is the more in- 
structive. 

Dr. Bloch’s paper gives some details of 
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construction beyond what we have obstract- 
ed, as well as the results of a large number 
of observations made with the same lamp 
placed first near the middle of the globe 
and afterwards at the surface, giving in one 
case the mean spherical intensity, and in 
the other the mean hemispherical intensity. 
For these, and for a much longer mathe- 
matical treatment than appears to be nec- 
essary, we refer our readers to the orig- 
inal papers in the Elektrotechnische Zeit- 
schrift. 


—————— 


A DISCUSSION OF INVERTED IN- 
CANDESCENT GAS-BURNERS 


Journal of Gas Lighting (London). 


In a letter to the Journal Mr. Geo. Helps 
makes the following criticisms of Mr. Vic- 
tor Rettich’s paper on “The Inverted In- 
candescent Gas Burner,’ read before the 
Illuminating Engineering Society: 

“The writer of the paper suggests that a 
mantle of thicker cotton, but with inter- 
stices of much greater area, should pro- 
duce one of the same tensile strength as 
the present, and decrease the back-pressure 
in the burner while admitting more oxygen 
to its interior. It would be interesting to 
know if the writer is aware of the action 
of the bunsen flame on the mantle. It may 
with little uncertainty be taken for grant- 
ed that he is not. A mantle made on the 
lines he suggests would not emit any light 
at all. Again, how any back-pressure is 
caused in an inverted mantle when the top 
or mantle-holding ring is open, requires a 
little explanation. 

“All the criticisms of the seventeen burn- 
ers, to my mind, show that the writer of 
the paper has had very little to do with 
burners. 
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“Certain so-called disadvantages of the 
inverted burner are set out under twelve 
different numbers: 


(1) Dangers of falling particles. 
(2) Carbonization of the mantle. 
(3) Flashing-back. 


(4) Delicacy of mantle suspension. 
Whether or no the inverted mantle is 
strong, depends on the size of it. If an in- 
verted mantle be used the same length as 
a vertical mantle, I agree that it would not 
last long; but, on the other hand, the small 
inverted mantle will last very considerably 
longer than any vertical mantle. 


(5) Flickering light at low pressure. All 
these defects cannot surely be traced to the 
burners—that is, if they are of a fairly 
good kind—but to the supply of gas or the 
miserable pressure. 


(6) Discoloration of chandelier arms. 


(7) In many cases a difficulty of attach- 
ing lamps so that they will be gas-tight, 
when set in the required direction. These 
defects can be entirely obviated if an up- 
to-date burner and fitting be used. 


(8) Methods of regulating the gas are 
too coarse; a much more delicate way be- 
ing required. With up-to-date burners, the 
regulation of the gas may be effected to the 
finest degree possible. 


(9) Liability to break mantles when re- 
moving glass. This remark is just as ap- 
plicable to vertical as to inverted burners. 


(10) Variations in the diameter of globe- 
rings, etc. This is not a question of the 
burner, but of the glass, and is also ap- 
plicable to vertical burners. 


(11) Variations in means of affixing 
mantles to burners. This is not a defect 
of the inverted burner; and doubtless it 
will. very speedily be removed when the 
best types of burners are accepted and the 
method of fixing mantles standardized. 


(12) Too much -heat thrown off in pro- 
portion to the quantity of gas‘used. This 
remark is quite erroneous. If the burner 
is anything like respectable, the light 
thrown in the direction required can be 
obtained by creating far less heat than by 
any vertical burner. 


“T have ventured to call attention to 
these several points because readers of the 
Journal generally expect to learn some- 
thing from their brethren “across the 
pond”; and the paper in question is, so far 
as I understand, most erroneous and mis- 
leading.” 

To which Mr. Rettich replies as follows: 


Sir :—In your issue of April 24 I read Mr. 
Helps’ criticism on my article on inverted 
lamps and feel it incumbent upon me to 
reply to some of the points raised. Before 
actually answering his letter, I will make 
a couple of references. 


/ 
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First, at the fifth annual meeting of the 
Wisconsin Gas Association held at Mil- 
waukee, Wis., on February 14 and 15, the 
question was asked: “Is the so-called in- 
verted light of to-day any more efficient 
than the ordinary gas light?” Mr. Thomas 
J. Lytle, of the American. Welbach Com- 
pany, in the course of his answer, said: 
“One objection which has been made to 
these. lamps has been the dropping of the 
particles of incandescent carbon from the 
mantle, which has been perhaps somewhat 
dangerous, and in some instances the un- 
derwriters have made restrictions against 
the inverted burner for. that reason.” In 
the Welsbach type of inverted lamp, they 
have overcome this difficulty by the use of a 
glass protector, which catches falling par- 
ticles; but in the majority of cases, the bot- 
tom opening of the globe does not provide 
for this contingency. 

Second, at a meeting of the New Eng- 
land Section of the Illuminating Engineer- 
ing Society, in Boston .on April 24, Mr. 
Holmes made the following remarks: 


“There is one thing I want to speak of. 
This is not a place for us to fight about 
another man’s goods; but somebody spoke 
of the inverted mantle burner. We have 
in our office, and we have in a certain res- 
taurant in town, some of these inverted 
mantle burners, and the electric light so- 
licitor considers them an excellent adver- 
tisement for the electric light, for the rea- 
son that every one of these pretty little 
brass fixtures is all smoked up from the 
ascending fumes of the gas. -I have seen 
our electric light solicitors take customers 
right around to our office and show them 
the inverted mantle fixtures with the little 
shade holders all smoked, and the little 
brass gooseneck all blacked, as in the res- 
taurant I mentioned. I am not a gas man; 
but the fact remains that the electric fel- 
lows consider the inverted burner a good 
advertisement for electric light.” 


Mr. Helps says that the references to the 
seventeen different burners show a some- 
what efficient knowledge of the funda- 
mental principles of atmospheric pressure. 
Is this meant to imply that the inventors of 
the different types are lacking in knowl- 
edge? If this be so, I agree with Mr. 
Helps that this is true in many instances. 
I have had several mantles made whicts 
have been doubled where the asbestos. 
thread connects them to the clay holder, and 
have had great success with them; so much 
so, that should my company elect to put 
out a burner which carries a mantle of the 
inverted type, all the mantles will be made 
in accordance with this specification. 

Mr. Helps cannot be acquainted with the 
condition of New York, otherwise he could 
not say: “Reduce the quality of the gas 
or increase the pressure.” Perhaps when 
we have the new works established at As- 
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toria, which J presume Mr. Helps has read. 


about in the Journal of Gas Lighting, we 
shall then, having an increased volume of 
gas, be better able to regulate our pres- 
sure. Mr. Helps declares that no burner 
will give a good result with 23-candle- 
power gas supplied at 12-10th to 15-Ioth. 
This being exactly my contention, I fail to 
see why he writes at such length on the 
point upon which we agree. He further 
says that a mantle the same length asa 
vertical mantle—from which I presume he 
means one vertically upright, in contradis- 
tinction to one _ vertically downward— 
would not last long; but he says the 
“small” inverted mantle will last consider- 
ably longer. The word “small” is purely a 
question of degree. It may be small in 
length or small in diameter, or both. I 
quite agree that the bijou mantle should 
Jast longer than one of the larger types, 
1%4 to 2 inches long, connected to a ring 
of 11% inches in diameter. 

With reference to faults Nos. 6. and 7, 
my paper was written with the object of 
calling attention to such defects as those, 
so that provision could be made to correct 
them in the future. As to variation in the 
diameter of globe rings, I fear Mr. Helps 
cannot have examined many of these 
burners. On gauging some at random, I 
find that the measurements (in inches) are 
as follows: 3'4,.3, 3343 34) 334, 3¥2s1 672: 
and 33%. 

The variation in means of affixing 
mantles to burners is certainly not the 
fauit of the inverted burner; but by calling 
attention to the inconveniences caused 
thereby, a remedy can be found. 

In the matter of the amount of heat 
thrown off by inverted and upright burners, 
what I maintain is that, burning-a given 
quantity of gas by the use of an inverted 
burner, will raise the temperature in a 
room at breathing level to a higher degree 
than is true of an upright burner. This is 
due to conduction and radiation. 

Touching the subject of the potential 
energy of gas, it will simplify matters by 
making the following formula: 

Let X = potential energy (pressure and 
volume) of the gas. 

Let Y = specific gravity of the gas (air 
=) 1,045) =" I") 

Let A = motionless air. 

The upright vertical burner gives a force 
of & --.¥ to. impart kinetic: éneray to. 
The downward vertical, burning in a hypo- 
thetical condition of always remaining 
cold, gives a force of X — Y to do the 
same work. Inasmuch, however, as A 
does not remain cold, but becomes heated, 
and commences to rise, we then get the 
force of X — Y having to give kinetic 
energy to air no longer motionless, but 
now heated and rising. 
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I wish it to be distinctly understood that 
all the remarks that were made in my 
paper applied to the vertical downward 
burner. As to the type in which the burn- 
er is inclined at a downward angle, as is 
done in Germany by Ahrendts and Co., and 
by Mr. Helps himself in England, and in 
some of my own experiments, I have quite 
a different opinion. I consider that this 
method will prove successful over the ver- 
tical inverted burner. Further, there is 
but a very small percentage of electric bulbs 
that are designed to burn vertically down- 
wards—the greater proportion being al- 
ways at a downward angle; and if we are 
to produce effects with gas that have been 
hitherto associated only with electric fix- 
tures, to repeat myself, the lamp burning 
at a downward angle is the solution there- 
to. 

With regard to back-pressure in the 
burner, Mr. Helps has doubtless seen many 
of the petroleum lamps utilizing mantles. 
In these cases, the weave of the mantle is 
very much looser, and the interstices are 
very. much greater, than fora” © burner 


so that the conversion from a Iuminous to 


a non-luminous flame may be effected. 
Many of these lamps without a mantle will 
give a perfect blue flame; but just as soon 
as the draft is interfered with by the inter- 
position of a mantle, slight as this special 
mantle is, it will be sufficient to cause 
enough back-pressure to prevent the con- 
version of the luminous flame. 

I am free to confess that I am not aware 
of the action of the bunsen flame on the 
mantle, though I am trying to keep myself 
posted by reading the reports of researches 
made by such physicists as Professor Vivian 
B. Lewes, Professor Bunte, Professor 
Nichols, Messrs. White, Muller, and 
Travers, and other gentlemen who are en- 
deavoring to determine the cause of the © 
remarkable phenomenon of the high lumi- 
nescence of the mantle. At the present 
moment, as far as I know, there has been 
no definite solution of the phenomenon; 
but one would infer from Mr. Help’s re- 
marks that he is acquainted with the cause. 
I would esteem it a great favor if he would 
communicate such knowledge to me. 

In conclusion, I would ‘like to refer to an 
extract from my letter to the New York 
HKiectrical World of March 31 last, as. fol- 
lows: “The purpose of my paper was to 
show to all interested parties the existing 
defects, and, in some cases, to suggest 
slight improvements. If such a paper will 
hasten the perfection of the inverted lamp, 
I shall feel that my effort was not in vain.” 


Victor A. RETTICH. 
Knickerbocker Light and Heat Company, 
New York City. 
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THE MECHANICAL EQUIVALENT 
OF LIGHT 


By Epwarp L. NiIcHOoLs. 
[Prof. Physics, Cornell University.] 


The Electrical Magazine (London). 


Producers of artificial light have been 
content for a long time to measure their 
product in units the relation of which to 
the units of energy expended in its manu- 
facture was unknown. ‘That there is such 
a thing as the mechanical equivalent of 


light has, however, been recognized almost 


from the time when it had been establish- 
ed that radiation is a form of energy and 
light a special type of radiation. That the 
determination of the mechanical equivalent 
of light is not of purely academic or even 
of purely scientific interest has likewise been 
recognized, and attempts have been made 
from time to time to determine it. 

The first of these attempts was that of 
Thomsen,* who in 1865 measured the total 
energy radiated by a standard candle by 
comparing the effect upon a _ thermopile 
placed at a known distance from the flame 
with that upon the same instrument when 
exposed to the radiation from a hollow ball 
containing hot water. The energy lost in a 
unit of time by the ball was ascertained from 
its rate of cooling. To determine what 
proportion of the radiation from the candle 
flame was light-giving, Thomsen compared 
the radiation received by the thermopile, 
when exposed directly to the flame with that 
transmitted by a glass cell containing a layer 
of water 20cm. in thickness. 

Twenty-three years later, in 1888-80, 
Tumlirz} took up the problem. In the 
meantime the first important step necessary 
to the success of such an investigation had 
been made in the substitution for the candle 
of a definite and reproducibie standard of 
light ; and Tumlirz adopted as the subject of 
his experiments this standard: the flame of 
the Heiner lamp. As’ the result of his 
measurements, which were carried out with 
extraordinary care and precision, account 
being taken of all thinkable sources of error, 
Tumlirz found the light-giving energy re- 
ceived upon one square centimetre of sur- 
face at one meter distance from _ the 
Fiemme diame to. be: 30.1 XX Tos °* gram 
calories per second. This value is con- 
siderably smaller than that obtained by 
Thomsen, whose result, recomputed and re- 
duced to the same terms, was 56 X 10 — ®° 
gram calories per second from the candle 
ilame. 

Tumlirz in his paper considered the ques- 
tion of determining the ratio of the hght- 
giving to the total radiation by dispersion 
of the rays; but he unfortunately rejected 

* Thomsen: Poggendorff’s Annalen, 125, p. 348. 


+ Tumlirz: Wien. Berichte, 9711, pp. 1521 and 
1625; also Wied. Ann. 38, p. 640. 





this more rigorous method on account of 
the experimental difficulties which it pre- 
sents, and contented himself, like Thomsen, 
with the use of a thick water-cell. He 
convinced himself of the opacity of this 
cell to non-luminous radiation by experi- 
ments with the Bunsen flame, no portion of 
the radiation of which was transmitted to 
the thermopile. This check upon the 
method is inadequate for the reason that 
the infra-red spectrum of the Bunsen 
flame * .consist merely of two emission 
bands, at wave lengths 4.254 and 2.70u; in 
which regions both glass and water are 
quite opaque. The infra-red spectrum of a 
luminous flame such as that from the Hef- 
ner lamp, on the other hand, contains a 
considerable amount of energy of shorter 
wave lengths which is: capable of transmis- 
sion through both glass and water. The 


curve B in Fig. 1 indicates the distribution 
of energy in the infra-red spectrum of the 
Bunsen flame. 


The curve W in the same 











diagram indicates the percentage of radia- 
tion as a function of the wave length trans- 
mitted by a water cell. A portion of energy 
curve for the Hefner flame H is also given. 

The error introduced by the assumption 
of the complete opacity of the water cell for 
infra-red radiation is very large. The ratio 
to be measured may be shown graphically by 
plotting the curve of the distribution of 
energy in the spectrum of the source of light 
and dividing the area enclosed by that 
curve into two parts by means of a vertical 
liné at wave length .76u, which represents 
the limit of visibility at the red end of the 
spectrum (see Fig. 2). The ratio of the 
total area OBCD to the area OBR, which 
comprises the whole of the light-producing 
radiation and excludes the infra-red, is the 


* Nichols: Standards of Light; Proc. of the In- 
ternational Electrical Congress at St. Louis, 1904. 
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quantity to be measured. The energy trans- 
mitted by the water cell was assumed to 
coincide with this area; but such a cell, as 
we know from subsequent explorations,* 
actually transmits radiation, the spectrum 
of which is represented by the curve 
OB’C’D’. In addition to the light-giving 
area OB’R, somewhat reduced by losses due 
{o reflection and absorption, the cell trans- 
mits infra-red radiation corresponding to 
the area -RB’C’D’, “and, this: <exceeds, in 
amount the light-giving radiation. The 
true value of the ratio of the luminous to 
the total light-giving radiation from the 
Hefner flame, as determined by a method 
free from this source of error, to be con- 
sidered presently, is about .009. The 
measurements of Tumlirz, however, gave 
for this value .024. The first corresponds to 

OBCD OCB Ga; 


OBR OBCD 

Further evidence that the measurements 
of Tumlirz give too large a value for the 
mechanical equivalent of light may be ob- 
tained by computing from his data the 
energy of total light flux from a source of 
unit intensity. This quantity, found by 
multiplying the energy received on a square 
centimetre at metres distance by 4n X 10’, is 
@4054 gram calories per second or .188 watts 
“for a source one hefner in intensity. A 


glow lamp at three watts per hefner would 
188 


, the second to 





the ratio 





therefore have a radiant efficiency of 


3 
==..055. This value agrees well with the 
accepted determinations by the older 
methods for the radiant efficiency, in which 
the water cell was used as a means of separ- 
ating the light-giving from the non-lumi- 
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nous radiation. The most recent determi- 
nation, made by C. E. Mendenhall} by a 
method free from this error gives, however, 


* See Nichols and Coblentz, 
WiolneX VII pie207- 

+ Mendenhall, C. 
page 160. 


Physical Review, 


E.: Physical Review, Vol. 20. 
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.026 for an incandescent lamp filament at 
normal brightness. 

In 1903, Knut Angstrom* made a redeter- 
mination of the mechanical equivalent of 
light and as his investigation affords us 
for the first time values of this important 
quantity which are free from large errors 
T shall describe the method employed in 
some detail. 


Fic. 3: 


Angstrom’s method for the determination 
ot the mechanical equivalent, like that of 
Tumlirz, consists of two operations: the 
determination of the radiant efficiency of 
the Hefner flame and the measurement of 
the total radiation. His method of finding 
the radiant efficiency consists essentially of 
the dispersion of the rays from an incan- 
descent lamp of special construction by 
means of the mirror spectroscope M P M 
(Fig. 3), the removal of the infra-red por- 
tions of this spectrum by means of an 
adjustable wedge E—the edge of which 
could be brought into coincidence with the 
boundary of the visible spectrum in the red 
at wave length .76--the reassembling of 
the visible portions of this spectrum by 
means of the cylindrical lens C and the 
measurement of the intensity of light thus 
brought to focus by means of a bolometer 
B. The effect upon the bolometer was com- 
pared with that produced by a Hefner lamp 
so placed as to produce an illumination 
precisely equivalent to that from the in- 
candescent lamp. To secure this adjust- 
ment a photometer consisting of an equi- 
lateral prism of chalk, enclosed in a circu- 
lar black box with circular openings, was 
mounted in place of the bolometer. This 
prism was so placed that one face would 
be illuminated by the reassembled light 
from the visible spectrum of the incandes- 
cent lamp, the other by the light of the 
Hefner lamp. This form) of photometer 
is very sensitive to small differences of 
color, and it was therefore possible to ad- 
just the current through the lamp so that 
the character of the light, emitted by it 
would correspond exactly with that of the 
Hefner flame. The distance of the Hefner 
lamp from the photometer could then be 
adjusted until the illumination on the two 
faces of the photometer prism was equal. 
The photometer was now removed and the 
bolometer mounted in its place. The 
energy reaching it from the incandescent 


* Angstrom: Roval Society of Sciences, Upsala, 
3rd Series, Vol. XX., 1904. 
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lamp was that of a visible spectrum pre- 
cisely equal to the visible spectrum of the 
Hefner lamp, while the energy reaching it 
from the latter included likewise the non- 
luminous energy of the infra-red spectrum. 
The careful comparison of these two 
bundles of rays, which are physiologically 
identical, gave the value of the radiant 
efiiciency-—namely, the ratio of the light- 
giving to the total radiation from the flame. 
This ratio, corrected for the various 
sources of error, such as losses by absorp- 
tion and reflection, was found to be .0006, 
a value much smaller than that obtained by 
Tumlirz or by any of the other numerous 
observers of radiant efficiencies of similar 
sources who have made use of the water 
cell. That results obtained by the latter 
method are necessarily much too large has 
already been shown. 

For the determination of the total radia- 
tion from the Hefner flame Angstrém em- 
ployed his pyrheliometer, a form of differ- 
ential bolometer well adapted for such 
purposes. In this instrument similar strips 
of metal, forming two arms of a Wheat- 
stone’s bridge, are mounted side by side. 
The change of resistance of one of these, 
which is exposed to the radiation to be 
measured, is counterbalanced by sending a 
sufficient current through the other strip to 
heat it to precisely the same temperature. 
In this way the energy received by the 
exposed arm can be determined in absolute 
measure. Angstrom found the radiation re- 
ceived upon one square centimeter of sur- 
face at a distance of one meter from the 
flame in the horizontal plane to be .oooo2ts 
gram calories per second. The luminous 
radiation from the flame is therefore 

17 = 70000. 00) 0000215 == 20.06.10 —* 
gram calories 
seconds, cm.’ 

This quantity, as is expected from the 
smaller value for the radiant efficiency, is 
much less than that obtained by Tumlirz. 
The latter observer, as has already been 
stated, recognized the more exact character 
of the dispersion method subsequently em- 
ployed by Angstrém, but rejected it on ac- 
count of the great difficulty of the adjust- 
ments. It becomes of interest to inquire 
therefore whether Angstro6m’s value is real- 
ly more accurate than that of his predeces- 
sor or whether he has, on account of the 
experimental difficulties of the method, 
fallen into errors as great as those involved 
in the method of the water cell. 

We may note in the first place that the 
smaller result obtained by Angstrom is in 
the direction of greater accuracy; and we 
are happily able to test its accuracy in a 
fairly rigorous manner by comparing the 
radiant efficiencies thus determined with 
those obtained by still another method, 
which, while it involves equally serious ex- 
perimental difficulty, is exact when proper- 
ly carried out. This method consists in the 
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exploration of the entire spectrum with a 
sufficiently delicate instrument, such as the 


‘bolometer or radiometer, the plotting of 


the curve for the distribution of intensities, 
and the comparison of that portion of the 


-area of this curve which represents lumi- 


nous energy with its total area. The vis- 


ible spectrum of the Hefner lamp is so 


feeble that accurate measurements of this 
portion of the curve are almost impossible. 
In the case of a more powerful source of 
light, such as the acetylene flame, it is, 
however, possible to explore the visible as 
well as the invisible spectrum, and to ob- 
tain a curve from which the necessary in- 
tegrations can be made. 

The radiant efficiency of the acetylene 
flame determined by the method of the 
water cell* ranges between .08 and .10s. 
The values obtained by integration of the 
energy curve lie between .033 and .o45. 
Angstrom by the same method which he 
applied to the Hefner standard, found .056. 
The discrepancy between these values is 
much less than that between Angstrom’s 
value and those obtained with the water 
cell. It may, indeed, perhaps be entirely 
accounted for by differences in the char- 
acter of the flames employed.t 

Angstrom also made use of his appa- 
ratus for the determination of the distri- 
bution of energy in the visible spectrum 
of the Hefner flame by moving the wedge 
S (Fig. 3) to different positions and meas- 
uring for each position the luminous en- 
ergy included between the edge of the 
wedge and the violet end of the spectrum. 
From Wien’s Law it is possible from a 
series of such measurements to compute 
the distribution of intensities throughout 


-the region explored and in this manner to 


obtain the energy curve even where the 
various wave lengths are too feeble to be 
measured separately. The great value of 
such a curve lies in the fact that from it 
the corresponding curves of all sources of 
light which have been compared by means 
of the spectrophotometer with the Hefner 
standard may be readily computed. The 
curve for the acetylene flame thus obtained 
is found to be identical with that obtained 
by direct measurements with the bolometer, 
and this coincidence affords the strongest 
evidence of the substantial accuracy of 
Angstrém’s values for the mechanical 
equivalent of light. 

By making use of Angstrém’s curve of 
intensities for the Hefner lamp and the 
corresponding curve for the acetylene flame 
similar curves may be plotted for all other 
sources of light which have been compared 
spectrophotometrically with either of these; 
and if such curves be drawn in such a way 
as to represent in each case a light source 
of unit photometric intensity a comparison 
of their areas, taken for the whole of the 


* Nichols: Physical Review, Vol. XI., p. 215. 
+ Nichols and Coblentz: l.c. 
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visible spectrum, gives the mechanical 
equivalent of light for each source in terms 
of that of the hefner. I have shown in a 
recent paper * that the mechanical equiva- 
lent thus computed is not constant, but va- 
ries through considerable range with the 
character of the light. The smallest values 
are those for sources strong in the wave 
lengths of high luminosity in the middle 
of the spectrum and vice versa. Tables I, 
II., and III. give the results of such com- 
putation for three distinct groups of light 
sources. ‘The mechanical equivalent is ex- 
pressed in watts of the total light flux when 
the mean spherical intensity of the source 
is one hefner. 

Where light is produced electrically, the 
efficiency, commonly expressed in watts per 
candle, may be given some absolute signifi- 
cance by the substitution of the ratio of the 











1948. 


1600° 1800° 


Fic. 4. 


2000° 


watts of total light flux to the watts neces- 
sary to maintain the source. This ratio, 
which is not identical with the radiant ef- 
ficiency, because it includes the heat losses 
in the lamp by convection and conduction, 
is given in Table IV., for a treated lamp 
filament studied by Blaker.t The watts 
of light flux are as given in Table II. 
These efficiencies are greatly in excess of 
the theoretical radiant efficiencies of a 
black body for the corresponding tempera- 
tures. In Fig. 4 the efficiency of treated 
carbon, as given in Table IV., and the 
theoretical efficiency computed from Wien’s 
Law by Mendenhallt are plotted as a func- 
tion of the temperature. There is an al- 
most constant difference between the two 
curves, which indicates the superiority ot 
treated carbon as radiator of the visible 





* Nichols: On the Distribution of Energy in the 
Visible Spectrum; Paper read before the American 
Physical Society, Dec. 29, 1904. 

+ Blaker: Physical’ Review, Vol. XIII., p.- 357. 

£ Mendenhall: l.c. 
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wave lengths, long since noticed by Evans,* 
Bottomley,+ and the present writer.t The 
incandescence of the treated filament—for 
any temperature between 1,400° and 1,900° 
Abs.—is equivalent, photometrically, to 
that of a black body of more than three 
hundred degrees higher temperature. The 
temperature of a treated filament at a nor- 
mal brightness of three watts per hefner 
(3.4 watts per candle) is approximately 
1,900° Abs., and its radiant efficiency is 
.032. A black body to attain this efficiency 
must be brought to about 2,250°. 

For flame sources, where the amount of 
fuel consumed and its heat of combustion 
are known, the gross efficiency—i. e., the 
ratio between the rate at which energy is 
developed by combustion and the watts cor- 
responding to the total light flux of the 
source—may be computed. Wedding § in 
a recent paper has published such data for 
numerous sources of light, basing them on 
measurements of his own of the total radi- 
ation, luminous radiation, and the total en- 
ergy required to maintain the light. His 
determinations of the luminous radiation, 
like those of Tumlirz, were made by the 
method of the water cell. The other fac- 
tors, however, which appear to be carefully 
worked out, may be used in combination 
with the: values of the luminous radiation, 
already given, for the computation of the 
efficiency of these sources. Preece,|| 





also; 
in an address before Section A of the Brit- 
ish Association, has furnished estimates of 
the power of the fuel consumed by various 
flames in watts per candle. Data from both 
of these writers, whose results are unfor- 
tunately by no means concordant, are used 
in Table V. ; 

The exceedingly small amounts of en- 
ergy necessary to illumination, were we in 
a position to effect the complete transfor- 
mation, may be illustrated as follows: 

A source, the illuminating power of 
which at meter’s distance is equivalent to 
one watt per centimeter of surface would 
be of more than a million candle-power, 
or, to be more exact, it would have an in- 
tensity : 

1,160,000 hefners for the Hefner flame, 
and about the same for candles, oil, 
and gas. 

1,400,000 hefners for acetylene. 

1,580,000 hefners for a glow lamp with 
treated filament at three watts per hef- 
ner. 

1,690,000 ‘hefners for the arc. 

Tumlirz in the article cited in the open- 
ing paragraphs of this paper offers numer- 


* Evans: Proceedings of the Royal Scciety, Feb. 
18, 1886. 

+ Bottomley: Proceedings of the Royal Society, 
42, 1887. 

~ Nichols: Physical Review, Vol. I1., p. 260. 

§ Wedding: Uber den Wirkungsegrad und lie 
praktische Bedeutung der gebratichlichsten Licht- 
quellen; Mtinchen, 1905. 

||Preece: B. A. Report, 1888; also Nature, Vol. 
>, C,OOWMN Gs Fok ZICeR 
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Taste I1—Luminous FLAMEs. 


Mechanical equivalent of light as below. 


Ergs of luminous Total light flux in 
coe energy per cm. of watts, for a photo- 
; surface when illu- metric intensity of 
munation is one lux. one hefner. 
Hefner pace ie i ich ot CE ee 8.68 ergs per sec. 0.1090 watts 
LUERE WHC een hot seat bar ig ES Sadeg Gy aor Es OAS tis 
Petroleum. Tein p he DUTRET owes oes: S.00.2 x OsL002by # 
I ARG NN LETS teal ye is NGVeos: cakes S45 GHOO2i a 
l ° . 66 66 . 
Iilum. Gas SUCeDMENEED ¢ shin. tha cates RETO CHOOOS i 
PECEUVCHCRE Oe Hin ies Tule eee arses wall wike SK a as = G.0802" 5 


Ap LE, I1.—CARBON—ELECTRICALLY HEATED. 


Mechanical equivalent of light as below. 





Source. é Temp. Ergs per cm.’ Watts of total light 
per lux: flux per hefner. 

1000" ac: 20.0 eres per sec. 0.304 watts 
I100° pees hae Mas OrZO Te, «27, 
CGarbom=rod “Gintreated)) n..25 6.5 1200° 17:SOF os i Gi2e2et 
1300° TA20ee) i O08) 
1400° Gg : OPI 
Lamp filament (Angstrom)..... 1727 6 et Nae G0I2.. 
| fe 1078° 18.5 ik a OE. 0 
1255 0607 a ee x 
ieee gps sy ace ie 0.0928 “ 
Lamp filament (treated)—Blaker. 1496° 734 «a 0.0703 “ 
1648° O35 0.0798 “* 
1738° Sie, a : 0.0807. “ 
fat Veee ALA Ws Rey Se doe ers Sen ELOOn ein “ O72082 2°" 





Taste III.—MetTaAttic OXxInEs. 





Mechanical equivalent of light as below. 

















Source. Ergs per cm.’ Watts of total light 
per lux. flux per hefner. 
PLE CC) me a les doh a haa ec da ne See 717 Peres pec sec, .09g0 watts 
; Cam tine iar toid Ane, Ruel sc ero Hala an sccNe BOO fa cepa ame 
EULID STAC of A Ate RN a Fete ie 096“ 
WEES HRCI enV LATIbIe! oi)x Aber. ihe aac Suiwels ale dhe. 4.44 9 . 056 i 
Magnesia (from burning ribbon)........ 5.53 0695 
Taste IV. TABLE V.—Gross EFFICIENCY OF FLAMES. 
Watts Watts of light fux. 
Watts Watts of flux. Watts Watts 
Temperature. per of Watts Source. per of fuel 
Ge ADsesneimero flux, » “per” El. hefner. burned. 
1078° I351- 46.0 eit .00506 Taltlow=: Candie “i 109* 00002 
1265° 1228° 13.8 122 00882 Sperm: Garndle v2:: ee .0013 
1496° 1769° 45a 20023 | 40203 Petroleum=vesu eer 70* .0O10 
1648° IQ21° DAs *.07890 0344 Petrolewing: ate. 387 .0020 
1738° | 2011 1.71 0807 .0472 Coal iGas sce epee. 50" ee 
Refercnezs for Table V. Welsbachie:? sass: 53t .OOTO 
ATOM ieee § 13558 .0060 
+ Wedding. CeLVICNG in veueke o. His an honre 


t See Nichols: Physical Review, Vol. Il., p. 215. 








ous computations of this sort, and other ergs. The human eye at meter’s distance 
interesting data are to be found in a paper fronr a source of light of one hefner in- 
by -Caricthering.* tensity, viz., when exposed to an_ illumi- 
Langley has computed the minimum en- nation of one lux, receives energy at a 
ergy necessary to vision. For the wave rate (about .6 erg per second) many mil- 
lengths of highest luminosity in the mid- lions of times as great as that necessary 
dle of the spectrum his value is 2.78x 10—® to maintain vision, and it is not altogether 
Seat an eee) overwhelmed even when the intensity of 
*Hering: Electrical World, April 20, 1901, p. 31. the illumination rises to 1,000 luxes. 
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Miscellaneous News 


ALBANY, N. Y.—The Gold Car Heating 
and Lighting Company, of New York City, 
was incorporated to-day, at the Secretary 
of State’s office, with a capital of $3,000,000. 
The directors are Edward E. Gold, Richard 
V. Voges, John C. Dixon, Henry J. Horn, 
Lucius E. Varney, Ambrose L. O’Shea, 
New York; Edward J. Ronan, Brooklyn. 


AUBURN, N. Y.—Mayor Aiken of 
Auburn has won his fight for dollar gas 
in that city. After August 1 the price will 
be $1.10 a thousand, with a discount of ten 
cents if the bills are paid promptly. This 
is the result of an agreement between the 
Auburn Gas Company and the city 
authorities. Complaint had been made to 
the State Commission of Gas and Electricity 
but this has been withdrawn. 


BOSTON, MASS.—The Boston Heat, 
Light and Power Company, which owns 
the electric and gas lighting plants in 
Clinton and Leominster as well as in 
twenty-five or thirty other towns and cities 
in the State, is to build an immense power 
plant for the generation of electricity at 
Still River Depot, in the town of Harvard. 
Surveys of the property to be acquired are 
now being made. 


BUFFALO, N. Y.—The State Commis- 
sion of Gas and Electricity received to-day 
the complaint against the Buffalo Gas 
Company, made by James N. Adam, Mayor 
of Buffalo. Accompanying the application 
for cheaper gas, both to the city and pri- 
vate consumers, is a request that the com- 
plaint shall take precedence over a similar 
complaint against the Buffalo Natural Gas 
Fuel Company. The hearing in the latter 
case had been fixed for July 26. It is now 
probable that the Buffalo Gas Company’s 
case will be taken up as soon as complaints 
from Syracuse and Albany are disposed of. 
In case the commission should decide to 
give a hearing it probably will be held the 
latter part of August or in September. 


CHICAGO, ILL—The Edison and Com- 
monwealth companies have notified the city 
that they have no present intention of reduc- 
ing their rates for electric light lower than 
the recent cut they made. The information 
came in a letter from William G. Beale, 
counsel for the companies, to Chairman 
Young of the council committee on gas, in 
which the request of the committee to be 
allow ed to put its examiners on the com- 
panies’ books to get data for an ordinance 
fixing the rates was refused. . 

The companies did offer, however, to al- 
low a committee composed of James Bi 
Forgan, Victor F. Lawson, and Bion J. 
Arnold to examine their books as to 
capitalization and operating expenses, and 
in order to save the city money to pay the 
cost of the experts they might employ. 


FORT SCOTT, KAN.—A_ movement 
has been inaugurated in the City Council 
looking toward the establishment of a mu- 
nicipal. lighting plant. It is not intended, 
however, that the plant shall furnish cur- ~ 
rent for private consumers only. 


GENESEO, N. Y.—Alexander Wyness, 
Jr., has just resigned from the superinten- 
dency of the Geneseo Gas and Electric 
Light Company of this village with the in- 
tention of taking up a similar position with 
a large gas, electric light and electric rail- 
way “syndicate, with its headquarters in 
Michigan. Mr. Wyness many years ago 
planned and built the municipal plant in 
Batavia. 


HUMBOLDT, KAN.—This city is to 
have an elaborate lighting plant, which 
will afford street lights and lights for com- 
mercial use. The city council has granted a 
franchise to. V. G. Sprinkle and others to 
build and operate an electric lighting system 
in Humboldt. The stock for the enterprise 
has been subscribed and the plant will be 
built at once. 


JERSEY CITY. N, J—A New Jersey 
charter for a $100,000 concern which pro- 
poses to operate on the Island of Zanzibar, 
off the east coast of Africa, was obtained 
yesterday by the organizers of the Zanzibar 
Electric Light Company. The articles of in- 
corporation, filed with County Clerk John 
Rotherham in Jersey City, set forth that the 
company will generate, furnish and dis- 
tribute electric current for heat, light and 
power. The incorporators are B. S. Mantz, 
Thomas F. Barrett and Felix Ingold, all of 
15 Exchange Place, Jersey City, the regis- 
tered office. 


LOS ANGELES, CAL.—It has been 
settled that the city is to pay half of the 
cost of lighting Broadway for the ensuing 
year. An assessment district is to be drawn 
up for the other half, which will be paid 
by Broadway property owners. The city 
contract for lighting Broadway expired 
June 30. The total cost of lighting Broad- 
way for the first year was $14,315.10. The 
entire cost was borne by the city. The 
city is to pay the entire cost of lighting 
Main and Hill Sts. for the first year. Un- 
der the lighting law, the lights will there- 
after be paid for by levying an assessment 
upon the property owners, the city probably 
paying a proportion. The new contracts are 
to be so worded that the city may reduce 
the candle power and number of lights to 
save expense, or increase them at will. 


MUNCIE, IND.—The city of Muncie, 
Ind., having definitely decided to abandon 
its municipal street lighting plant because 
of the expense of operation, and to enter 
into a contract with a private company to 
furnish light for the streets, is now re- 
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ceiving bids from electric light companies. 
Only two bids have been handed in thus 


far—one by the Muncie Electric Light Com-_ 


pany, which agrees to light the entire city 
at the rate of $57.50 a year for each light 
for the first 260 lights and $45 a light in 
excess of 260; the other by the Indiana 
Traction Company for $65 a year for each 
light, not less than 260 lights to be used. 
Too much politics has been assigned for 
the cause of abolishing the municipal plant. 


NEWARK, N. J.—Articles incorporating 
the People’s Light and Power Company 
were filed in the County Clerk’s office 
yesterday. The incorporators are Philip N. 
Jackson, Oliver W. Jackson and Joseph 
I. Conlon, and the capital stock is put at 
$500,000, of which $10,000 is paid in. 
Philip N. Jackson said yesterday that the 
new corporation is a holding company and 
was formed to take control of four electric 
light companies in New Jersey and develop 
them. One of these companies is presum- 
ably the Shore Electric Company at Red 
Bank, which Mr. Jackson organized about 
a dozen years ago. He says the People’s 
Company is not to enter the field of the 
Public Service Corporation. 


NEW YORK CITY.—Because of the 
reductions in price of lighting the city 
streets and public buildings, the city is 
likely to abandon its project of establish- 
ing a municipal lighting plant. Although 
the city has already acquired a site for the 
establishment of such a plant, and has on 
file a report of experts .as to the. cost. of 
maintenance, it is likely, in view of the 
changed conditions, that the work will be 
halted, temporarily at least. The city has 
not yet officially abandoned the project, 
but if the application for the appropriation 
is denied, it is not likely that any more 
money will be spent on the plant already 
projected. 

A certificate of incorporation was grant- 
ed in Connecticut to Parker, Sheehan & 
Hatch for the organization of the Northern 
Westchester Security Company, with a 
capital of $2,400,000. 

The application was signed by F. A. 
Stratton, Charles H. Werner and Louis B. 
Grant, and stated that the object of the 
company was to acquire and own stocks, 
bonds and other securities of public service 
corporations. It is said that the new com- 
pany is really a merger of the Gas and 
Electric Lighting companies and trolley 
lines.-in Northern Westchester and East- 
ern Connecticut. F. A. Stratton was presi- 
dent of the Westchester Lighting Company. 


OAKLAND, CAL.—Considerable prog- 
ress has been made towards more 
adequately lighting the main streets in 
central Oakland. Electroliers to be erect- 
ed along Broadway and Washington 
streets, from Seventh to Fourteenth, are 
now being cast at Oakland Iron Works, 
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and are promised for delivery within a 


month from now. An even more ambitious 
lighting project is progressing—that of 
placing electroliers along Twelfth street 
from Jefferson street easterly to Lake Mer- 
ritt; also on Twelfth street dam and along 
the boulevard as far as completed on east 
shore of Lake Merritt. 

A committee of Chamber of Commerce 
members, including ‘Will J. Laymance, 
chairman, Henry Abrahamson of Abraham- 
son Brothers. J. «CG. ~Dawney of W. P. 
Fuller & Co., A. J.. Snyder and Chas. H. 
King, capitalists, has the project in hand. 
This committee reported Thursday in fa- 
vor of having the same style of electroliers 
that are to be placed on Broadway and 
Washington streets, and the board of dt 
rectors adopted the report. 

City Engineer Turner for the committee 
made an estimate that it would cost 92 
cents per front foot of private property 
along Twelfth street and the boulevard, 
to put up the electrohers: 

The lack of illumination of the principal 
business streets has been sorely felt the 
last three months. Twelfth street is now 
a very busy thoroughfare and constantly 
becoming more so. With Broadway, 
Washington and Twelfth street lighted as 
proposed the central city will take on new 
life at night, and it is confidently predict- 
ed that property owners on San Pablo 
avenue, Telegraph avenue, Broadway north 
of Fourteenth, and those of all the cross 
streets in the central business districts, 
will soon follow suit and erect electroliers. 


ORANGE, N. J.—City Engineer Fred- 
erick T. Crane has completed work on the 
maps of the city showing the location of 
electric lights to be run in connection with 
the city electric light and power works. 

The new plant is designed to supply 


, current to private consumers and power to 


run the pumping machinery at the sewer 
and water works and light the streets, all 
at a figure considerably under the amount 
charged for years by the Public Service 
Corporation. There now seems no doubt 
that the plant will be in full operation in 
a few months. 


PENN YAN, N. Y—An_ illuminated 
carnival will be held under the auspices 
of Keuka Yacht Club on Tuesday, July 
17, All owners of sail or power yachts and 
as many row boats as possible, whether 
members of Keuka Yacht Club or not, are 
requested to decorate their boats with 
lanterns and participate in the parade. 


PHILADELPHIA, PA.—The Citizens’ 
Electric Light Company has been chartered 
at Harrisburg, with a capital of $10,000. 
With the support of the Committee of 
Seventy, it will compete with the Common- 
wealth Electric Company for the city light- 
ing contract. 

The directors and incorporators are Er- 
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nest C. Bruckman, Pelham Manor, N. Y.; 
Walter A. Worrall, New York, and Lewis 
Davidson and Matthew K. Sniffen, of this 
CILY. 

PORTLAND, ME.—The deal for merg- 
ing Portland’s two electric lighting systems 
has been completed. Standard Oil capital 
is said to be backing it. The Portland Elec- 
tric Light Company was incorporated, with 
$1,500,000 capital. The company has pur- 
chased the water privileges and the Har- 
graves Woolen Mills at West Buxton, on 
Saco River, and will establish an extensive 
electric plant there, to furnish power to the 
woolen mills and supply electricity to Port- 
land for manufacturing purposes. 


ROCHESTER, N. Y.—On Wednesday, 
August Ist, Second Vice-President W. M. 
Eaton, of the Rochester Railway and Light 
Company, who is also general manager of 
that corporation, will turn over the duties 
of the latter office to a successor, who has 
already been appointed. It is a promotion 
for Mr. Eaton, and comes as a direct re- 
sult of the work he has done in Rochester. 

Mr. Eaton resigned the office of second 
vice-president and general manager of the 
Grand Rapids (Mich.) Gas Light Company 
on June 3, 1904, to accept the office of 
general manager of the Rochester Railway 
and Light Company, the duties of which 
he assumed twelve days later, within a 
few weeks after the merger that resulted 
in the organization of the Rochester Rail- 
way and Light Company became effective. 

The. new general ‘manager is* Ro, 7M: 
Searle, at present general manager of the 
Westchester Lighting Company, with head 
offices in Mount Vernon, N. Y. 

Mr. Searle is about 38 years old and has 
held his present position for about four 
years. He went to Mount Vernon from 
the Atlanta (Ga.) Gas Light Company, of 
which he was general manager for about 
six years. The company was organized in 
1856, and Mr. Searle introduced modern 
methods into the company. For several 
years previous to his going to Atlanta, Mr. 
Searle was general manager of the com- 
pany that supplies Johnstown and Glovers- 
ville, this State, with gas and electricity. 


SCHENECTADY, N. Y.—The heads of 
the municipal departments are agitating 
the matter of the construction of a munici- 
pal lighting plant. They allege that the 
present rates for lighting are excessive and 
propose to convert an old pumping station 
into a generaing plant. 


SCRANTON, PA.—The first step to- 
ward municipal ownership of an electric 
light plant to light the city was taken 
July 13, when Common Councilman Al- 
bert Davis, of, the Fifth Ward, ‘intro- 
duced a resolution directing the Director 
of Public Works to have prepared plans 
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and ascertain -the cost of a plant fully 
equipped with machinery for the furnish- 
ing of electric lights for the entire city. 


SENECA FALLS.—The Seneca Edison 
Company of this place has made applica- 
tion to the State Commission of Gas and 
Electricity for permission to consolidate 
with the Geneva Power and Light Com- 
pany. 

TOPEKA, KAN.—The Topeka Electrical 
Company was granted a franchise for thirty 
years by the city council last night and 
within eighteen months Topeka will have 
a new electric lighting plant, which will 
cost in the neighborhood of $125,000 or the 
franchise will become invalid. In return 
for the franchise, the electrical company 
will have to operate and supply power for 
thirty street lights on Kansas avenue from 
the north to the south limits of the city. 
The franchise provides for maximum rates 
to be charged as follows: 

For residence lighting, nine cents per 
thousand watt hours. 

For commercial lighting, six cents per 
thousand watt hours. 

For power, five cents per thousand watt 
hours, except power for electric elevators, 
for which the maximum rate shall be six 
cents per thousand watt hours. 

For all electric current furnished to the 
city of Topeka for lighting the city prison, 
fire stations, and all other municipal build- 
ings (except the Auditorium, to which the 
rates for commercial lighting shall apply), 
and for power, the rate shall not exceed 
four cents per thousand watt hours; and 
for lighting public school buildings the rate 
shall not exceed four cents per thousand 
watt hours. 


TRENTON, N. J.—Governor Stokes has 
signed the bill of Assemblyman Jones, of 
Camden, enabling that city to construct and 
maintain a municipal light, heat and power 
plant. 


WATERTOWN, June 17.—Since the in- 
corporation of the Watertown Light and 
Power Company and the announcement 
that it was a consolidation of the Water- 
town Gas Light Company and the Water- 
town Electric Company it has been ru- 
mored that one effect would be felt in an 
increase of prices and that John B. Tay- 
lor would not be. connected with the new 
corporation. 

Mr. Taylor says in an open letter: “If I 
am connected in any way with the new 
organization, and I expect to be, I hope 
that as soon as the process of construc- 
tion has been passed through by these 
companies, probably about December 1, 
a schedule of prices both for gas and elec- 
tricity will be arranged that will give the 
consumers a substantial reduction from the 
present prices.” 
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Practical Problems in I}luminating Engineering 


VI. LIGHTING A MERCHANT TAILOR’S SHOP 


By ArTHUR A. ERNST. 


The present case is not an elaborate 
one, nor one requiring any high degree 
of engineering skill, but simply a fair 
example of the ordinary problem 
- which the electrical contractor or cen- 
tral station solicitor is continually be- 
ing called upon to solve. 

The room is occupied by Hansen & 
Shackleton, located at 5 W. 42nd St., 
New York, and is 19 feet wide by 64 
feet long, with ceiling 8 feet high. 
Daylight is admitted only through the 
show windows in the front. The in- 
terior finish consists of an oak wain- 
scoating about three feet high around 
the walls, above which the walls are 
tinted a buff color. The ceiling is of 
pressed steel painted light gray. The 
woodwork is finished with a blue-gray 
tint of “weathered oak.” The general 
plan of the room with arrangement of 
tables, mirrors, etc., is shown in Fig. 1. 

The original installation consisted 
of five chandeliers fitted with four elec- 
tric and four gas lights each, spaced 
uniformly down the center of the ceil- 
ing. The electric lamps were turned 
down at an angle of 45° and equipped 
with small porcelain shades. The 
chandeliers had been at one time 


equipped with incandescent gas burn- 
ers; but these were not satisfactory to 
the proprietor, and the electric lamps 
were used instead. The faults of the 
lighting by this method were unequal 
illumination on the various counters 
and tables, insufficient intensity on the 
goods, and obstruction of the view by 
the chandeliers, which were . of 
wrought iron design and finish. 

In this case it was required to pro- 
duce a higher illumination at the coun- 
ter level without increasing the amount 
Gheculient..-) ne sineatis- used; were 
required also to have a generally sight- 
ly or decorative appearance, and the 
light furthermore must be fairly ac- 
curate in color values, or at least not 
give distortions in appearance from 
either daylight or artificial light con- 
ditions. Arc lamps would have given 
the required intensity of illumination, 
butawere pejected on account ‘of ‘the 
difficulty of making them decorative, 
especially as the ceilings are low, and 
also on account of the cold effect pro- 
duced by their bluish light. As an- 
other condition was to keep the cost 
of changes in the installation as low as 
possible, it was decided to resort to 
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FIG. I.—FLOOR PLAN, AND POSITION OF LAMP ON CEILING. 


the very simple expedient of placing 
ordinary 16 candle power 3.1 watt 
lamps in a symmetrical arrangement. 
This necessitated some additional wir- 
ing; to provide for this, and at the 
same time add to the appearance of the 
room, a 4 inch oak molding, finished 
like the rest of the woodwork, was 
placed so as to form three rows of 
panels lengthwise of the ceiling. At 
the intersection of the molding, and 
in the center of each panel in the cen- 
ter row, a lamp and reflector were 
placed, a flat canopy and socket being 
the only fixture used. This required 
the use of twenty-three lamps and re- 
flectors. In the original installation 
there was a six light cluster under a 
flat porcelain reflector placed over the 
entrance, making twenty-four lamps in 
all. The change in installation there- 
fore reduced the number of lamps by 
one. 

The curve of distribution of the re- 
flector used, and the horizontal inten- 
sity on a plane five feet below the 
lamps (counter light) is shown in 
Fig. 2. It will be seen that this shows 
a maximum of somewhat over one 
foot-candle produced by a single lamp, 
and the additional light from different 
sources, with the diffuse reflection 
from ceiling and walls, will probably 
raise the general intensity on this plane 
to nearly two foot-candles. For the 
illumination of dark and non-reflecting 
goods, like woolens, this may be 
thought rather low, and it certainly 
would not be wise in any case to pro- 
vide for less, and would probably be 
better generally to calculate on a little 


more. In the present case, however, 
the proprietor is well satisfied with 
the results. The removal of the chan- 
deliers and placing the lights close 
against the ceiling adds both to the 
apparent height and size of the room, 
while the scattering of the units gives 
the appearance of greater general il- 
lumination. 

As was stated at the beginning, the 
changes made were simple, but the 
results, so far as the user is concerned, 
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FIG. 2.—CURVES OF DISTRIBUTION AND 
ILLUMINATION. 


are entirely satisfactory, and a dis- 
contented user of electric light has 
been turned into a satisfied customer. 
There are any number of similar 
cases in which like simple expedients 
would produce the same general re- 
sult; and it is among such simple, ev- 
ery-day cases that the illuminating en- 
gineer must, at least at the beginning, 
find a large proportion of his work. 
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The Illumination of the Federal Building, 
Chicago, III. 


By J. E. WoopweE Lt. 


In the preceding article upon this 
subject the decorative fixtures and 
general scheme of illumination of the 
public spaces of the building were de- 
scribed and illustrated. In each of the 
minor offices and work rooms as well 
as the large offices and floor areas as- 
signed to more than 4,500 employees 
in the Postal. service, practical prob- 
lems in illumination were encountered 
in the greatest variety. In the smaller 
offices and work rooms throughout 
the building the principal illumination 
is secured from fixtures of relatively 
simple design and of a type whose effi- 
ciency has been demonstrated by ex- 
perience. 

Fixtures of the type shown in Fig. 
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I and Fig. 2, are used in the more im- 
portant office rooms and are equipped 
with finial switches controlling each 
individual light separately. In the 
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minor offices 3 to § light pendants of 
the design shown in Fig. 3 are used, 
hung 7’ o” from the floor in rooms of 
a ceiling height of 10 feet or less and 
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8 feet in cases where the ceiling height 
exceeds 10 feet. For small stair halls 
and corridors a simple 2 light ceiling 
fixture of the type shown in Fig. 4 is 
used, the length being 15 inches for 
ceilings 10 feet high or less, and 24 
inches for higher ceilings. 

The large working areas of the Post 
Office are equipped with 6 and 8 light 
pendants of the type shown in Fig. 5, 
hung generally at a height of 10 feet, 
and in small rooms 8 feet from the 
floor. The last three types of pendants 
described above are furnished with 
pendant switches hung within reach 
for the control of the lights. 

The angles at which the sockets are 
placed on the above fixture were stud- 
ied with reference to securing in con- 
nection with the use of Holophane re- 
flector shades the most effective dis- 
tribution of the light. To relieve the 
socket from the weight of the glass 
shade and to provide a rigid support 
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FIG. 33) 


for the glassware at the proper angle 


it will be noted that all of the fixtures 
are equipped with a metal husk or 
spun shade holder completely inclosing 
the socket and substantially secured to 
the-arm of the fixture. 
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Figure 6 shows a simple and inex- 
pensive form of electric bracket used 
in vaults, storage rooms, etc. Brack- 
ets of the type shown in Fig. 7 are 
used in bath and toilet rooms, one de- 
sign having a swivel joint and swing- 
ing arm by which the lamp may be 
swung in various positions when lo- 
cated adjacent to a wash-bowl and 
mirror. With white walls an excel- 
lent illumination is secured in small 
bath rooms by the use of one light 
bracket of the above type, equipped 
with a special Holophane bracket. 


-, 
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shade and an 8-candle-power lamp. 
Chain pull sockets are used on all 
bracket fixtures for the control of 


lights. 
In certain vaults, closets, bath 
rooms, etc., a single pendant of the 


form shown in Fig. 8 is used, while 
in small and narrow passages a two- 
light pendant of the simple design 
shown in Fig. 9 is installed. The fix- 
tures above illustrated aggregating 
over 8,000 lights, constitute the larger 
proportion of the regular fixture 
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equipment and are typical of numerous 
special designs not mentioned. Some 
idea of the important part these rela- 
tively simple fixtures, averaging in 
cost less than $2.50 per light including 
prismatic shades, play in the general 
scheme of work rooms and office il- 
lumination may be gained when it is 
realized that the area illuminated by 
fixtures of the types shown exceeds 
IO acres. 

In the Post Office working rooms 
many special features of illumination 
are provided in connection with the 











FIG. 7. 


sorting sacks, pouching tables, dis- 
tributing cases and other furniture 
with which this portion of the build- 
ing is fully equipped. Some of the 
conditions to a successful solution of 
the problem of illumination in the pos- 
tal work rooms are that the method 
chosen shall prove equally satisfactory, 
with respect to the intensity and posi- 
tion of the light, to three shifts of 
employees working consecutively 
throughout the twenty-four hours. 
The fixture installed and the method 
of its wiring and connection must be 
such as to permit of the relocation of 
the furniture with the least cost and 
labor, while the control of the lamps 
must be such as to enable the enforce- 
ment of stringent rules to prevent 
waste of light when not required. 
Finally the method chosen should be 
economical, especially in view of 16 or 
18 hours’ service daily. 

In attempting to solve these prob- 
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lems to the best advantage nearly 
every form of commercial lighting 
accessory has been tried and experi- 
mented with under actual working 
conditions. 

As a result of these tests the light- 
ing system finally adopted for the pos- 
tal service on the entire second floor 
of the building, about 85,000 square 
feet in area, includes for a basis of 
general illumination 312 one-light pen- 
dants and 34 three-light clusters, all 
equipped with 8-candle-power lamps 
and prismatic reflectors. The pendants 
are spaced 12 to 14 feet on centers and 
are arranged to be controlled in groups 
of 6 to 12, according to the divisions 
of office work and arrangement of 


furniture. 


An important branch of the work 
performed on the floor is the sorting 
of mail on tables, and its distribution 
in pouch racks. To meet the exacting 
requirements of this work for illu- 
mination, special fixtures of the design 
shown in this photograph, Fig. 10, 
have proved most successful. The con- 
duit support is attached permanently 
to the pouch rack and may be moved 
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FIG. I0.—SORTING AND DISTRIBUTING MAIL. 


with it if desired. Socket connections 
are conveniently made in the conduit 
by the use of “condulet” fittings, while 
the circuit for each pouch rack is con- 
trolled and protected by a switch and 
inclosed fuses mounted on a single 
base at a convenient location. The il- 
lumination secured by the use of 8- 
candle-power lamps with prismatic re- 
flectors spaced about 2 feet apart in 
the position shown on the photograph, 
has proved amply sufficient in intensity 
while the distribution of light obviates 
the shadows and retinal fatigue which 
have accompanied the use of more 
powerful concentrated light sources. 
384 lamps are arranged in the manner 
above described. 

The mail sorting for the city divi- 
sions is performed in the pigeon-holes 
of furniture cases and for this work 
each “icarrier “eases 643 an) alles 
equipped with an adjustable bracket 
fitted with a key socket, 8-candle- 
power lamp, and_ parabolic-shaped 


metal shade with a satin finish interior 
reflecting surface. The bracket is ad- 
justable as to height, angle of socket, 
and swivel to the right and left in or- 
der to suit the individual preference 
of the employees, while each row of 
cases subject to change in floor loca- 
tion is connected to an adjacent section 
or to the working system of the build- 
ing, by means of a fitting of the same 
type as is used for electrical connec- 
tions between a trailer and motor car 
in street railway practice. The two 
halves of this trailer connection are 
identical and permit the interchange of 
groups of cases or the removal of com- 
plete sections to another part of the 
work room and their subsequent con- 
nection for electric lighting service 
without the usual interruption in the 
latter and labor and cost of making 
temporary and permanent electrical 
connections. 

In the money order division on the 
first floor, clusters fitted with prismatic 
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FIG. II.—SORTING TABLES LIGHTED WITH LAMPS IN REFLECTOR SHADES. 





FIG. 12.—MONEY ORDER DEPARTMENT. TABLES LIGHTED WITH CLUSTERS UNDER 
PRISMATIC REFLECTORS. 
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FIG. 13.—MONEY ORDER DEPARTMENT. TABLES LIGHTED WITH PORTABLE ADJUSTABLE LAMPS 
IN REFLECTOR SHADES. 


reflector shades are used over the ad- 
vice tables as shown in the photograph, 
Fig. 12, while in another section illu- 
mination for similar table work is se- 
cured entirely by adjustable brackets 
as shown in Fig. 13, the fixture being 
similar in type and containing the 
same features of adjustability as the 
bracket used on the sorting cases men- 
tioned above. Both of the latter 
schemes of lighting provide adequate 
illumination but are accompanied by a 
certain amount of objectionable reflec- 
tion of the light from papers on the 
tables to the eye. 

For the illumination of the interior 
driveway and mailing platform, multi- 
ple enclosed arc lamps of 6 ampere ca- 
pacity and fitted with opal outer globes 
are at present employed, but in view 
of the superiority demonstrated by the 


Cooper Hewitt lamp in similar loca- 
tions the installation otf the latter to! 
displace the arc lamp is now under' 
contract. The Cooper Hewitt lamp 
will also be installed in certain other 
locations in the Post Office work 
rooms where the hours of service are 
practically continuous. 

In conclusion, the features worthy 
of especial note in this illustration as 
a whole are the use of lamps of 8- 
candle-power with prismatic shades, 
the design of fixtures as to the height 
and position of lamp and reflector to 
secure proper distribution of light and 
finally the control of lights by pen- 
dant or finial fixture switch, chain pull 
socket as well as by wall and group 
switches to render possible an admin- 
istration which would prevent waste 
in the use of light. 
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Plain Talks on [lluminating Engineering 


By EEE ELiorr: 





Every civilized human being uses 
artificial light every day. When the 
light of a fire, or from the flame of a 
candle or oil lamp was the only means 
of producing light, there was httle to 
know about its use, and correspond- 
ingly small chance that it would be 
used to advantage. At the present 
time the production and use of light 
is such a complicated subject, and the 
different purposes for which it is used 
so various, that the chances are in 
favor of the average user securing 
results far inferior to the best obtain- 
able. Poor illumination is so common 
that the majority of people still con- 
sider it one of the necessary evils, and 
continue to suffer the inconvenience, 
with only an occasional kick against 
the bills of cost to show their recog- 
nition of the faults. 


There are undoubtedly a large num- 
ber of people who would willingly 
spend the time necessary to learn how 
to secure better and more economical 
results 1f the necessary knowledge, set 
down in plain, untechnical language, 
and expressed as briefly as possible, 
were readily obtainable. For the pur- 
pose of reaching this class of our read- 
ers, we shall attempt to set forth in a 
series of talks the most important facts 
and principles pertaining to the subject 
of Illuminating Engineering. In such 
a treatment of the subject, there will 
necessarily be statements of many ele- 
mentary facts with which the profes- 
sional is already familiar; but such as 
find the matter trite or uninteresting 
have the easy remedy of “skipping”’ it. 
It is easier for the professional to skip 
what he already knows than for the 
layman to find a simple explanation of 
what he does not know. 

Illuminating Engineering is a some- 
what high sounding expression, and 
lest othe) reader be overawed'at= the 
beginning by this combination of large 
words, it will be well to analyze their 


meaning, and get a clear idea at the 
outset of the nature and scope of the 


‘subject which we propose to discuss. 


Illumination may be defined roughly 
as the use of light. The word “engi- 
neering” is a familiar term—so famil- 
iar as to suggest only a vague idea to 
the lay mind. We hear of “civil engi- 
neering,” “mechanical engineering,” 
“electrical engineering.” “sanitary en- 
gineering,’ and “engineering a deal.” 
In-all ot these cases: it-is evidently 
meant that certain special knowledge 
relating to the particular subject men- 
tioned is applied in such a systematic 
manner, and in accordance with such 
established rules and laws peculiar to 
the conditions, as to bring about re- 
sults that could not otherwise be ob- 
tained. lhenencineer, is,"above alla 
practical man — one who applies 
knowledge to the achievement of sub- 
stantial and practical results. The 1l- 
luminating engineer is therefore one 
who by reason of his special knowl- 
edge of the subject of light, can so 
arrange the various materials, appa- 
ratus and agencies required in its pro- 
duction and use as to secure better 
results, 7. e., better illumination, than 
can be obtained by one not possessing 
such accurate knowledge and skill. 

Engineering partakes both of the 
nature of a Science and an Art.~ Sci- 
ence signifies the special and accurate 
knowledge; art, the skill and judg- 
ment which ts required to successfully 
use that knowledge. Knowledge alone, 
no matter how complete or exhaustive 
it may be, can never make a success- 
ful engineer; it might make a suc- 
cessful professor. The general formu- 
la for the engineer to keep in mind is 
this); 


Knowledge + judgment = Engi- 
neering. 
Knowledge can be secured by 


study: judgment comes partly by 
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nature, but mostly from experience. 
All we can hope to accomplish, then, 
in our present discussion is to make 
plain such elementary and fundamen- 
tal principles of the subject as to fur- 
nish a sound basis upon which judg- 
ment may rest. 

The knowledge requisite as a basis 
of any branch of engineering must 
first of all be exact. Mathematics in 
general may be considered as exact- 
ness. reduced to its last analysis ; hence 
the important part which this subject 
forms in all engineering courses. 

Exactness begins in a definition of 
terms. Definitions are dry reading, 
but they are to science what the alpha- 
bet is to literature—an absolute neces- 
sity for its study and understanding. 
It is particularly essential that we give 
careful attention to the matter of defi- 
nition in our study of the principles of 
illumination, for the reason that this 
matter has unfortunately been sadly 
neglected thus far, with the result that 
a great deal of confusion, misunder- 
standing, and error has become com- 
mon. 

We have stated that illumination 
may be defined as light put to practi- 
cal-uses,. Lets. therefore sirst. set 
about studying the nature of light. 
The text books say that “light is that 
form of energy which is capable of 
affecting the optic nerve,” which 
means that light is that which enables 
us to see things. It produces, to be 
sure, many other effects besides that 
which we call vision; but with these 
we have very little to do, so far as the 
present subject is concerned. 

The word light is also used in two 
other senses than the one which we 
have just designated: thus, it is some- 
times used to mean the effect of light 
upon the eye, as when we speak of 
“seeing light” ; and it is also very com- 
monly used to designate the source of 
light, as when we speak of a “gas- 
light,” or “electric” light-’ -, For the 
sake of accuracy it will be best to use 
the full term, light-source, to signify 
that which produces light, leaving the 
word “light” to have always its one 


single meaning; viz., the physical cause 
of the sensation of vision. 

The nature and action of light forms 
one of the most obtruse subjects in 
all natural science; but the knowledge 
of its properties and action so far as 
is required for the general practice of 
illuminating engineering is not beyond 
the comprehension of the average 
mind. 

It is known with almost absolute 
certainty that light is a wave motion 
in a substance, or “medium” which 
fills all space, and which is designated 
by the term “ether.” It is thus in a 
way similar to sound, which is a wave 
motion transmitted through the air. 
The waves which constitute light, 
however, are enormously more rapid 
in their motion than sound waves, and 
have a corresponding greater velocity ; 
while sound ordinarily travels about 
1,600 feet per second, light travels 
142,000 miles in a second, and the 
slowest of the vibrations which affect 
the eye are at the rate of 3,920,000,- 
000,000,000 per second. This number 
is far beyond the comprehension of the 
human mind; and it is one of the strik- 
ing facts of science that a number of 
such magnitude has been determined 
with a doubtless almost perfect accu- 
racy. The action of these rapid vibra- 
tions or waves upon the eye produce 
the effect which we know as vision; 
the rate of vibration, however, which 
is capable of effecting the eye and pro- 
ducing the sensation of light, or vision, 
varies through a considerable range. 
The rate above given is, as stated, the 
lowest which can so affect the eye, and 
any rate from this up to 7,600,000,- 
000,000,000 per second produces the 
visional effect. 

The different rates of vibration, 
while producing the general effect of 
light, give rise to the differences in 
quality which we know as color. The 
slowest rate of vibration produces 
dark red, and the most rapid, pale 
violet. Between these extremes are 
ranged the other colors, in the order 
in which they appear in the rainbow, 
and as set down in the diagram below. 
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If the rate of vibration is less than 
that which we recognize as red light, 
it ceases to produce the effect of vis- 
ion, and constitutes what is known as 
Eadiait. Neat. ouch tays.are. called 
infra red rays, meaning rays below 
the red. The radiations that are more 
rapid than the violet, and which like- 
wise do not produce the sensation oi 
light, are called wltra violet rays, 
meaning rays beyond the violet. From 
the fact that such rays act upon cer- 
tain chemicals, they are also frequently 
called actinic rays.” 


Bive |Ioico|VIolet 


i 


VISUAL EFFECT OF THE DIFFERENT COLORS. 





Rep 


The rays which most powerfully af- 
fect the eye are those which we des- 
ignate by the color as yellow. The 
rays on either side in the order given 
in the diagram produce less visual 
effect. This is represented roughly by 
the shading of the band in the dia- 
eram. The different colored rays of 
light spread out in their natural order 
is called a Spectrum. The rainbow is 
thus the spectrum of the sun’s light, 
or solar spectrum. Light from other 
sources may have a different spectrum, 
as we shall see later. 

It will perhaps help to an under- 
standing of the nature of light to com- 
pare it again with sound: thus, the 
spectrum, or range of colors, is in 
light the exact counterpart of the mu- 
sical scale in sound; red corresponds 
to the note of lowest pitch capable of 
being heard, while violet corresponds 
to the highest pitch, and the interme- 
diate shades of color to the different 
notes in the scale. 

Light, both natural and artificial, is 
always accompanied by heat, in fact, 
the red rays are undoubtedly capable 
of producing both sensations. Heat is 
the only agency through which we 
can produce light artificially; and the 


one great problem in the production of 
light is therefore to secure the great- 
est amount of hight to a given propor- 
tion of heat. The immediate source 
of light is always a hot body or sub- 
stance. In general, the higher the 
temperature of the body the greater 
amount of light will be produced in 
proportion to the heat generated, and 
the higher efficiency of modern light- 
sources is due to the discovery of 
means of raising bodies to, and main- 
taining them at, a higher temperature 
than was formerly possible. An ordi- 
nary flame consists of invisibly small 
particles of carbon heated to incan- 
descence. The phrase “heated to in- 
candescence” is the technical expres- 
sion meaning, heated to the point of 
giving out light: an incandescent body 
is one which “gives out light. 

Besides giving out more light in 
proportion to the heat, the light also 
increases in whiteness, that is, comes 
nearer to the color of sunlight, at the 
lighers temperatures «A hus. the<cen- 
tral draft kerosene lamp burners give 
a much whiter flame than the ordinary 
flat wick burner, for the reason that 
the extra supply of air furnished to 
the flame causes it to burn at a higher 
temperature. The filament of an in- 
candescent lamp offers another famil- 
iar illustration of the same fact; when 
run at over voltage, it gives a much 

whiter light, and produces more of it 
for a given amount of current. In 
order to secure high efficiency, there- 
fore, the incandescent body must be 
able to withstand a high temperature, 
1. €., be highly refractory. Carbon is 
one of the most refractory of substan- 
ces; one form of it, graphite, is used 
in making crucibles, that are to be 
used in high temperature work. This 
property enables it to be used in both 
incandescent and electric arc lamps. 
The arc lamp is much more efficient 
than the incandescent for the single 
reason that the portion of the carbon 
which produces the light is heated to 
a very much higher temperature by 
the arc than it is possible to maintain 
the carbon filament of the incandescent 
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lamp; and this also accounts for the 
whiteness of the light. As the tem- 
perature of a body is increased, the 
amount of blue and violet rays is in- 
creased, so that at higher temperatures 
the light runs into these colors, as in 
the case of the arc. The color of the 
light emitted is thus an indication of 
the temperature, a fact which is made 
use of in metallurgy and other opera- 
tions requiring great heat, to judge 
degrees of temperature. 

Temperature, however, is not the 
only condition effecting efficiency of 
light production. Different substan- 
ces have different powers of radiating 
light when heated to a given tempera- 
ture. Carbon, which is black, is not 
as good a light radiator as a number 
of white substances which are also 
refractory. A piece of burned lime 
can be heated up with an oxyhydro- 
gen flame to a point of intense incan- 
descence, forming the familiar lime- 
light, which was the first really high 
power light-source to be used. 

The high efficiency of the Welsbach 
gas burner and the Nernst lamp is due 
to these two facts, that is, the use of 
a white substance having a higher 
light radiating power, and a means of 
raising it to a high temperature. 

Substances in the form of a gas or 
vapor are more efficient light radiators 
than solid bodies. The light of the 
sun is due to incandescent gases; 
among artificial lights the Mercury 
Vapor Lamp, developed in this coun- 
try by Cooper Hewitt, and the so-call- 
ed Vacuum Tube Light, of Moore, in 
which air is the luminous substance, 
are the only practical examples of the 
use of luminous gases as light pro- 
ducers; both of these are highly effi- 
cient. 

That which is used to produce light 
we may call the Luminant; the lumi- 
nants in common use are artificial and 
natural gas, acetylene gas, electric cur- 
rent, petroleum, and various oils and 
fats. 

Bodies which give out light are call- 
ed Luminous Bodies; those which do 
not, Non-luminous; a non-luminous 
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body upon which light falls becomes 
an Illuminated Body. 

Substances which allow light to 
pass through them in such a way that 
objects may be clearly seen through 
them are Transparent, such as window 
glass, and water; those which allow 
light to pass through, but scatter it 
in such a way that objects cannot be 
seen through them, are Translucent, 
such as ground glass, and milk; those 
which do not allow any light to pass 
through are opaque. 

Light has two properties—Intensity 
and Composition; or in more familiar 
terms, brightness, and color. Bright- 
ness, or intensity, is a quantity, capable 
of measurement (it is easy to conceive 
of one light being twice as bright as 
another ) ; color, however, is a quality, 
and therefore incapable of measure- 
ment. 





SUMMARY. 
DEFINITIONS. 


Licht: The cause of the sensation of 
vision, or seeing. 

ItLuminaTion: Light used for the pur- 
pose of making objects visible. 

LuMINANT: A substance or means used 
for making artificial light. 

Luminous Bopirs: Those which 
out light. 

TRANSPARENT: The quality of the body 
which allows objects to be seen through it. 

TRANSLUCENT: The property of a body 
which allows light to pass through in a 
diffused form. 

OpaguE: The quality of a body which 
does not allow any light to pass through. 

INCANDESCENT: Emitting light. 

TEMPERATURE OF INCANDESCENCE: The 
temperature at which a body gives out 
light. 


give 


PRODUCTION OF LIGHT. 


Light is produced only by means of heat. 

Efficiency increases with temperature, 
and depends upon the surface of the body 
emitting it. 

Carbon is not as efficient a radiator as 
lime and other white substances. 

Gases are more efficient radiators than 
solids. 


PROPERTIES OF LIGHT. 


The two properties of light are: Intens- 
ity and Composition. 

Intensity, or brightness, is the power of 
the light to produce illumination. 

Composition determines the color effect 
of the light. 
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The Cooper Hewitt System of Mercury 
Vapor Lighting 


By ©. H. Vom Baur. 


To say that the mercury vapor lamp 
is not applicable for general use on ac- 
count of its color, is doing it an injus- 
tice ; for who will define the term “gen- 
eral use” in the sense which it is meant 
herer We have not yet seen the mer- 
cury vapor lamp light up art galleries, 
nor department store counters, but 
where is there an enclosed arc lamp 
that will not disturb the blues, as the 
mercury vapor limp does the reds? 
Incandescent lamps give a well defined 
distortion to the red and orange colors. 
It is so long ago though now since the 
incandescent was first introduced that 
we are well used to its pleasant color 
distortion, while we are quite unused 
to the unexpected color distortion of 
the mercury vapor lamp. 

Every day brings this new tube 
light into a new field. Where it was 
first only used in photographic studios 
and printing establishments on r10 volt 
direct-current circuits, it is now used 
to illuminate central stations, even on 
600 volts D. c. and gas houses with 25 
cycles and 440 volts a. c. Foundries 
and machine shops, silk and cotton 
mills are among its largest users. Ter- 
minal stations, freight yards, specialty 
factories and shipping rooms come 
close behind. Automobile garages, 
barns and stables use them largely. 
For general office work and drafting 
rooms they have no equal. In one 
space of 6,500 sq. ft., 9 ft. 6 in. high 
ceiling, seating 161 clerks, fourteen 
300 c.p. lamps, using no reflectors, give 
a splendid illumination, varying from 
12 foot candles to 9.2 foot candles on 
the desks, with a power consumption 
of 2414 amps. at IIo volts D. c., or 2.7 
kilowatts. 

Figure 13 shows a machine shop. 
The picture was taken entirely by the 
Cooper Hewitt light, the iron shut- 
ters of the room being closed. It is 
easy to note the general evenness of 


the illumination with the absence of 
glare, together with the easy shadows 
and the searching quality of the light 
as it shines on either side. The lamps 
were about 15 feet apart, giving a dis- 
tribution substantially the same as in- 
dicated by Figs. 1, 2 and 6. 

Figure 12 shows a drafting room il- 
luminated by Type K lamps. The same 
qualities are noticeable here. The con- 
trasts of light and shadow being even 
smailer. The halation in both of these 
pictures is a minimum, indicating the 
absence of glare. 

Figure 11 pictures an erecting shop 
first floor, equipped with two 300 cp. 
lamps. The exposure was much too 
long, being 15 minutes, hence the hala- 
tion. This picture was taken at night, 
and shows plainly that it is a splendid 
light to work by. 

Dr. D. T. Day (American Magazine, 
April, 1906), lays great stress on the 
difference between the glare and the 
glow of different artificial illuminants. 
Starting with the light having the 
highest glare and going down the line 
to the light having the highest glow 
value, he  gives—acetylene, arc, 
gas, candle, incandescent Welsbach, 
Nernst, oil, osmium, tantalum, Cooper 
Hewitt. 

Dr. Day says the Cooper Hewitt is 
the “largest and mildest glowing sur- 
face.” Thus the Cooper Hewitt has 
the highest glow value, that is to say it 
is a “soft light.” This helps to make 
it easy on the eyes. In this connection 
Dr. C. P. Steinmetz pronounces it the 
only “harmless artificial illuminant.” 
Gilécn Wake Ee Hebwt0#1602 )- 

In all of these places illustrated, and 
wherever the lamp is in general use, 
the color objection is soon waived. 
This is readily understood from the 
remarks of a large manufacturer when 
he said they. were “giving excellent 
satisfaction.” Another manufacturer 
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said: “The mercury vapor lights have 
been burning every working day for a 
period over a year and have never 
given us the slightest trouble. We 
have failed to discover any diminution 
of light or any increase in the amount 
of current consumed.” 

With regard to its effect upon the 
eyes—a much mooted question—a 
newspaper printer says: ‘“‘They are 
giving perfect satisfaction. The light 
is steady and well diffused. It is much 
less trying to the eyes and much more 
satisfactory to the men in every way 
than any light I know of for the pur- 
poses to which we have put it.” 

A printer using eighty-eight 300 c.p. 
lamps said: “Our employees prefer it 
because of its softness and steadiness, 
as it does not affect their eyes detri- 
mentally.” 

The great natural diffusion of tube 
illumination, due to its low intrinsic 
brilliancy, and the large area of the 
light-giving source, make it particu- 
larly applicable for spaces which are 
partly obstructed by posts, belting, or 
other vertical or horizontal objects. 
The ability of the light to shine 
through the interstices of the leaves of 
trees is particularly noticeable. A 45- 
inch tube will illuminate both sides of 
a field lathe and not throw any per- 
ceptible shadow beneath it. In short, 
one Cooper Hewitt lamp will “shine 
around a corner,’ which would take 
two lamps of any other kind to accom- 
plish the same purpose. 

In making subsequent tests on mer- 
cury vapor lamps in various labora- 
tories with different types of photo- 
meters, with greater and lesser length 
of photometer bars, and varied stan- 
dards, it was found after repeated 
tests that the candle-power varied as 
much as 7% above and 15% below the 
normal value determined several years 
ago. Recent: testsemade-in ‘a~ Paris 
laboratory (See London Elec., July 
20), show the candle-power to have 
varied as much as 46% with different 
length of photometer bars. In the 


light of this larger discrepancy the re-. 


sults tabulated here are well within 
practical limits, as in no case was the 
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test lamp farther than 48 feet away 
from the photometric screen. 

The following values (that is, the 
maximum light perpendicular to the 
axis of the tube), for Cooper Hewitt 
Lamps have been established at 300 
c.p. for:the 21-inch or Type-°H” pec: 
lamp, taking 192 watts; at 425 c.p. for 
the 28-inch of Type “C’ a.c. lamp, 
taking 275 watts, and at 700 c.p. for 
the 45-inch or Type “K”’ p. c. lamp, 
taking 385 watts, all on 110 volt cir- 
cuits. 

As the c.p. varies so much with the 
conditions and due to the light source 
being a comparatively large surface, 
the law of inverse squares hardly 
holds. Yet the results with reflector, 
giving in percentages of the maximum 
light of the naked tube, will always 
give satisfactory results, when figur- 
ing the candle foot intensities or other 
problems. The luminous effect if any- 
thing, is greater, as the values so used 
were obtained with a regular photo- 
meter, the law of which does not strict- 


AE 
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FIG. I.—DISTRIBUTION IN A PLANE PERPEN- 


DICULAR TO THE TUBE. 





FIG. 2.—DISTRIBUTION IN A PLANE THROUGH 
THE AXIS OF THE TUBE. 
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FIG. 3. 


ly apply for long tubes as has been 
found by several investigators. 
The curves (Figs. 1 and 2), show 


Taste: £. 





and Fig. 1 is taken perpendicular to 
the axis of the tube. The results of 
two curves in the vertical plane as 
shown in these figures is not sufficient 
to afford conclusive mean values. In 
order to determine the exact mean 
spherical reduction factor, a much 
more exhaustive test would have to be 
made. These curves, however, via the 
Rousseau diagram, are correct within 
5%. The tests showed the following: 
The light perpendicular to the naked 
tube is constant at 100%. 

The reflector is shaped as indicated 
in Fig. 1 and Fig. 4, having a white 
matt enameled surface with its vanes 
set ati 132°. 

The percentage variations of the 
Type “C” and Type “K” lamps differ 
but little from the above. 

Figs. 6,7 and8 are the Rousseau 
diagram and Figs.r, 2 and part of 


(See Figs. 3, 4 and 5.) 


Type “H” Lamp, 21” Lone, 1” DIAMETER. 


Figures are percentages of maximum light of naked tube. 





Naked tube. With reflector. 

Parallel to Mean. Perpendicular Mean. Parallel 

axis. to axis. to axis. 

o° (Nadir) 100% 100% 208% 208% 208% 
Sy 98” n" 203" 202” 201” 
30° 97” 98.57 190” 1020 194” 
45° Ore 95.5” 180” GAs 162” 
60° vO 85% 102° 130" 116” 
mee 230 2 66” 123” 98.5” 74" 
go° (Horizon- About About About About About 
tal) Q” 5470 10” 10% 10% 

the intensities in two positions of the Fig. 3 with the addition ot the 


vertical plane. One position (Fig. 2) 


is taken parallel to the axis of the tube, 





mean of the two positions in the ver- 
tical plane. These means are respec- 
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tively marked HBA, CBA and KBA, 
and are the resultants of HA and HB 
for thes Type “HH” Jampar ihe other 
two resultants of Figs. 7 and 8 are 






similarly determined., “Che HA, CA 
| 
H-LAMP | ea Mir nc 

















FIG. 6.—ROUSSEAU DIAGRAM, TYPE “H” LAMP. 


and KA curves of the Rousseau dia- 
grams correspond to the three polar 
diagrams» of Fig. 1... Inthe “same 
way, the BH, CB and KB curves cor- 
respond to the curves: oi (Pig. 2. Phe 
mean of the two- Figs. 1 and, 2° is 
not shown polar diagramatically, and 
‘varies but little from either position 
as seen from the figures of Table I. 
Fig. 9 is the graphic representation 
of the true comparative values of the 
three lamps via the Rousseau diagram. 

In comparing Fig. 9 with Figs. 1 
and .2) it iseseen> that its Pipe so athe 
candle area varies directly as the area 
subtended, whereas in the latter fig- 
ures, if the curves were perfect circles 
(which they approximate), they would 





s—— ALONE 
— WiTH REFLECTOR 





66 98: 


DY PEG ep leAuviEe: 


FIG. 2 / ROUSSEAU DIAGRAM, 


vary as the square of their diameters. 
In other words, the area enclosed 
by the Type “K” lamps of Fig. 1 is 
about 514 times as large as the areas 
of the Type “H” lamp curve, while 
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Fig.8 





FIG. 8.—ROUSSEAU DIAGRAM, TYPE “K’’ LAMP. 


when looking at Fig. 9, the Type 
“K” area is only about 2 1/3 times as 
large as” the lype “Tl -curve deca, 
which latter proportion indicates the 
correct candle-power intensities of 
the two lamps. 


MEAN VALUE oF Rerlecren LiGhT RON 
COOPERWIEWITT TYPE A - C~8ti LAMPS 
AORIZONTAL ARROWS SHOW /AXIMUN 


FIG. 9.—ROUSSEAU DIAGRAM, SHOWING COM- 
Gime Doe Neres (ieee) 


PARATIVE VALUES OF 4H, Crea N DK 
LAMPS. 


Peet LeUMIN ALIN G 
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DRAUGHTING ROOM. 


Inereterring to, Fis) iO,/One: Can -see 
at a glance what the probable spheri- 
cal reduction factor is to be, and also 
the hemispherical reflector factor. The 
straight horizontal line HD indicates 
the maximum candles of the naked 
tube. The curve HDE subtends an 
area very nearly proportional to the 
spherical candle-power. In the same 
way, the curve HBA subtends an area 
corresponding very nearly to the re- 
flected hemispherical candle-vower. 
The various tests showed the follow- 
ing, corrected to 110 volt circuits: 


TABIE eb y Pree Ee LAMP, -192.. WATTS, 


Watts per 

Efficiency. candle. 

Spherical reduction factor...... Out On .Ol 
ewe ea? 

Maximum. naked tube... ....... 160)t05.75 

Hemispherical reflector factor.. .46 to .58 


el 


Wier aCenypes (clamp is a little 
less and the D. C. Type “K” lamp 1s 


ILLUMINATION BY COOPER-HEWITT LAMP. 


a little more efficient than these figures 
of Table 2. The average absorption 
of the reflectors was 19.5%. It isa 
commendable fact that the mean quan- 
tity OL renected light at the 75>. zone 
is very nearly equal to the maximum 
light of a given naked tube (See Fig. 
Oo) tcl ne variation “of the niean™ re- 
flected light is comparatively slight 
throughout the five useful zones, and 
decreases but 47% from its highest 
point at the 75% zone. 

The lamp outfits are very easy to 
install. They are easily put up on anv 
wooden or metal ceiling, are readily 
suspended from girders or I beams. 
With a little experience they are put 
up as readily as an arc lamp, the wir- 
ing being identically the same. The 
Types “H” and “K” lamps may be run 
on I10 to 220 or 600 volt circuits di- 
rect current, while the Type “C” lamp 
is for alternating current for frequen- 
cies between twenty-five and one hun- 
dred thirty-three and the usual com- 
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mercial low tension voltages. The al- 
ternating and direct-current lamps are 
not interchangeable. 

The life of a tube averages 4,000 
hours, or practically a working year of 
12 hours, and is guaranteed for that 
time. The cost of a tube is so low that 
the maintenance per annum is as low 
or lower than that of an enclosed arc 
lamp, and further, because tubes have 
lasted over 16,000 hours in commer- 
ciab apractice, -and~ them -onlyoopeen 
broken accidentally. 

Another feature of the lamp, in con- 
nection with its great steadiness, is 
that it cannot take more current at any 
time at or near the normal voltage due 
to the insertion of an automatic cur- 
rent regulator, commonlv known as 
the “ballast.” This is a thin iron wire 
in a hydrogen container. With rising 


voltages on the line, the current tends 
to rise on the circuit. A rise of 10% 
in its voltage only allows an increase 
of 444% in current. 

In other words a rise 1n potential 
from 110 to 121 volts only allows a 
rise in current from 3.50 to 3.66 am- 
peres. For decreasing currents the 
ballast: action” 1s. not quite so. “pro- 
nounced; yet the decrease in per cent. 
is about the same for voltage and cur- 
rent. The 10% voltage increase on a 
pure ohmic resistance would cause a 
rise of current to 4.35 amperes or 
about 25% instead of only 4% with the 
ballast. On the other hand, a 10% 
decrease of potential would drop the 
current to 2.60 amperes or 25% in- 
stead of 10% with the ballast. The 
slight current fluctuations affect the 
c.p. but little, the variation for 10% 
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A DARK BASEMENT MADE LIGHT. PHOTOGRAPHED BY THE ILLUMINATION OF 
THE COOPER-HEWITT LAMP. 


increased voltage being about 312%. 
This characteristic applies equally well 
to any direct or alternating current 
lamp. 

Compared to the incandescent lamp, 
which varies 6% in its c.p. for 1% 
variation of voltage, the smaller or 
1% variation in c.p is very marked for 
the 10% variation in voltage for the 
Cooper Hewitt Lamp. (See Trans., 
A eee May, 16906.)* It follows 
then that the incandescent lamp is sev- 
enteen times as sensitive in its candle- 
power variation as the Cooper Hewitt 
Lamp, due to voltage alone, under 
these conditions. 


The enclosed arc lamp is steadier 
than either the open arc or the flaming 
arc lamp, at constant voltage. Wiauth 
unyarying potential the incandescent 
is inflexible in its constant candle- 
power, thus showing its superiority 
over any of the arc lamps. When the 
pressure commences to vary, its fluc- 
tuation consequently affects the arcs 
more than the incandescent. With the 
mercury vapor lamp sixty immes as 
steady as the incandescent under the 
same conditions, what must be the re- 
lative steadiness in the luminous flux 
between the arcs and the mercury va- 
por lamp? 
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THE TRAINING OF ILLUMIN- 
ATING ENGINEERS 


We are in receipt of a letter from 
one of the leading lighting stations on 
the Pacific Coast, of which the follow- 
ing is an abstract: 


“Our company is very anxious to en- 
gage the services of a young man, who 
has had experience with illuminating en- 
gineering, and thought that you might be 
able to put us in touch with a suitable per- 
son. We would desire a young man who 
is well grounded in illuminating engineer- 
ing, who is a good talker and of good ap- 
pearance, and who could meet the archi- 
tects of the city and our various custom- 
ers and advise them with regard to the 
placing of lights and the illumination of 
buildings, in general. In addition, we 
would require that he be well up in the 
motor business, so as to take charge of the 
canvassing for motors. He should be able 
to indicate engines and be well versed in 
the costs of generaing power for isolated 
plants, and be able to advise our custom- 
ers regarding the proper: methods of jn- 
stalling motors, etc, to secure best re- 
sults. 

“We have a very good opportunity for 
a young man here, as this city is growing 
very rapidly, and we have worked up a 
large power business, now having a con- 
nected load of over 10,000 h. p. 

“The young man in question would be 
expected to act as assistant to the con- 
tracting agent, and would advise him on 
all technical matters.” 


This letter furnishes indubitable evi- 
dence that Illuminating Engineering is 





now a recognized profession: but 
where will one go to find an Illuminat- 
ing Engineer? The few who have as- 
sumed the title have done so by virtue 
of such knowledge as they have been 
able to pick up by special study and re- 
search of their own direction, and ex- 
perience gained in practical work. This 
small number of self-made Illuminat- 
ing Engineers are mostly employed by 
large companies who use their talents 
both for their own and for their cus- 
tomer’s advantage; a few others are 
using Illuminating Engineers as a side 
issue to other branches of engineering. 

A demand for professional services 


can usually be satisfied by applying to 


a scientific or technical school, espe- 
cially in cases like the one referred to. 
in the letter, where theoretical training 
alone is all that is required as a begin- 
ning; but in the present case, this 
source is entirely unavailing. So far 
as we are aware, there is no school or 
college in the world at the present time 
that is giving any systematic instruc- 
tion in illuminating engineering. As 
the demand for such engineers has 
arisen, however, it is likely that the 
technical schools will not be long in 
recognizing the need, and preparing to 
supply the demand. 

It will, of course, not be contended 
that an extended course, ending in a 
special degree, would be justified at 
the present time. That the subject, 
however, should form one of the re- 
quired studies in the courses of electri- 
cal engineering, and architecture, can- 
not be logically denied. This is par- 
ticularly true with the schools of archi- 
tecture. While the electrical engineer 
may devote his entire attention to nu- 
merous branches of the subject which 
have no connection with illumination, 
the architect meets the problem in 
every case which he undertakes. 

Assuming the need of such instruc- 
tion to be admitted, the question arises 
as to what should be included in a 
course of Illuminating Engineering. 
The basis of such a course, like that of 
other engineering courses, will natur- 
ally consist of a knowledge of math- 
ematics and physics. As_ sufficient 
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knowledge in these branches is com- 
monly included in all scientific courses, 
they need not be specifically included 
in this course. In addition to the 
course in optics, as ordinarily required, 
however, additional study of light in 
relation to the eye, and the ways and 
means of its measurement, would 
naturally form one of the important 
subjects. The physical construction 
and physiological action of the eye 
should form another of the important 
theoretical subjects. The production 
of luminants, including electricity, gas, 
acetylene, etc., should be sufficiently 
set forth to enable the student to ob- 
tain an intelligent idea of the general 
elements of cost entering into their 
production, as well as the conditions 
determining their quality. Methods of 
testing their quality should likewise be 
given careful attention. This would 
include the ordinary testing of electric 
currents, and the testing of illuminat- 
ing gas for candle power and heat of 
combustion. 

The principles of construction, of 
the various kinds of electric and gas 
lamps, and their comparative merits 
and demerits, for different classes of 
illumination is a subject of no mean 
proportions at the present time, and is 
constantly growing in complexity and 
importance; there are exceedingly few 
engineers who are thoroughly familiar 
with both gas and electric lamps, and 
capable of passing judgment upon the 
proper place and use for each particu- 
lar kind. Following this would natur- 
ally come a study of the various acces- 
-sories, stich as reflectors, globes, 
“shiades, etc: 

The subjects which we have thus 
far included pertain only to the utili- 
tarian side of the question; and it 
would be quite possible for one to be 
thoroughly familiar with all of them, 
and use them with consummate skill 
and judgment, and still make a com- 
plete failure in many cases of I[llu- 
minating Engineering. If [luminating 
Engineering is less exact and techni- 
cal than other branches of engineering, 
it requires for successful practice a de- 
-gree of skill and judgment along lines 


which engineers have no need to fol- 
low. In this respect it partakes more 
of the nature of the architectural pro- 
fession, in which artisanship, i. é., 
structural art, forms quite as impor- 
tant a feature as the mere knowledge 
of mechanics necessary for carrying 
out the forms of construction. 

Artificial illumination is always one 
of the most obvious, not to say ob- 
trusive, features of the building or lo- 
cation in which it is placed, and the 
question of making it sightly can in no 
case be entirely ignored, and in many 
cases becomes of paramount impor- 
tance. 

It may perhaps be urged that this 
field belongs to the architect or deco- 
rator. If so, then the architect or 
decorator must familiarize himself 
with the principles of illuminating en- 
gineering in order that the desired re- 
sults may be arrived at in the end. It 
may not be necesssary for the Illu- 
minating Engineer to be held responsi- 
ble for the entire decorative or 
esthetic effect of a system of lighting; 
he must, however, be held to account 
for the illuminating results obtained, 
and it is simple matter for the architect 
or decorator to so pervert the plans of 
the Illuminating Engineer as to en- 
tirely nullify the final results which 
were aimed at. Thus, while the entire 
initiative in the way of decorations 
should not be assigned to the Ilumin- 
ating Engineer, he should at least have 
a veto power upon the work of the 
decorative artist to such an extent as 
to insure that the final optical results 
which he has laid out shall not be 
overthrown. The Illuminating Engi- 
neer must, therefore, be familiar with 
the elements of decorative art and 
structural art, and, furthermore, must 
have some of that indefinable quality 
known as “taste.” 

The list of subjects as enumerated 
can certainly not be abridged without 
curtailing the knowledge actually nec- 
essary for the treatment of ilumination 
as a branch of applied science and art; 
and both in their scope and subject 
mattter are of sufficient dignity to 
compare favorably with other special 
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courses given in the leading technical 
schools and universities. 

It is also apparent that to properly 
pursue this course, special laboratory 
facilities should be provided. An Illu- 
mination Laboratory should offer 
facilities for studying the special 
problems involved, such as reflection 
and diffusion from walls and ceilings 
of different kinds, the measurement of 
illumination in various ways, color ef- 
fects of different light sources, and in 
general the reproduction, as far as pos- 
sible, of the various conditions met in 
actual practice. 

The student who should have pur- 
sued such a course of study, and fa- 
miliarized himself with all the prin- 
ciples involved so as to be able to put 
them into intelligent use, would un- 
doutbedly have spent as much time in 
the acquisition, and would have ac- 
quired as great a number of special 
facts and theories, as did the first stu- 
dents who assumed the title of Electri- 
cal Engineer, and be as much entitled 
to receive a special degree. 


ILLUMINATING ENGINEERING 
AS AN AID TO SELLING 


The letter from the lighting company 
previously quoted, points out another 
important fact to which we have called 
attention in previous issues, namely, 
that a knowledge of Illuminating En- 
gineering is an exceedingly useful, if 
not an absolutely necessary part of the 
equipment of the successful salesman 
of luminants and lighting apparatus. 
It may be stated as an axiom in sales- 
manship, that the salesman must 
know his “line” better than his cus- 
tomer knows it. No amount of “per- 
sonal magnetism,’ glib conversation, 
funny stories, nor that variety of 
salesman’s talk colloquially termed 
“hot-air; can take the, place of=a 
thorough knowledge, and a simple, 
clear exposition of that knowledge, of 
the particular line in question. 

A buyer is naturally, and by train- 
ing, a sceptic; he assumes that all the 
“tricks of the trade” are being exer- 


cised upon him, and is therefore on 
the defensive, lest he be “taken in’ by 
the specius argument and glittering 
misrepresentations of the salesman. Ig- 
norance, like murder, will out. Imi- 
tations of knowledge are always ap- 
parent; and the salesman who makes 
statements which he cannot back up, 


or demonstrates, is in a helpless posi- 


tion as soon as such statements are 
challenged by his customers. 

The customer whose illumination is 
unsatisfactory, and whose bills, as a 
result, are considered excessive, is not 
likely to be placated, nor inclined to 
add to his lighting installation as a re- 
sult of any “clever,” “snappy,” “up- 
to-date,’ catch-penny “literature,” 
drummer’s “yarns,” or calendars that 
have eluded the vigilence of Anthony 
Comstock. 

The simple replacing or rearranging 
of some of the lamps, the substitution 
of more efficient reflectors or globes 
especially suited to the needs, and the 
reducing of a few lamps from 16 to 
8 c.p., thus showing a reduction in 
current consumption along with the 
improved illuminating effect—and 
this can usually.be done—will do more 
to win the confidence of the customer 
and lead to ultimately larger returns 
than any number of the numerous 
wiles which are commonly considered 
to constitute salesmanship. 

As we have previously stated, the 
trained Illuminating Engineer at the 
present time is an exceedingly scarce 
article. The demand heretofore has 
not been sufficient to create a supply. 
To meet this deficiency, it would be 
well worth while for a central station 
or gas company employing any con- 
siderable number of solicitors or con- 
tract agents to set up a little school of 
Illuminating Engineering of its own. 
Such employees could meet at stated 
times, and receive instruction in the 
general principles of the subject. The 
various problems and difficulties met 
with in the line of their duties could 
also be brought up, and discussed by 
employee and employer. In this way 
much valuable information would be 
brought out, and the liability of soli- 
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citors running into personal fads and 
notions be avoided. 

Central stations and gas companies, 
moreover, are not the only interests to 
which such a course would be valu- 
able. The manufacturers of lamps and 
accessories, both of gas and electric- 
ity, would find the salesman who could 
actually give prospective customers 
valuable information on lighting prob- 
lems would soon command a trade 
that would in the aggregate, repay 
for such instruction many times over. 

Illuminating Engineering is not a 
mere accomplishment, nor theoretical 
knowledge having no commercial 
bearing, but is a practical and sound 
business proposition, and one which 
cannot be ignored by the lighting in- 
dustries without in the end resulting 
in financial loss. 


REDUCTION IN THE COST OF 
ILLUMINATION 


The past year has witnessed a re- 
markable renaissance of efforts di- 
rected toward reducing the cost of 
producing light, and improving the 
methods of utilizing it for ilumina- 
tion. 

The Luminous or Flaming Arc 
Lamp produces light at a cost not 
exceeding one quarter of that re- 
quired by the enclosed arc. The Mag- 
netite arc produces light at not more 
than one-half the cost of the ordinary 
arc, and it seems not. unlikely that it 
will develop a still higher efficiency. 
The Tantalum Incandescent Lamp has 
an efficiency of practically twice that 
of the old form of carbon filament 
lamp, and it is asserted upon good 
authority that the Tungsten Lamp, on 
the same principle, will give double 
this efficiency, 7. ¢., have an efficiency 
of one watt per candle. Filling the 
gap between the arc and incandescent 
lamps, the Mercury Vapor and Vac- 
uum Tube systems may be considered, 
both of which have reached the prac- 
tical stage, and have efficiencies far in 


excess of the present incandescent 
lamp. Thus throughout the entire field 
of electrical lighting, it is conservative 
to assume that a given amount of 
light can be produced at the present 
time with one-half the cost that was 
required by the best devices known a 
few years ago. 

The reduction in cost of light-pro- 
duction by electricity must necessarily 
change to some extent the relations 
of electric and gas lighting. As we 
pointed out in our last issue, gas light 
has held its own by reason of its great 
superiority in cost of production. The 
halving or quartering of the cost of 
electric light, however, might very 
seriously change this advantage here- 
tofore held by gas. The limit of cost 
of gaslight, however, has by no means 
been reached. It is a well known fact 
that very much higher efficiency may 
be obtained by using either the gas, 
or air supply, or both, at a higher 
pressure than is now the practice in 
this country, and gas lamps based up- 
on this principle are being largely in- 
stalled for exterior lighting in Eng- 
land. 

Several attempts have been made wo 
establish “intensive gas light,” as this 
system is called, in this country, but 
so far as we are aware, without com- 
mercial success. It does not follow, 
however, that this apparent failure 
of many improvements in light pro- 
duction that they have been known 
and put into practical use abroad a 
number of years before being commer- 
cially successful in this country. Fur- 
thermore, there seems to be no reason 
why the price of gas to consumers 
should not be reduced without entail- 
ing a corresponding loss to producers. 
We can see no sufficient reason for 
the manufacture of illuminating gas, 
1. @., gas giving a luminous flame, un- 
der present conditions. To be sure, 
ordinary flame gas burners are still 
numerous, but there is no reason why 
they should not all be supplanted with 
incandescent burners or electric lamps. 
A gas capable of producing the best 
of results with incandescent burners, 
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and suitable for all heating purposes, 
could undoubtedly be made and de- 
livered at a good profit at a cost very 
materially below that at present 
charged for illuminating gas; and 
even though the percentage of profit 
were reduced, the increased use of a 
cheaper gas for fuel purposes would 
bring larger aggregate returns to the 
producing companies. Towns having 
a supply of natural gas, which is non- 
luminous, get on perfectly well with 
it for both heating and lighting pur- 
poses, and why should not a similar 
gas made artificially answer all pur- 
poses equally well? 

It has long been recognized that in 
the use of light to produce illumina- 
tion excessive waste has been the rule, 
rather than the exception. This fact, 
together with the increasing complex- 
ity of uses for artificial light, as well 
as the greater number and variety of 
light sources and accessories, has at 
last given rise to an established pro- 
fession, namely, Illuminating Engi- 
neering. While exact figures as to 
the economies accomplished by Illu- 
minating Engineering are few, from 
cases with which we are familiar, in 
which actual results have been ob- 
tained, as well as from the possibili- 
ties of numerous cases investigated, it 
is perfectly safe to say that a reduc- 
tich "ol 25 “per. cent. -in the cost.sor 


illumination is a low average of the 


saving that can be thus affected. 

When the improved light sources 
that are now on the market, or in 
process of development, are utilized to 
their very best advantage by the skill 
of the Illuminating Engineer, illumi- 
nation of a superior quality will be 
produced at from one-quarter to one- 
half the present cost. While greater 
economy in'the production of illumi- 
nation is therefore inevitable, there is 
no likelihood of any one particular 
form or source of light obtaining a 
monopoly of even a single department 
of the illuminating field. The total 
result will be a larger general use of 
artificial light, and the production of 
more satisfactory illumination. 


THE ILLUMINATING ENGINEER: 


PHOTOMETRY AND ILLUMINO- 
METRY 


Advancement in science necessitates 
the invention of new words, as well av 
new processes and devices. Photo- 
metry was a strange sounding word a 
century ago. Illuminating engineer- 
ing was a practically unheard of 
phrase 10 years ago, and I[llumino- 
metry has yet to be recognized as a 
word in good standing among scien- 
tific terms. 

Photometry signifies the theory and 
practice of measuring /ight. The pur- 
pose of producing light artificially is 
to secure illumination; that is, to so 
utilize the light produced that objects 
may be seen thereby. Light and Illu- 
mination are thus two entirely distinct 
quantities. It is possible to produce 
a large quantity of light with an ex- 
ceedingly small quantity of illumina- 
tion. It is safe to say that 90% of the 
acknowledged waste of light is due to 
a misconception, or ignorance of this 
fact. 

While processes of measuring light 
have been brought to a reasonably re- 
fined point, the methods of measuring 
illumination are yet in a crude state. 
It was but a comparatively few years 
ago when the c. p. of a lamp meant 
practically nothing to a great major- 
ity of users. There has been great 
progress in this direction of late, so 
that the term has become compara- 
tively famultar, and has a. definite 
meaning to a comparatively large 
number of people. 

The term, foot-candle, however, is 
practically meaningless at the present 
time to the lavman; but the time is 
coming in the not very distant 
future, when, instead of paying for lu- 
minants, or even for light, a user will 
pay tor illumination. This will neces- 
sitate accurate and ready means for 
measuring illumination. 

The great difference between pho- 
tometry, and measurements of illu- 
mination or illuminometry, are 
brought out in the investigation of the 
Mcore lamp, which was reported in 
our last issue. 
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Correspondence 


FROM OUR LONDON CORRES- 
PONDENT 


STREET ILLUMINATION BY H1GH PREs- 
SURE GAS BURNERS. 


Some months back a scheme was 
formulated and carried out for light- 
ing certain districts of the city of 
London; and we have had frequent 
Opportunity of seeing how admirable 
the work of illumination has been done 
in one of the districts known as Queen 
Victoria street and Queen street—very 
important thoroughfares in the heart 
of London, extending from one of the 
“Bridges” over the Thames, known as 
Blackfriars Bridge, to the Mansion 
House, the official restdence of the 
Lord Mayor. In this district there 
have been installed 45 high-pressure 
gas lamps of 600,candle-power each, 
under a contract entered into by the 
city authorities with the well-known 
firm of illuminating engineers, James 
Keith and Blackman Company, a firm 
who were very early in the field with 
high-pressure gas. 

The district is supplied with gas by 
the premier gas company in the 
United Kingdom, the Gas Light and 
Coke Company, who have an annual 
output of 22,342,009,000 cubic feet of 
gas. The company’s mains, in this 
particular street, are carrried through 
a subway, one of them being a high- 
pressure trunk main along which gas 
is sent at a pressure of from I0 to 20 
inches. The lamps are placed at dis- 
tances of about 55 yards apart, on each 
side of the road; on the diagonal line 
- the distance would be about 33 yards. 

The illustration, Fig. 1, gives a good 
idea of the style and appearance of the 
lamps; the lanterns are made entirely 
of copper with specially designed 
windproof tops, which are surmounted 
with the city heraldic insignia; in the 
base is fixed a mercurial governor, in 
order that the gas shall be supplied to 
the burners at a constant pressure of 


10 inches. Each lamp carries two 300 
candle-power burners fixed on a spe- 
cial mercurial anti-vibrator; the two 
burners are controlled by one of 
Keith’s patent flashing bye-pass cocks. 
Each of the high-pressure gas lamps 
consumes 20 cubic feet of gas per 
hour ; the lighting hours in the city of 
London number 4,300 per annum, and 
the charge made by the Gas Light and 
Coke Company for each lamp is 12 





FIG. I. 


FIG. 2. 


LAMP POSTS AND LANTERNS USED WITH THE 
GAS BURNERS. 


pounds ($57.00) per annum; the price 
includes supply of gas, lighting, ex- 
tinguishing and maintenance. 

The second lamp, shown in Fig. 2, 
is the one adopted and installed in 
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what is known as the Billingsgate 
Area—or London’s fish market on the 
banks of the Thames, between the 
Taver and London Bridge. The 
lamps here are 32 in all—thirty of 300 
candle-power, and two of goo candle- 
power each. The larger number of 
lamps carry single burners, and are 
placed from 16 to 20 yards apart; the 
900 candle-power lamps in use are of 
the same pattern as those in use in 
Queen Victoria street and are placed 
in the center of the refuges in part of 
the market. The work has been done 
by James Keith:& Blackman Company. 
The gas company’s charge for the 300 
candle-power lamps, inclusive, is 6 
pounds, 12 shillings ($31.68) per lamp 
per annum. 

Another district, Fleet street, the 
hub of the newspaper world, has been 
lighted by high-power lamps, but of a 
more moderate character, adapted to 
the normal lamp columns, each lamp 
having two incandescent burners. In 
all 34 lamps have been installed, giv- 
ing an effective light of something 
over 5,000 candles; these lights are all 
near the pavement-level ; the total cost 
per annum is 312 pounds ($1,497.60). 

These are examples of modern illu- 
mination as applied to public streets 
and are in every way satisfactory. 
Fleet street is a brilliantly lighted 
thoroughfare, with many blazes of 
light from arc lamps, flame arcs, clus- 
ters of incandescent burners, Sunbeam 
and Nernst electric lamps, etc. It has 
become the “vogue” here to have out- 
side lighting, and many of the news- 
paper offices have lamps fitted with 
either electric light or gas burners of 
great intensity. The tailors’ and jew- 
elers’ shops, of which there are many, 
outvie one another in brilliant outside 
lighting. In these days much atten- 
tion is given to “dressing” shop win- 
dows; to such an extent is this carried 
out that the whole of the window cas- 
ing. is fitted from floor to ceiling, so 
that it is necessary to illuminate the 
whole area of the window on the out- 
side. For these reasons it is difficult 
to judge of the effective illumination 
by means of the burners already de- 
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scribed, at least so far as Fleet street 
is concerned. 

The Queen Victoria street district is 
of quite a different character, and after 
office hours, say six o'clock, all the 
premises are closed and the passers- 
by are entirely dependent upon the 
street lamps. The effective lighting 
here is excellent, and the meeting of | 
the extensive rays at the diagonal 
point can be clearly noted; to use a 
hackneyed term, the street is “‘one 
blaze of light” from end to end. 

From Germany comes a novelty for 
workshop lighting in the form of a 
hook lamp; reference to the illustra- 
tion will make its usefulness apparent. 
The lamp hangs upon a rod provided 
with a number of hooks opposite each 
other. The rod, as is shown, hangs 
inside a bracket consisting of two 
tubes upon which the hooks rest. A 
flexible tube is used from the distrib- 
uting pipe and to the lamp may be sus- 
pended at any distance from the work 
in hand, whilst the slotted space be- 
tween the two tubes of the bracket 
permits considerable lateral motion. 

It is now possible to classify the 
principal systems of illuminating gas, 
and the following descriptions prac- 
tically cover gas lighting systems up 
to date. 

Low PRESSURE. 


Gas is supplied at the ordinary pres- 
sure, ranging from 1.5 to 3 inches 
water gauge pressure. Under this 
system it is obvious that with the same 
initial pressure better results can be 
obtained by the use of modern incan- 
descent burners than with the old flat- 
flame burner which was in general use 
until within the last ten years. 


HicH PRESSURE. 


This system differs from the low 
pressure in the fact that power is 
needed to supply gas at a greater pres- 
sure than the normal pressure in the 
distributing mains. There are several 
compressing machines on the market 
which may be used; the power to drive 
them may be gas, steam, water or elec- 
tricity. The burners may be the or- 
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dinary incandescent adjusted to suit 
the different qualities of gas and the 
pressure at which it is to be consumed ; 
still the best results will be obtained 
by using a burner specially con- 
structed and regulated for the working 
pressure of the apparatus. As an al- 
ternative to too high pressure gas may 
be considered the high-pressure air 
system, in which case the usual condi- 
tions are reversed. Compressed air 
obtained by mechanical means at a 
much higher pressure than that of the 
gas supply, is made to pass through a 
very fine calibrated nipple where it 
meets the gas supply. When this high 
pressure air supply is applied to the 
head of the burner a very hot flame 
results, similar to a blow-pipe flame. 
A very slight variation of the pressure 
of the air supply, or blast, will con- 
siderably effect the flame intensity and 
consequently reduce lighting power. 


RECUPERATIVE. 


With this system the lost heat from 
the incandescent burner is utilized to 
increase the temperature of the mix- 
ture before ignition. The air is ad- 
mitted at the top and passed over the 
intensifier which has been already 
heated externally by the waste gases, 
and passes down the tube provided for 
the purpose to the inlet at the bottom 
of the burner, and here the mixing 
takes place at a temperature of about 
130° Fahr. The light given by the 
so-called recuperative lamp is cer- 
tainly an improvement on the ordinary 
low pressure. 


SELF-INTENSIFYING. 


There are many lamps which are 
classified as being selt-intensifying and 
oftentimes recuperative lamps are 
placed under the same head. The 
more generally accepted idea has been 
to have a long shaft, cylinder or chim- 
ney, where the difference in the tem- 
perature between the top and the bot- 
tom, when the lamp was burning, is 
so great that. the equalizing effect 
causes an inrush of air through the 
lamp. This current, or draught of air, 


at first sight may appear to have quite 
an opposite action to the recuperative 
lamp but, the cool air is of greater 
density, and more highly charged with 
oxygen, resulting in a much more 
rapid mixing of the gas heated and 
cold air and should insure more com- 
plete combustion. ‘These self-intensi- 
fying lamps have become very popular 
and give a splendid duty per cubic foot 
of gas consumed. They also have the 
very distinct advantage of requiring 
no mechanical appliances for either in- 
creasing pressure or reducing an ac- 
celerated air supply. 

The enormous increase in the sale of 
gas supplied through automatic meters 
is exemplified by the following fig- 
ures, which were given us by the en- 
gineer of one of the gas undertakings 
in a London suburb—Lottenham and 
Edmanton. In the three months end- 
ing December last the amount col- 
lected in bronze coinage in penny-in- 
the-slot gas meters was 12,274 pounds, 
to shillings, or 2,939,400 pennies (2 
cents each). The number of these 
meters in use, at the end of the year, 
was 23,556. In the seventeen days 
from December 4th to December 23rd, 
dil avetage Ob. 17 to 224) cwt.- of 
bronze coinage was taken to the bank 
every day. 


IMPROVED PROCESSES OF MANTLE 


MANUFACTURE. 


Many improvements are being made 
in the manufacture and preparation of 
mantles for incandescent gas burners. 
The Plaissety Manufacturing Com- 
pany have succeeded in making a man- 
tle which is of the stocking form, but 
which is so made that it can be sent 
out flat. It is very slightly coated— 
just sufficiently to accelerate the burn- 
ing off; these mantles readily shape 
themselves when placed upon the 
“fork” and hang just over the head 
of the burner. It is claimed that they 
have three or four times the strength 
of the older form of mantle and that 
their resistance to vibration makes 
them specially suitable for street 
lamps, railway stations, factories, etc. 
There is practically no risk or dam- 
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age in transit; bulk and weight of 
packages are greatly reduced. There 
is little fear of crushing the mantle 
during the operation of attaching it 
to the burner; so altogether the new 
Plaisetty mantles are likely to become 
extensively used. 

We also hear of non-collodionized 
mantles; these can be rolled or 
wrapped up very much in the same 
way as cotton wicks for oil burners. 
It has often been mentioned that the 
very fact of collodionizing a mantle 
has a detrimental effect upon the fab- 
ric and that the mantle does not give 
so good an illumination, at least as 
long as it would do if the collodion 
had not been applied. In burning off 
the flame emitted is a source of dan- 
ger; many beautiful creations in silk 





FIG. 3.—THE BLAND INVERTED GAS BURNER. 


and lace shades have been destroyed 
through catching fire, and the offen- 
sive odor given off hangs about a room 
for quite a considerable time. The 
perfecting of a mantle and its non- 
stiffening by collodion is a very great 
step in advance and will be hailed with 
much satisfaction by the consumer and 
retailer. 

Inverted burners have come to stay ; 


they lend themselves to the artistic eye 
of those who desire to obtain efficient 
illumination without obtrusive and in- 
artistic fittings. A new “inverted” has 
just been put upon the market—the 
“Bland,” which we illustrate. The 
burner is of high efficiency and at 
15/10 h. pressure with a consumption 
of 2% cubic feet of gas per hour, an 
illuminating value of 56 candles has 
been obtained. With higher pressure, 
and a slightly increased quantity of - 
gas, the duty is considerably greater. 
With 27/toh. pressure and 3 cubic feet 
of gas the illumination is 80 candles; 
with the same quantity of gas and a 
pressure of 7 inches a light is obtained 
equivalent to 125 candles. Upon ex- 
amination of the lamp we found: that 
the air enters vertically at the top and 
regulation is secured by an adjustable 
shutter. The nipple or burner has 
only a single hole, which is of oblong 
shape and inside the nipple there is 
fitted a piece of fine gauze. The mix- 
ing tube is fitted with a nozzle of mag- 
nesia. The mantle is not supported in 
the ordinary way but a small elongated 
bulb is fitted internally with a shoul- 
der and upon this the supporting 
frame of the mantle rests. The nozzle 
of the burner merely protrudes inside 
the mantle and is not attached to it. 
In the general form of “Inverted” a 
brass support is slipped into the globe 
to carry the mantle. It will be noted 
that a deflector, above the burner, di- 
verts the products of combustion away 
from both the air inlets and the burner 
chamber. 
- The illustrations show the construc- 
tion generally; the glassware lends it- 
self to a variety of combinations to en- 
sure decorative effect. 
Cuas. W. HAsTINGs, 
Ed. Gas Engineers’ Magazine. 
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ORGANIZATION AND CONDUCT OF A NEW BUSINESS DEPART- 
MENT SUITABLE FOR CENTRAL STATIONS IN CITIES 
OF 50,000 POPULATION AND UNDER 


BY} VE Rows: 


Success lies in never tiring of doing, in 
repeating and never ceasing to repeat; in 
toiling, in waiting, in bearing and observ- 
ing; in watching and experimenting, in fall- 
ing back on oneself by reflection, turning 
the thought over and over, round and about 
the mind and vision, acting again and 
again upon it—this is the law of growth. 
The secret is to do, to do it now; nat to 
look away at all. 

Bishop Spalding’s definition of success 
fits the organization and conduct of a new 
business department as though he had it 
especially in mind when he penned these 
lines. The ability to increase the sales of 
current must be as assiduously cultivated 
as you study the means of reducing costs 
and bettering your service, and there is 
no central station so small that it can af- 
ford to get along without a new business 
department. 

There is a general tendency to believe 
that others accomplish their work with 
less effort than ourselves, and this perhaps 
is responsible for the lack of confidence 
some central station men have in their 
own ability to conduct a successful new 
business department. 

The busiest manager or superintendent, 
if he will persistently devote a few min- 
utes daily to increasing his sales of cur- 


-rent, will accomplish results as amazing 


as they are gratifying when he reviews 
them. Do not let anything prevent your 
beginning your new business campaign at 
once. Start now. Don’t wait for printed 
forms or to think out definitely how you 
will go about it. When you have made 
your beginning you will be astonished at 
the opportunities for new business that will 
develop in the most unexpected places. 

Working a new business department is 
like popping corn. Your first efforts pro- 
duce only a cracking sound, but no popped 
corn. If you stop now, your work is lost. 
But keep on; first one kernel pops and 
then another and another. Encouraged by 
these, more and more kernels pop until 
your popper fills as if by magic. 

, most fortunately for you, your busi- 
ness seems to be in the condition of the 
full popper, remember the unpopped ker- 
nels that are always found when the pop- 
per is emptied. 

There are plenty of unpopped kernels of 


‘undeveloped electrical business in your ter- 


ritory which a little attention would con- 
vert into profitable income. 


* This paper was awarded the third prize by the 
Codperative Electrical Development Ass’f.. 


, Naturally your first thought will be 
How much money shall I spend to secure 
more business?” As the limit, up to which 
money can be profitably spent for this pur- 
pose, is in all probability beyond your 
means, your chief concern will be to use 
to the best advantage the largest appropri- 
ation you can get. Go slowly at the begin- 
ning. As a general rule, any expenditure 
for pushing your business will be bene- 
ficial, but there are great possibilities for 
waste. Hence the necessity for waiting, 
observing, watching and experimenting. 

How shall you spend your new business 
appropriation? For solicitors? For news- 
paper advertising? Or for “direct-by-mail” 
advertising ? 

The most efficient results will be ob- 
tained by a combination of all these meth- 
ods; newspaper advertising to awaken your 
public to the possibilities of electric ser- 
vice, make your customers realize your ap- 
preciation that your business is governed 
to the largest possible extent by the same 
principles applying to -any retail selling 
business, and to prepare the way for your 
solicitors. 

Solicitors to call upon your possible cus- 
tomers, answer their questions, argue away 
their objections and clinch their orders, as 
well as to investigate the troubles of your 
present customers; explain your methods 
of handling their business, and convince 
them that they are actually receiving full 
value for the money they are paying you. 

And, finally, direct-by-mail advertising, 
to excite the interest of those possible 
users of your service your solicitor cannot 
readily reach; to back up his arguments 
with those he does see, and to keep alive 
his prospective customer’s interest between 
his calls. 

Each of the above divisions of business 
getting, properly handled, will produce ex- 
cellent results, but the most effective work 
can be only done with a combination of 
all three. 

Endeavor to handle your new business ap- 
propriation so that your efforts will be con- 
tinuous. If you must choose one of the 
three methods above outlined, by all means 
employ a solicitor and make strenuous ef- 
forts to keep him permanently at the work. 


SOLICITORS. 


In picking your solicitors, pay the most 
attention to their ability to handle people. 

For this work you must have salesmen, 
and no man who cannot handle people can 
ever be a salesman. 
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The gift of gab is not an essential, but 
the ability to talk convincingly is. Many 
a loquacious salesman spoils his work by 
talking too much. 

Beware of the brilliant, sharp man, who 
works by fits and starts. 

Dependability is of the utmost impor- 
tance. The slow plodder who never for- 
gets a point once mastered will soon dis- 
tance the speedy man who quickly catches 
on, but just as quickly tires if his first 
efforts are not successful. 

Persistency counts for more than dash. 
Few prospects are. interested at the first 
call, and just as water constantly dropping 
wears away stones, so patient solicitation 
secures profitable business. 

If you have, among your employees, a 
man who evidences selling ability, use him 
for a solicitor. 

Your solicitor must, of course, thorough- 
ly understand your business, but this does 
not mean that he must start with a work- 
ing knowledge. If your man is a real sales- 
man, he may be ignorant of the electric 
business at the start. A few days’ coach- 
ing will fit him to begin your work, and 
every day after that will add to his knowl- 
edge. Some gas companies have made so- 
licitors of their regular employees, in con- 
nection with their routine work, by pay- 
ing them commf#ssions on new business se- 
cured, with the understanding that the new 
business work would be pushed only out- 
side of regular working hours. 

Properly handled, this practice will pro- 
duce results and it possesses the additional 
advantage of arousing the men’s interest 
in pushing your business. 

There is always danger, however, that 
the prospect of a commission will lead to 
neglect of some regular duty, and the prac- 
tice is further likely to foment jealousy 
among the men. 

An excellent way to pick solicitors is to 
advertise for salesmen and carefully study 
the applicants. You can soon pick out the 
effective men. The man who can’t be 
earnest in advancing his own interests cer- 
tainly won't make much headway in push- 
ing yours. 

In searching for soliciting material, do 
not neglect to consider how a woman can 
push your interests, if you can find one of 
the right sort. 

Having picked your solicitors, take time 
enough to thoroughly explain your busi- 
ness policy to them. Discuss with them 
your rates, your contracts, your customs, 
and your rules and regulations. Make 
clear to them the distinction between profit- 
able and unprofitable business. Teach them 
to think in dollars and cents, and give 
them enough data to enable them to esti- 
mate the cost of connecting any business 
they secure. 

Take them over your plant and endeavor 
to make them appreciate the amount of 
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work involved in rendering good service 
to your customers. 

If possible, make a few calls with each 
solicitor, letting him do all the talking, and 
then coach him between calls. 

If you already have one or more solicit- 
ors, they can assist you in training the 
new men, but it will be to your best in- 
terest to let the beginners receive their 
first notions of your methods of handling 
your customers from yourself. 

Divide your territory into as many dis- 
tricts as you have solicitors, arranging as 
nearly as possible an equal division of busi- 
ness and residence territory in each dis- 
trict, so as to give each man an equal 
amount of possible business. 

The size of your new business appropri- 
ation will determine the number of solicit- 
Ors you can use. Some companies have 
profitably worked one solicitor to each 
4,000 of population. Each central station 
man must determine the number of so- 
licitors to employ from his own conditions. 

Your solicitors are now ready to go 
after business, but your work in handling 
them has just begun. 

It depends on you to arouse their enthu- 
siasm to the highest pitch and to keep it 
there. 

Have the solicitors report to you each 
morning as early as convenient and can- 
vass their previous day’s work. Have a 
little booster meeting to start the day. 
Have each man tell of the orders he se- 
cured yesterday, the prospects he developed 
and anything which helped him secure an 
order. 

Encourage the men to discuess the busi- 
ness freely and to advance their criticisms 
and suggestions. 

Be liberal in your commendations of 
good work and sparing of criticism, but 
criticise sharply when circumstances re- 
quire it. 

As often as possible, explain the opera- 
tion of some appliance you are pushing. 
Demonstrate its good points and teach the 
men the arguments to down any objection 
that coula be advanced by a prospective 
customer. 

Use every means at your disposal to in- 
crease the men’s knowledge of your busi- 
ness, constantly impressing upon them that 
any increase in their efficiency is to your 
mutual advantage. Note carefully any ar- 
ticle in trade papers, etc., or any articles on 
salesmanship that will help your men, and 
specifically call their attention to them, 
asking the men to read them carefully and 
then tell you what they think of the mat- 
ters discussed. 

Have your men ’phone to you at noon, 
both to let them know that you are fol- 
lowing their work and to advise them of 
any prospects which may have developed in 
their respective territory since morning. 

Keep a blackboard record of each man’s 
work brought up to date, to advertise to 
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FORM I. 


all the employees the work the solicitors 
are securing. 

Have each solicitor turn in a daily report 
each morning, similar to Form No. 1, given 
herewith. 

If any payments are collected, the 
amounts must be properly entered, footed 
up and receipted by your cashier, or who- 
ever is authorized to receive the cash. 

The daily, weekly, monthly and yearly 
totals make possible an immediate com- 
parison of each man’s work, both with ref- 
erence to current results and to results 
obtained in any previous period. 

This form should be printed on sheets 
in letter head size and put up in pads. 
The completed sheets should then be filed 
in a vertical file, where they give a com- 
plete record of each man’s work. 

You must train your solicitors to be old 
business retainers as well as new business 
getters. 

They must realize that their own, the 
customer’s and the company’s interests are 
all bound together. 

Turn over to them for investigation the 
complaints of customers in their territory. 

Have them look up the customer’s ap- 
paratus, reread his meter, explain to him 
the methods used in handling his business 
and make a vigorous effort to convince 
the customer that he has the same check 


on his purcnases of current that he 
has on his purchases of any other com- 
modity. 

Energy expended to convince customers 
that they are receiving full value for the 
money they pay you, is one of the most 
profitable means of securing more business. 
If your customers are made to realize that 
they are receiving their money’s worth in 
service rendered, they will use your ser- 
vice much more liberally and be much more 
open to your suggestions for their use of 
more conveniences requiring additional cur- 
rent 

It is a mistake to pay solicitors solely a 
commission on the sales of appliances. This 
practice will surely result in sales of ap- 
pliances to customers who cannot advan- 
tageously use them and will certainly cause 
much dissatisfaction and loss to you. 

A flat salary is preferable, and some 
managers adopt the flat salary method be- 
cause of the labor required to record the 
results of each solicitor’s work. 

The ideal method is a combination of a 
flat salary and a commission based upon 
the volume and value to the company of 
the sales of current effected by the so- 
licitor, with a fine for business lost in the 
territory allotted to him. 

One prominent gas company pays its so- 
licitors a salary of $50 per month and a 
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commission based on results secured, which 
is determined as follows: 

A pool is made each month, representing 
a certain sum for each solicitor employed. 

The various kinds of business to, be se- 
cured are classified and given an arbitrary 
value of a certain number of points. The 
greatest number of points is assigned to 
business requiring no additional invest- 
ment to serve and to business correspond- 
ing to sign and power business. 

From this the business is graded down 
to the lowest number of points for business 
which is simply renewal business, due to 
consumers removing from one location to 
another, and business requiring a heavy 
investment for a relatively small income. 

To assist in the classification, the so- 
licitor must report on a card the estimated 
cost of connecting the customer, as de- 
termined from a schedule furnished him. 
in which are given the costs, as deter- 
mined by the previous years’ averages, of 
the various items entering into the total in- 
vestment necessary to serve the new busi- 
ness. 

He must also report an estimate of the 
first year’s revenue from the new customer. 

The ratio between cost of connecting and 
volume of sales is considered by the new 
business department manager in assigning 
the number of points to the business se- 
cured. 

At regular intervals the solicitor’s rec- 
ords are checked from the customers’ ledg- 
ers, so that the tendency to overestimate 
the value of secured business may be off- 
set. 
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A deduction of an arbitrary number of 
points is made for business lost in each so- 
licitor’s territory. 

At the end of each month each solicitor’s 
points are totaled and the percentage his 
total bears to the total of all the solicitors’ 
points determines his share of the pool. 

In this particular case the sum pooled 
for each solicitor is $25, making the aver- 
age salary $75 per month per man. Some 
of the solicitors on this basis earn as much 
as $125 per month. 

A better way is to determine what price 
you can pay for each kilowatt of new busi- 
ness secured, grading this price from a 
high rate for profitable business to a very 
low rate for business requiring a heavy 
investment, and no rate for unprofitable 
business. 

Then agree to pay the solicitors a com- 


‘mission at these rates for a year for all 


business secured, having it understood that 
any business lost in their territory shall 
be deducted from the commission at the 
same rates. 

Such an arrangement is mutually profit- 
able for both solicitor and company. 

The business secured can be readily de- 
termined if the backs of the Possible Busi- 
ness Index sheets be printed as shown on 
sheet “A.” 

The solicitor should be required to turn 
in with each order the corresponding P. B. 
I. sheet on which he has noted what his 
order covers. : 

If the order represents a customer al- 
ready connected, the amount of the cus- 
tomer’s business for the year previous to 


BUSINESS 


No, 
NO. FLOORS 


INDEX, NO METER SET. 
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FORM 3. 


securing the order should be entered on 
the P. B. I. sheet and also the monthly 
average for the year. 

The sheet should then be filed in a se- 
cured business binder under the name of 
the solicitor securing the business. 

Each month for the year following the 
date of the order, the amount of the cus- 
tomer’s business should be posted to the 
sheets and the increased business crediteu 
to the solicitor at the agreed rate. Such 
an arrangement may be kept up with a 
minimum of work and may be modified to 
suit any set of conditions. 

It would induce the solicitors to devote 
their efforts along channels most profitable 
to the company, and the deduction for busi- 
ness lost would insure their being old busi- 
ness retainers as well as new business get- 
TELS: 

Under such an arrangement the solicitor 
would have every inducement to make 
every effort to remedy complaints, and he 
would find it very unprofitable to waste 
his time selling appliances to customers 
who could not use them to their best ad- 
vantage. 

If the foregoing seems too complicated 
a method of handling solicitors, you would 
do well to reflect that the success of your 
new business department demands good 
men to carry on the work. You can secure 
the best work from good men only when 
you pay them in proportion to the results 
they secure for you. 

Any plan which will increase the eff- 
ciency of your men in securing more busi- 


ness for you, is mutually profitable to 
every one concerned. 


POSSIBLE BUSINESS INDEX. 


One of the most necessary essentials of 
a systematic campaign for new business is 
a Possible Business Index. 

Pope says: 

“Index learning turns no student pale, 
But it grasps the eel of science by the tail.” 

That expresses the aim of a Possible 
Business Index. It is to the conduct of a 
new business department what plans and 
specifications are to a piece of construc- 
tion work. No two men will work up their 
new business data precisely alike. Where 
one will want a complete plan, setting forth 
every detail, another will be content with 
a free hand pencil sketch with a very few 
notes. 

It is well to bear in mind that when a 
man goes hunting he must have a pretty 
definite idea of what he seeks. If you have 
in your new business campaign a complete 
index of the possibilities in your territory, 
you will waste less of your néw business 
appropriation. 

While cards are generally used for such 
an index, loose sheets 5” x 8” in size and 
bound in binders will be found to be far 
more useful, and, in addition, will give all 
of the advantages of a card index. 

Some of the advantages over cards are 
as follows: 

The sheets are larger, giving more space 
for useful data. 

The sheets bound in the binders will al- 
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SOLICITOR 


AMI 
_ REMARKS . 





FORM A. 


ways be found in their proper sequence, 
and, if necessary, can be removed from 
the binder as easily as a card from 
a file: 

By using thin paper much more infor- 
mation can be filed in a given space. 

By using a thin binder, it may be car- 
ried in the pocket, and in this manner the 
sheets are much easier to handle in the 
field than cards. 

Forms:-2 and.3 and “A” give a set. of 
forms for a Possible Business Index. 
Form ‘A” is to be printed on the reverse 
sides of Forms 2 and 3. These forms are 
self-explanatory. ‘Lhe ’phone number 1s 
put in because often very effective solicit- 
ing can be done by ’phone. The data file 
number is to be used when correspondence 
or estimates, etc., accumulate in soliciting 
a prospect. 

An envelope, large enough to contain all 
of the letters, estimates, etc., in flat sheets, 
is used, given a number and filed in your 
data files. The envelope number posted to 
the Index sheet gives quick reference to all 
of the data on file for the prospect. 

Your Possible Business Index should 
contain a sheet for each house or prospect 
in your territory. 

As your territory is extended put in a 
sheet for each house or prospect in the 
new territory. 

Arrange your orders so that every meter 
set, remove or transfer order and every 
appliance order, will go to the person in 
charge of the Possible Business Index, so 
that it will be always up to date, and show 


a complete list of all electrical appliances 
you are supplying with current. 

Remember that your Index is your guide 
for directing your fight for more business, 
and the more careful attention it receives 
the less effort you will waste. 

Use different colors of paper to indicate 
the different classes of new business. 

For instance, white paper to indicate a 
building where no current has ever been 
sold. 

Yellow paper to indicate a building now 
being supplied with current. Make the 


sheet for this class of business show an. ~* 


itemized statement of the connected load. 

Red paper for a building where current 
has been supplied, but, for some reason, 
has been disconnected. 

Brown paper to indicate power prospects. 

Green paper to indicate sign prospects. 

Properly laid out and handled, the Pos- 
sible Business Index will not only show 
the possibilities for business, but it will 
also show the amount of work done on 
each prospect, and when the business is 
finally secured, the index sheets can be 
used to keep a record of the business ob- 
tained by each solicitor. This is easily ac- 
complished by noting on the sheets the 
orders to be credited to the solicitors and 
then filing them in a separate binder be- 
hind the name of the solicitor who is en- 
titled to credit. 

Then, periodically, the revenue from 
such business can be posted to the sheets 
credited to each solicitor and his income 
earning value is thus readily determined. 


———— | 
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One of the best methods of starting your 
solicitors is to have them first go over 
their territory to make up reports for the 
Possible Business Index. In this manner 
the ice is more easily broken for a new 
man and he quickly becomes familiar with 
his territory. 

Practically, at regular intervals, depend- 
ing upon your local conditions, have your 
man check up the New Business Index and 
carefully make the necessary corrections. 

If you are mailing matter to your pros- 
pects, this practice will not only save 
money in postage, but the moral effect upon 
your prospects will increase the efficiency 
of your new business department many per 
cent. 

To assist in keeping your Possible Busi- 
ness up to date, give your solicitors credit 
for any business closed in your office, 
where the Index shows the solicitor has 
called on the customer within thirty days 
of the date of the order. 


NEWSPAPER ADVERTISING. 


Your new business department can be 
made to prosper without the aid of your 
newspapers, but, if you are wise and your 
appropriation permits, you will use them 
liberally and continuously. 

Properly used, the newspaper will aid 
you in molding a favorable public opinion, 
and it will also secure new business for 
you. If it does nothing else, it will pay its 
cost in the increased efficiency it will pro- 
duce in your solicitor’s work. The news- 
paper adds a dignity to the house to house 
work of your men, which it would other- 
wise lack. 

Use as much space as your appropriation 
will buy, but use it continuously. Don’t 
splurge, unless your appropriation will 
stand it. Consider, also, how the average 
person scans his newspaper and you will 
realize that if you would have your adver- 
tisements noticed, they must be arranged 
so that “he who runs may read.” 

This means that your newspaper talk 
must be very, very short, sharp, pithy, in- 
cisive. They must stand out so that upon 
the paper. being opened the advertisement 
at once catches the eye. Plenty of white 
space must be used to accomplish this. _ 

The following excellent suggestion is 
taken from the Electrical World and Engi- 
meer of March 25, 1905: 

“In preparing copy for newspaper ad- 
vertisements the central station man must 
bear in mind that his efforts will not be 
searched for, except by himself. Neither 
can he, as a rule, use sufficient space so 
that his ads. will demand attention merely 
on account of their size. His problem, 
therefore, is to devise a means of insuring 
that his announcements will be read with- 
out resorting to anything bizarre or in 
bad taste. 

“The plan here suggested has proved 
very successful, and anyone who adopts it 
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will. find that his advertisements will be 
the most prominent things on the pages 
which they adorn. 

“It consists essentially of the purchase 
of a few fonts of a large, legible type to 
be used for your own announcements ex- 
clusively and differing from anything in 
regular use by the paper in which they 
appear. The type in which the advertise- 
ment here reproduced (but reduced to 
about 16 points) is set, is known as 28-point 
Caslon Old Style and has the reputation 
of being the most legible face ever cut. It 
can be used to advantage in two ways— 
first, as in the example given, in a few 
lines well spaced and surrounded by plenty 
of white space, and second, in two or three 
lines well spaced, as before, and followed 
by matter in small type. While Caslon Old 
Style is probably the best type for this 
purpose, there are other plain, bold and 
legible faces which can be used if the Cas- 
lon is pre-empted, though, as a matter ot 
course, the results will not be so good if 
others are already using the same _ idea. 
When there is no competition in the light- 
ing business, it is just as well in this style 
of announcement to omit all reference to 
name and address. It is ‘different’ and that 
in itself is good advertising. The follow- 
ing are offered as suggestions for ‘copy.’ 
Some of them are original, others have 
been culled from various sources. 

“In papers of ordinary get-up as to their 
advertisements, it is surprising how jm- 
possible it is to look at a page containing 
one such as I have described without see- 
ing it first, almost to the exclusion ot 
everything else. Two fonts of type, costing 
about $8,-will set any of the advertisements 
which can be set in the space commonly 
used.” 

In connection with the above, note the 
Macbeth lamp chimney ads. running in the 
magazines. 

Give your newspaper talks direction. Se- 
lect some person or prospect in your city, 
as nearly typical as possible of the pre- 
vailing type of people whose business you 
the going to get and auuress all your talks 
to him. It has been demonstrated in train- 
ing street car conductors to call streets 
and stopping places, that announcements 
are much more easily understood if the 
conductor will direct his talk to some in- 
dividual in the car, instead of just talking 
into space. 

The same thing holds good in advertis- 
ing. 

You are going to persuade people to 
buy your service. 

Very well. Point your arguments for 
some particular individual. Be direct; 
come to the point at once. 

Use old-fashioned, plain English, the 
kind that says “Keep Out” instead of “No 
Admittance,” or “Come In” instead of 
“Visitors are Welcome.” 

Use common sense. “The man who has 
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the truth in his heart need never fear the 
lack of persuasion on his lips.” 

It isn’t necessary that you be able to 
write flowing sentences. 

You have a story to tell. Imagine that 
you have your prospect up in a corner 
where he can’t get away. Talk to him, but 
be_ brief. . 

Select some phrase to correspond with 
“Cook ‘with .Gas.” ‘Use it to head every 
advertisement and follow it up with a rea- 
son why. 

Here are some suggestions. 


LET ELECTRICITY DO YOUR WORK. 


Get an electric iron. Then your ironing 
will be done with half the time and work. 
One will be sent to you on thirty days’ 
trial if you ’phone to No. 

Get an electric warmer for baby’s food. 
Then you won’t have to chase downstairs 
nights to the gas stove. 

Put up a “porch light; with: the. “street 
number on the globe, keep it lighted even- 
ings. Let your friends know where you 
live, when they call. 

How about the wear and tear that 
clothes wringer takes out of your clothes? 
An electric centrifugal clothes wringer will 
save it. 

Ever hunt for things in your closets with 
matches? Electric closet lights are cheap 
fire insurance. Put them in now. 

Do “you. use a, chafing- dish? ‘See the 
electric chafing dishes at (your address). 

Does your wife sew? 

She certainly will appreciate an electric 
motor to drive her machine. Order one on 
trial. 

Do you use power? 

An electric motor will furnish it at less 
expense than anything else you can get. 
Telephone No. —— for particulars. 

An electric fan will chase the flies out 
for you. Send in your order now. 

Change your copy every day. This is 
important, and it will lead many people to 
look up your ads. to see what you will 
say next. 

The more people whom you can get to 
think about your business, the faster will it 
increase. 

Keep a scrap book file containing copies 
of every advertisement you run. If you 
will arrange your scrap book in the order 
in which your ads. appear, it will form an 
excellent means of checking your monthly 
newspaper bills. 

Study every ad. that comes to your no- 
tice, in your endeavor to make your own 
ads. different from the others with which 
it is printed. The effort will pay big re- 
turns. 





DIRECT-BY-M AIL ADVERTISING. 


A campaign of direct advertising by mail 
will still further increase your solicitors’ 
efficiency. Mail will easily reach custom- 
ers who will never see a solicitor, or get 


mailing cards, 
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to them at times when a solicitor’s call 
would be considered an intrusion and re- 
sented. 

Be chary, however, of your use of cir- 
cular letters, and no not place too much 
faith in the selling power of multi-colored 
direct-by-mail stuff, artistically folded like 
a table cloth or bed sheet. 

Business men to-day are busy. A sen- 
tence in black type on a plain postal will 
make an indelible, unconscious impression, 
where a choice collection of pictures on a 
square yard of wrapping paper will only 
produce an emphatic cuss word and a vig- 
orous shove toward the waste basket. 

The chief value of a circular letter is its 
personal appeal. Therefore is the necessity 
for its preparation with consummate care, 
to give it all the effect of a personal appeal 
to the reader. 

Most circular letters are an abomination 
and unless you are sure of your ability to 
convince your man that it is his interest 
and business, not yours, that you are push- 
ing, you would better stick to your postais. 

If you do send out circular letters, en- 
close with each one an addressed postal 
(not a mailing card without a stamp), so 
that when your letter makes the desired 
impression the postal will be mailed before 
your prospect changes his mind in hunt- 
ing for a one-cent stamp. 

Be sure, too, that the postals are num- 


bered for identification, for sometimes 
prospects mail cards, forgetting to sign 
them. 


If you have an addressing machine, have 
the addresses of your prospective custom- 
ers set up for it and arrange to keep it 
up to date. This will put you in position 
to effectively and quickly reach your pros- 
pects with any proposition you want to 
push. 

Number consecutively the printed matter, 
circular letters, etc., that 
you have sent out; keep a scrap book with 
copies of all such matter and have the date 
and number stamped upon your Possible 
Business Index sheets. By tabulating the 
orders secured from each lot of matter 
mailed out, as shown by the entries on the 
Possible Business Index, you are in po- 
sition to judge the effectiveness of what 
you are distributing. 


CO-OPERATION WITH EMPLOYEES. 


Do not end your work among your own 
men with training your solicitors. Work 
up the interest of every man connected 
with the company. Make them all see the 
possibilities that can be obtained if every 
man makes use of the opportunities for 
boosting the company’s business that come 
to him every day. 

Organize a progress club among the men, 
with meetings to be held monthly, or oft- 
ener, at which matters relating to the ser- 
vice, etc., can be discussed. Invite their 
criticism and study their suggestions. This 
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work will cost much in time and energy, 
but better results will be secured than can 
be contained in any other manner. 


SALESROOM. 


Your salesroom is a most important ad- 
junct of your new business department. 

First impressions count for everything 
with some people and for something with 
everybody. Your conditions will govern 
the quantity of apparatus you can display, 
but even if you show only a flatiron, you 
can show it, if you will, so that it will at- 
tract interested attention. 

Don’t neglect to have a glass case watt- 
meter connected up, so that you can dem- 
onstrate its operation any time. 
~ Make use of the pamphlets, etc. that 
manufacturers of electrical apparatus will 
supply you for the asking. Everything 
helps. 


CATALOGS. 


Keep carefully filed, for reference, every 
catalog of current using apparatus you can 
obtain. Study your catalogs and have your 
solicitor study them. They will suggest 
endless applications demanding the use ot 
current, many of which can be profitably 
used by your consumers. 


APPLIANCE POLICY. 


Make your selling prices for appliances 
bring you the same rate of profit a dealer 
would expect, but scrupulously put into 
advertising or soliciting every cent of such 
profit. This practice will encourage deal- 
ers to handle electrical appliances. Co- 
operation is what you need and the more 
people in your territory who can be in- 
duced to push electrical appliances, the bet- 
ter will it be for you. The practice of 
selling appliances at cost or less than cost, 
further has the tendency to confirm the 
popular opinion of the profits. from the 
sale of the current. Then, too, many people 
measure the value of an article by its price 
and emphasizing the low price of what you 
are selling depreciates it to them. 

Selling electrical appliances is more a 
matter of salesmanship than price. 

Convince your customers of the value of 
your service. Create in them the desire 
to use it. It can be done by. persistent 
work. Make your terms easy; small pay- 
ments on long time and they will buy. 

Offer every appliance you handle on trial 
long enough to thoroughly demonstrate its 
convenience and utility. 

Follow up every appliance sold, with a 
careful inspection, to ascertain that it has 
been properly set and that its operation is 
thoroughly understood. 

Push forward the merits of your service 
and leave price the last thing to discuss 
when you have shown how desirable and 
useful a thing your service is. 

In exceptional cases, your margin of profit 
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will permit you to arrange exchanges to 
secure profitable business you could not 
otherwise get, because of the customer’s in- 
vestment in concurrent consuming appa- 
ratus. 


CO-OPERATION WITH CONTRACTORS. 


Display in a prominent place in your 
office a wall directory of all the electric 
contractors in your territory. 

Arrange to send them immediately any 
tips coming to your notice concerning wir- 
ing work, etc. 

Keep in touch with your contractors, es- 
tablish friendly relations with them and 
consider their criticisms and suggestions. 
Their co-operation is a valuable means of 
extending your business and is well worth 
your strenuous efforts to secure and hold. 

Keep informed of the local work your 


-architects have in hand and arrange for 


regular reports from the building inspec- 
tor’s office. 

Knowing in advance of projected new 
buildings or remodeling work, you can fur- 
nish advance information to your friends, 
the contractors, and their self-interest in 
securing the work will make them effective 
solicitors for you. 


PUBLICITY. 


Make use of every legitimate means of 
securing desirable publicity for your com- 
pany. 

Establish friendly relations with the ed- 
itors and reporters of your newspapers. 

In most small towns, news items are not 
plentiful and much profitable publicity can 
be secured through tactfully acquainting 
your newspaper men of current happen- 
ings, such as contracts closed, contemplated 
improvements, etc., or handing them an 
occasional clipping describing some elec- 
trical appliance or some new application 
of electricity. 

Should you, unfortunately, have an ac- 
cident, prepare your own version for your 
papers. It will save them the trouble of 
writing it up and insure your public having 
the story as you want it told. 

Remember, your business is bound to re- 
ceive a certain amount of attention from 
the press. If you will make the effort, you 
can direct it to your advantage. 

Make every piece of company property 
carry its advertising message._ If there is 
no ordinance prohibiting it, put a perma- 
nent enameled sign on every one of your 
poles. You need not incur the expense of 
equipping all the poles at one time, but by 
buying permanent signs you can put them 
up on the. instalment plan, without finding 
the expense too heavy a burden. 

The benefit to be obtained by circulating 
a monthly bulletin among their customers 
and prospective customers is not properly 
appreciated by central station men. 

Most electric men fully realize the bene- 
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fits their companies bring to the community 
they serve, but too many forget that there 
is no one except themselves to exploit these 
benefits to obtain the public apprecation 
they merit. Electric men, and gas men, too, 
for that matter, have too long been guilty 
of “hiding their light under a bushel.” 

Energetically pushing forward the many 
advantages of electric service, both to the 
customers and to the community as a whole 
will do more than anything else to disarm 
the hostile spirit too often manifested 
against central stations. 

There is no one to do this save the cen- 
tral station men themselves, and no’ better 
way to accomplish it than the monthly bul- 
letin. 

The practice of advertising appliances on 
or with monthly bills for services is of 
doubtful value. The recipient of the bill 
is then in the least receptive mood for sug- 
gestions to increase his use of current. 

The bulletin method is more costly to be 
sure, but it deserves careful consideration 
among your other plans for extending your 
business. 


CULTIVATING POPULARITY. 


Aim to be considered in your community 
as a public benefactor. 

Give your wagons, tool carts, etc., espec- 
ial attention. Paint them often and keep 
them clean. 

Make your entire equipment carry the 
message of wide-awakeness and progres- 
siveness to your community. 

Use a portion of your new business ap- 
propriation for purchasing advertising 
space in programs for church entertain- 
ments, etc, 

The space so purchased has little adver- 
tising value, but when the character and 
energy of the people behind church and 


charitable organizations is considered, the | 


importance of securing their good will is 
apparent. 

The amount paid in each case need only 
be a small one, but it is important that 
this matter be so handled as to build up a 
co-operative spirit and that your customers 
appreciate that you are anxious to lend 
your assistance to anything promoting the 
public welfare. 

In this line of work, beware of the pro- 
fessional advertising scheme promoters. 

If possible, arrange to loan cooking and 
other apparatus to church and charitable 
organizations free of charge, including cur- 
rent used. Stipulate, however, that a rep- 
resentative of your company shall super- 
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intend its operation to demonstrate the ap- 
paratus and to make use of any opportunity 
to promote your interests that may occur. 

Your efforts along this line of work will 
certainly go far towards establishing your 
company solidly in the good graces of your 
customers and possible customers. 

Never let any adverse criticism of your 
company, by any individual in your com- 
munity, go unanswered. 

Public service companies have so gen- 
erally neglected to answer hostile criticisms 
that the public generally has come to con- 
sider that they have no answer. 

Whenever you hear of a disgruntled in- 
dividual, ascertain as quickly as possible 
what his grievance is, and either show him 
where he is wrong, or right his trouble. 
A few people you will find whom you can- 
not convince, but your efforts in this direc- 
tion, persistently followed up, will bear rich 
fruit. 

CONCLUSION. 


You have doubtless noted that there is 
nothing new or radical in what has been 
advanced in this paper for the organization 
and conduct of a new business department. 

These things have all occurred to every 
man who has given persistent thought to 
the work and will occur anew to the man | 
who will engage in it later. 

It would perhaps be difficult for any one 
man to follow all of the lines suggested, 
but every man doing central station work 
can, if he will, start with some one line of 
effort in this direction. 

The start is the all important thing, for 
if the work be followed up, new ways and 
methods will be constantly suggested to the 
persistent worker. 

Thoréaunsays:< sl learned this "se 
that if one advances confidently in the di- 
rection of his dreams he will meet with a 
success unexpected in common. If you 
have built castles in the air, your work 
need not be lost; that is where they should 
be—now put the foundation under them.” 

This also applies to the new business 
work, 

Dream your dreams of satisfied custo- 
mers lighting their homes, their factories 
and their stores with your current, driving 
their machines with your power; cooking 
their meals with your appliances; advertis- 
ing their business with your signs. Then 
work, work day and night to make your 
dreams come true. 

Work—everlasting, never tiring, patient, 
persistent work—that is the secret of a 
successful new business department. 
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Papers Read Before Technical Societies 


THE MERCURY VAPOR LAMP 


By Percy H. Tuomas. 


Extract from a Paper Presented to the 
Ame inst..or 2 )-bners. 


As a lamp, the mercury vapor apparatus 
has a number of interesting characteristics. 
Its great efficiency, which in long tubes 
reaches 1/3 watt per c.p. (exclusive of re- 
sistance losses), is obtained onlv when run 
under the most favorable conditions; for 
example, only with the proper vapor pres- 
sure, current, and tube diameter. Mercury 
vapor is a much more efficient material 
for light production than most other gases 
and vapors whether used alone or mixed. 
The addition of atmospheric air, for ex- 
ample, to mercury vapor, even in very 


small quantities, increases the voltage on. 


the tube very much, thus increasing the 
energy supplied. 

The spectrum of mercury vapor is, fur- 
thermore, one of the most complete and 
usable gas spectra; it contains a variety of 
colors in substantially equal proportions, 
chiefly an orange-yellow, a yellow, a blue 
and a violet, with a smaller amount of 
a green-blue. The only portion of the 
spectrum not pretty well represented is 


the red, which, generally speaking, is the . 


least desirable color. ‘The mercury spec- 
trum has proved to be excellent physiolog- 
ically, and extremely well adapted to most 
mechanical processes. It is possible, of 
course, by the addition of other gases to 
add red to the spectrum, which may then 
be quite prominent, especially if means are 
taken to condense a portion of the mercury 
vapor. In general, however, these combi- 
nations of gases are more or less likely to 


deterioration and alteration, and have a. 


considerably lower efficiency than pure 
mercury vapor. For most purposes the 
color would not be more desirable with 
the addition of red. 

Light Efficiency: The efficiency of mer- 
cury vapor as a source of light follows 
a number of laws. 1, the watts per can- 
dle-power vary with the pressure of the 
vapor, having a minimum at a certain pres- 
sure, as shown in Fig. 1, which is from a 
test on a commercial type of lamp. 2, it 
is nearly independent of the ~ current 
strength within certain limits, in this case 
it being assumed that the pressure, tem- 
perature, etc., are constant. 

3. Superheating the tube, and _ conse- 
quently that portion of the vapor emitting 
light, seems to have little effect. 

It will be seen by the curves in Fig. 1, 
on which is shown the norma! lamp voltage 


characteristic, that is, the relation between 
current and voltage of the operating lamp, 
that the most efficient light giving point is 
at, or nearly at, the point of lowest voltage 
on this characteristic. This is fortunate, 
since for purposes of regulation this is a 
most desirable point to operate the lamp. 


- Above this most efficient point the pressure 


of the mercury vapor increases rapidly, 
and while also increasing the candle-power 
it increases the voltage in the tube in still 
higher proportion. Below this point the 
voltage on the lamp rises, probably partly 
on account of traces of residual gas not 
exhausted in the pumping, which causes 
a great dropping off of the quantity of 
light and the efficiency. These residual 
gases are here more prominent on account 
of the lower mercury temperature and 
vapor pressure. 

It is evident that the temperature of the 
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mercury electrode and the pressure of the 
mercury vapor resulting from a given cur- 
rent will depend directly upon the air tem- 
perature surrounding the lamp. In the 
commercial types of lamp, however, the 
actual change in efficiency from change in 
atmospheric temperature is very slight 
throughout the practical working range. 
This results from the flat form of the 
lamp characteristic near the point of 3.5 
amperes, as seen in Fig. I. 

Lamps may be made for various uses 
with different diameters of light-giving 
tubes. The diameter most commonly used 
and suited to 3.5 amperes is I-in., or a 
trifle less, in inside diameter. To give the 
same intrinsic intensity with other diam- 
eters the current should be varied in pro- 
portion to the cross section of the tube; 
that is, for a 2-in. tube. we should require 
about 14 amperes. Since the voltage de- 
creases as the diameter of the tube, and 
since at the same intrinsic brilliancy the 
quantity of light increases as the diameter 
on account of the larger surface, we should 
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expect double the light and double the 
energy consumed with the larger tube. It 
is found by measurement, however, that 
the larger tubes are somewhat more eff- 
cient, so that there is a saving of 20 to 
25% on the efficiency for 2-in. over that 
of 1I-in. tubes—inversely with smaller tubes 
and the appropriate currents. With smaller 
tubes, however, the difficulty of maintain- 
ing the negative alive becomes very much 
greater on account of the small current 
which, as already explained, is subject to 
momentary impulses tending to stop the 
flow of current. 

There can be no one proper method of 
measuring the candle-power of a Cooper 
Hewitt lamp; first, on account of the fact 
that the color of the lamp is different from 
the color of any accepted standard, and 
because it is a spectral against a contin- 
uous spectrum; and secondly, because the 
light-giving tube is not a point, and the 
law of inverse squares does not hold ex- 
cept at very great distances. For commer- 


cial tests the candle-power of the lamp 
should not be measured at a great distance, 
since the lamp has a practical advantage 
over most other lights trom its tubular 
comparative 


form, which advantage it 





FIG. 2.—STARTING AND OPERATING CIRCUITS 
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starting resis- 
R, lamp resistance; I, induc- 
tance. 


A, auto transformer; R’, 
tance ; 


would lose were the candle-power measured 
at a considerable distance. Where it is 
important actually to define the candle- 
power of these lamps, the particular meth- 
od of measurement to be used must be 
specified. 

Alternating-Current Lamp: The princi- 
ple of alternating-current lamp is generally 
well understood by this time, the circuits 
being shown in Fig. 4. Referring to this 
figure it is evident that during one alter- 
nation, current is supplied from one-halt 
of the transformer secondary through the 
lamp tube back to the neutral point, and 
during the other alternation by the other 
half of the transformer secondary through 
the tube to the same point, and that the 
choke-coil in the negative lags the current 
over the zero points. 

The light from the alternating-current 
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lamp is practically equivalent to that from 
the direct current, since in the light-giving 
portion of the tube the light is substantially 
direct current. 

On 25 cycles, by providing a larger choke- 
coil in the negative than is necessary in 
the 60-cycle lamp, the natural tendency to 
flicker with the period of the 25 cycles is 
eliminated. 

Starting: The method of starting in the 
type-C alternating- current lamp is an ex- 
tension of that of the direct-current lamp 
and is of some interest. A small electrode 
or the pin. In the latter case the lamp 
as shown in Fig. 4, and connected to one ot 
the positives through a rather high ohmic 
resistance. In starting, the lamp is tilted 
so that the mercury forms a continuous 
stream from the negative to the positive 
end and is carried by its momentum up 
around the inside end of the tube until 
it touches the pin which is placed on the 
top side of the tube. On account of the 
irregularity of the flow of the mercury it 
here makes and breaks contact with the 
pin a number of times, each time causing 
a breakdown of the negative electrode re- 
sistance, either on the column of mercury 
or the pin. In the latter case the lamp 
will go out at the end of the alternation. 
If, however, the mechanical break at the 
pin occurs during such an alternation that 
the mercury column is the negative the 
lamp will start to operate upon the pin, and 
that main positive electrode to which the 
pin is not connected as positive electrodes 
and the mercury stream as the negative. 
Then, on account of the starting resistance 
connected with the pin, the current will be 
immediately transferred from it to the cor- 
responding positive, and the lamp is start- 
ed. The-lamp: is then returned to its 
normal position and all the mercury flows 
back to the negative. If, now, there were 
no resistance between the pin and its posi- 
tive electrode, and assuming the lamp to 
have been started during tilting by one of 
the breaks between the mercury and the 
pin,’ 1t.-1s “evident: that “if the’ mercury 
touches the pin again, that the lamp will 
go out, since for this instant the flow of 
current does not enter the vapor at all (on 
account of the metallic connection between 
negative and one positive.). That is to 
say, if it were not for this resistance which 
prevents current when once transferred to 
both main positives from being withdrawn 
by a subsequent connection between the 
mercury and the pin, the lamp would be 
started and put out and started again re- 
peatedly. Only the last break between the 
mercury and the pin would count in start- 
ing, and we should fail to light the lamp 
more often than we succeed. As an actual 
matter of fact, lamps have been built which 
started practically every tilt, though the 
average commercial lamp is not expected 
always to light at the first trial. 
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SELENIUM AND ITS IMPORTANCE 
IN THE GAS INDUSTRY 


By H. Raupp, 


Read before the Association of Gas and 
Water Engineers, Mainz, Germany. 


Selenium, it appears, is going to be ot 
great importance in the gas industry, and 
I expect it to solve some problems that 
are now very interesting to us all, such as 
the automatic ignition of street lanterns. 
You find very little in literature regard- 
ing selenium and its wonderful qualities, 
and I suppose that you will be interested if 
I give you a short account of selenium and, 
by means of some apparatus, give you an 
idea how extensively and in what manner 
it will, without doubt, be employed in the 
gas industry. 

Selenium has an atomic weight of 78.49; 
it occurs frequently in nature, but in very 
small quantities, wherefor it is classed with 
the rare elements; it belongs to the sul- 
phur group, and its qualities are in many 
respects like those of sulphur. 

Selenium occurs chiefly with the metals, 
as lead, sulphur, and mercury, as well as 
in iron.and copper ores. It collects from 
these ores, used in the manufacture of sul- 
phuric acid, on the bottom of the lead 
chambers. Here it was that Berzilius dis- 
covered it in the year 1817. We get it 
from these lead chambers in an amorphous 
condition as a red powder, which, on melt- 
ing, changes into a black, glossy mass, re- 
sembling ‘sealing wax; in this condition it 
is almost a non- -conductor of electricity; 
but the wonderful qualities of selenium are 
brought out when this black mass is heat- 
ed to 200° C., at which point it suddenly 
goes over into a metallic condition, having 
a lead gray color, a specific weight of 4.8, 
and a melting point,of 217° C.. Under the 
influence of: light this metallic selenium is 
a much better conductor of electricity than 
in the dark, its coOnduetivity being ten times 
as great in the light. 

Of this quality We} .can make use by em- 
ploying selenium in’. .telephotography, in 
the telegraphic transmission. of signs, in 
photography, etc.; but, aside from this, I 
shall demonstrate to you how selenium is 
likely to be used in the gas industry. 

For practical purposes selenium is em- 
ployed in so-called selenium cells. There 
you see (Fig. 1) a pear-shaped globe 
like that of an electric incandescent lamp; 
within this bulb is a porcelain cylinder 
about whose surface the selenium is wound 
in very fine threads. ‘They are also made 
flat-shaped (Fig. 2) when used where 
the illumination is on one side only. They 
are manufactured in an excellent quality 
in Ruhmer’s physical laboratory in Berlin. 

In order to demonstrate to you how the 
light acts upon such a selenium cell I have 
constructed the following apparatus (Fig. 
3). There you see a selenium cell, a dry 
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battery, and an electric bell on a relay; 
this relay has been so arranged that the 
bell does not ring when light falls upon 
the selenium; it only does so in the dark. 

I have made use of this peculiar quality 
of selenium in the construction of an ap- 
paratus that may be used for testing gas, 
though to-day I can present it only in the 
form of a model (Fig. 4). The selenium 
cell constantly receives light either from 
a gas flame or from an incandescent lamp, 
and there moves slowly between flame and 


_ cell by means of clockwork a strip of white 


paper that has been soaked in a solution of 
lead acetate; it is enclosed in a gas-tight 
glass case, through which there is a steady 
flow of the gas to be tested. As soon as 
the cleanser gets dirty, that is to say, al- 
lows sulphuretted hydrogen to pass, the 
strip of paper turns brown or black imme- 


‘diately, the bell begins to ring, indicating 
‘that the process of cleaning is imperfect. 


In this way we may get audible informa- 
tion that the gas is not clean chemically. 

Benee the indirect action of the rays 
of light I am able, by means of a selenium 
cell and a relay, to do all kinds of work. 
For instance, instead of ringing a bell as 
in above case, I can use the current of 
electricity as well for turning the gas cock 
of a street lantern. 
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Here is a distance-lighter, a Welsbach 
burner with pilot flame, and the familiar 
electro-magnetic device for operating the 
gas cock, placed inside the jacket under- 
neath the burner. I connect this incandes- 
cent burner with a selenium cell and a dry 
battery (Fig. 5), now, when light falls 
upon the selenium cell, 7. ¢., by .day, the 
burner will not be lighted, but as it be- 
gins to darken, the dry battery will be 
automatically put in circuit, the cock opens 
—and there will be light. 

To apply it to such cases it has to be 
placed on top of the street lanterns, to be 
out of the influence of its own light, as 
otherwise you will find there would be 
light and darkness alternately. 

These automatic ignition devices of se- 
lenium are also of great importance for 
lighting bell-buoys, and have already been 
employed in this capacity. 

There is another application which I 
should like to mention: Imagine a gas 
meter with two counters for the purpose 
of registering separately the gas used by 
night and that used by day, either moved 
by means of a clockwork, or by hand by 
means of a lever. The attempt has been 
made to move the works by means of an 
electro-magnet connected with a selenium 
cell in such a way that, as night approach- 
es, the night register acts automatically, 
and vice versa, at dawn of day, the day 
register is put in action. 

Finally, I should like to mention the old 
Siemens selenium photometer. You see 
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here (Fig. 6) a metal funnel, in the bot- 
tom of which has been placed a selenium 
cell; it is connected with a dry battery and 
a galvanometer. This funnel with selenium 
cell is substituted for the ordinary pho- 
tometer screen (paper with paraffin spot). 
The selenium photometer works in the fol- 
lowing manner: 

The funnel is at first placed in front of 
a standard candle, and the deflection in 
the galvanometer noted, then the funnel is 
made to face the source of light to be meas- 
ured, and then it is moved to and fro until 


a 
a 


i 





RiG. 7: 


the galvanometer registers the same deflec- 
tion as before. From the two distances 
then it is easy to calculate the intensity of 
the light. 

In the employment of the old familiar 
photometer there was often a lack of pre- 
cision, for one reason on account of the 
difference in eyes; this cannot happen 
where the selenium photometer is used, as 
the deflection in the galvanometer may be 
exactly read. Figure 7 is a selenium pho- 
tometer of the latest construction, which 
may be used for all kinds of illumination; 
battery and tester are inside the galvanome- 
ter box. 
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MARINE AND VEHICLE 
LIGHTING 


By Oscar F. Ostpy. 


Read before the National Acetylene 
Association Convention. 


This is such a broad topic that I do not 
exactly know where to begin, and should I 
try to “exhaust my subject.) am “afraid, it 
would more than exhaust my hearers, so I 
will just mention a few of the many im- 
portant usages on our highways of com- 
merce on land and sea where Acetylene is 
fast gaining headway. 

The lighting of yachts, power or sail, 
steamboats, tow-boats, and marine craft of 
all descriptions has always been a problem 
attended with great difficulties, both prac- 
tical and economical. The same may be 
said for lighthouses, beacons, buoys, etc. 

The larger power boats, as a rule, have 
been equipped with electric lighting plants, 
which are not only extravagant, but unre- 
liable. Sailing vessels have been obliged 
to depend upon oil. The use of oil, aside 
from its inconvenience, inefficiency of illu- 
mination, and cost of attendance, will 
always be unsatisfactory and attended with 
dangers, to say nothing of its other dis- 
agreeable features. The adoption of elec- 
tricity on power boats has overcome some- 
of the objectionable features of oil lighting, 
but is by no means the solution of the prob- 
lem. The space required for a dynamo and 
special engine and the necessity of retain- 
ing a certain pressure of steam in the 
boilers as long as light is wanted make 
such systems extravagant and inconvenient. 
The latter objection is sometimes partially 
overcome by the use of storage batteries, 
which take up still more valuable space, 
and are excessive in weight and uncertain. 

There is a light, and only one, that never 
fails; that does not blow out; that does 
not break down; that is more brilliant 
than electricity and always steady; that 
requires no power, no machinery, no filling 
of lamps attended with fire dangers; that 
illuminates the most luxurious cabin, keeps 
bright and steady in the binnacle and run- 
ning lights, operates the searchlight, and 
yet requires no more attention than occa- 
sionally ordering a new cylinder. It can 
be installed in a deep sea palace; it will 
equip the searchlight of a row- -boat ; from 
lighthouse to buoy it shines brightly 
through fogs that obscure other and more 
powerful lights. The light is from Acety- 
lene, and with our Safety Storage System 
we are filling a long felt want. 

You are all familiar with our System, 
and I will not enter into any detailed de- 
scription. Briefly, it consists of cylindrical 
tanks of various sizes, from one that cat 
be carried in a hand satchel to one 9% 
feet long. The cylinders are packed with 
asbestos discs with an 80 per cent. porosity ; 
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the asbestos is saturated with acetone (a 
chemical very similar to wood alcohol), 
which at a normal temperature and 150 
lbs. pressure absorbs twenty-five times its 
own volume of the gas, increasing tie stor- 
age capacity of hte tank tenfold. When 
the pressure of the tank is released by the 
opening of a jet, the acetone releases the 
gas. <A regulating valve, through which 
the gas passes after leaving the cylinder, 
regulates the pressure at the burners, so 
that it makes no difference how much gas 
there is in the tank or how many lights 
are being used, the flame and the pressure 
at the burners. are always the same. 

The yacht owner is quick to appreciate 
a good thing, but we are up against power- 
ful interests, who are fighting for every 
inch of ground. Our competitors (I speak 
now for the whole Acetylene industry) ap- 
preciate the value and superiority of Acety- 
lene more than any one else, and that where 
we once get a foothold they will eventually 
meet their Waterloo, for where we win it 
is always on our merits. 

Our tanks vary in size from those con- 
taining only six cu. ft. of gas to our rail- 
road cylinders with a capacity of 2,000 cu. 
ft. The size of the tank necessary for 
each individual boat is, of course, deter- 
mined by the number and size of lights. 
As a rule we figure on supplying all lights 
for approximately one month, but where 
it is desired we make in installation that 
will take care of the lights for two or 
even three months and a whole season. 
The boat-owner appreciates what thiy 
means; he knows that there are no working 
parts to depend upon, and that whenever 
he wants light he can. have it without trou- 
ble to anybody ; he is paying for only the 
light that is used, and, last, but not least, 
he has the best ‘light in the world ated 
lower cost than he could get any other. A 
very popular installation is what we call 
the double-cylinder system. As the name 
implies, it consists of two cylinders which 
are both connected up with the piping, only 
one of which is turned on at a time. When - 
the gas from one is exhausted, or nearly 
so, the second is turned on; the first being 
exchanged for one fully charged, and thus 
keeping a full tank on tap at all times. 

We are not only installing the safety 
Storage System on new boats, but in 
many cases as an auxiliary, and also re- 
placing other systems on old boats. The 
superiority of Acetylene, where used as an 
auxiliary is so marked that the other illu- 
minant, whatever it is, usually becomes the 
auxiliary. 

We have equipped craft of all descrip- 
tions, including many of the best known 
yachts in the country, which carry the 
glory of Acetylene all over the world. 
Among the numerous installations made 
this season is a ferryboat, from which we 
have very favorable reports. 

The piping of a boat for Acetylene does 
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‘not mean a general ripping up, for wher- 
ever possible the piping is run exposed and 
stained the color of the surrounding wood- 
work, so that after the job is finished the 
pipe has the appearance of a moulding. To 
connect up the binnacle, running lights, and 
searchlight we use a flexible rubber tubing. 


Since the introduction of Acetylene for 
binnacle and running lights I’m sure St. 
Peter’s work has been lighter, for there 1s 
as much difference between Acetylene and 
oil as there is between night and day, and 
we have yet to hear of the first case of an 
Acetylene running light blowing out in even 
the most severe weatehr. 

For lighthouse, stake boats, buoys, etc., 
the high candle power and great penetrat- 
ing power of Acetylene with small con- 
sumption again proves its great value. 


The method of application is simplicity 
itself. Take the South Beacon at Sandy 
Hook for instance. As you have all read 
in the Acetylene Journal (I know we all 
read the Journal from cover to cover), we 
equipped that sometime ago, replacing oil. 
The gas is supplied from a railroad cylin- 
der which is placed at the foot of the light 
and piping is run up the outside. In the 
light we use 33%’ burners, or in other 
words a total of onlv 1% cu. ft. of Accty- 
lene per hour. One tank supplies the light 
for about six months. 


For breakwater and stake lights we use 
16” x 84” cylinders, which contain approxi- 
mately a three months’ supply. We use 
the same lamp that has been used with oil 
by simply substituting an Acetylene burner. 
Boatmen in waters where Acetylene is used 
speak of it in the highest terms, and did 
they have their way no other would be 
employed. 

For buoys we supply a tank with an 
available supply for 5,000 hours, which 
means a big saving, as every time a trip 
is made to some of the buoys in our har- 
bors it means an expenditure of anywhere 
from $20 to $50. 

The ideal illuminant for general railway 
lighting is one that may be produced at a 
central station, admitting of wholesale pro- 
duction, under single-headed management, 
and which may be transported throughout 
the entire system by some simple means 
without loss or danger, and which may be 
used for all purposes. There must be lu- 
minous intensity, simplicity in operation, 
and absolutely fixed light, exempt from at- 
mospheric influences, wind, heat and cold, 
facility of being placed according to needs; 
no loss when the light is shut off; cleanli- 
ness, simplicity of maintenance, freedom 
from fire dangers, and explosion, and must 
be economical. The only illuminant that 
can qualify under all these conditions is 
acetylene, and on the railroad our System 
has proven its value, not only for car light- 
ing, but for locomotive headlignts, tail 
lights, signal lights, station and yard light- 
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ing, etc., and in fact wherever a reliable 
light is needed. : 

Numerous roads throughout this country 
and Canada are using the System, and 
among these the D., L. & W., Canadian 
Northern, El Paso & Southwestern, and 
N. Y¥., N. H. & H. have already established 
their own generating plants. 





ILLUMINATING POWER AND 
LIGHTING EFFICIENCY 


By W. R. HErRrINc. 


Extract) froma'.Paper Read. Before athe: 
North British Association of Gas 
Managers. 


During the past six years I have had 
occasion to devote very considerable time 
to investigating the phenomena which go 
to make up the efficiency of the light emit- 
ted by an incandescent burner, and have 
been directing an investigation into the 
causes which enable gases of various lu- 


‘minous flame values to render the same 


illuminating power when burned in the 
incandescent burner. I have had the op- 
portunity of dealing with many grades of 
gas ranging from 12 to upwards of 30 can- 
dle-power. 

It is generally believed that calorific 
power alone is to be the governing factor 
in the future; but my investigations war- 
rant my saying that there is at least one 
other important factor to be taken into ac- 
count at the present day when determin- 
ing the value of a gas for lighting pur- 
poses. The visible luminosity and calorific 
power do not alone account for the results 
obtained when using the gas in incandes- 
cent burners, nor can the question of flame 
temperature alone account for the results. 
I have, however, no hesitation in saying 
that flame volume is a factor of even 
greater importance than calorific power. 

It will doubtless have been noticed by 
many—particularly with flat-flame testing 
—that a considerable change in the volume 
of flame when burning at the 5 cubic feet 
rate is observable without affecting the 
luminous value of the gas. Then again a 
25-candle carburetted water gas yields a 
much smaller flame than a 25-candle coal 
and cannel gas; and yet the flame tempera- 
ture of the carburetted water gas is slight- 
ly higher than that of the coal and cannel 
gas.. If, however, the volume of flame is 
insufficient to properly envelop every fiber 
of the mantle, then neither calorific power 
nor flame temperature can play its part 
and develop the highest degree of luminos- 
ity in the mantle. 

Flame volume must be dependent upon 
the chemical composition of the gas, which 
I have found can vary very considerably 
for gases of the same luminous value and 
approximately the same calorific power. 

A 16-candle gas containing 3.76 per cent. 
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of the unsaturated hydrocarbons compared 
with an average of 27.86 candle gas con- 
taining 9.260 per cent. contains two-and-a- 
half times as much of the unsaturated hy- 
drocarbons. The illuminating power is 
only increased by 74 per cent., whereas the 
increase in the percentage of the illumi- 
nants present should have yielded, in the 
same ratio, practically 4o-candle gas, or 
an increase of 148 per cent. This shows 
conclusively that a very much lower effi- 
ciency is obtained when burning the high- 
grade gas as a luminous flame. 

Again dealing with the 15 to 16-candle 
series, it will be seen that there is 0.270 
candle of illumination per unit per cent. of 
hydrocarbons present in the gas; and as 
we advance above the 17-candle quality 
the percentage of hydrocarbons necessary 
to yield one candle of illumination in- 
creases with the increase in the flame lu- 
minosity of the gas. British thermal units 
are again given for this series of tests, and 
British thermal units per candle; the lat- 
ter column again showing a loss efficiency 
with the high-grade gas. 

In carrying out these and other investi- 
gations I was often mystified by gases of 
comparatively low illuminating and calor- 
ific power yielding as good and sometimes 
better results with the incandescent burner 
than other gases of higher luminous value. 
Flame temperature naturally suggested it- 
self as a solution of this problem, but did 
not satisfy me as being the only factor. 
I, therefore, again had recourse to our 
records, and prepared a statement which 
would show me the candle-power by incan- 
descent burners in relation to flame lumin- 
osity and the calorific value of different 
gases. 

From our books, therefore, we first ab- 
stracted the tests which yielded from 30 to 
32 candles per cubic foot of gas when burn- 
ed in the incandescent “‘C” burner. Against 
each of these results the candle-power as- 
certained by the argand burner is given in 
column No. 2, and the calorific power in 
column No. 3. In each case the incandes- 
cent burner was used to yield the highest 
efficiency, by a proper regulation of the gas 
and air supply. The candle-power of the 
gas was ascertained by a No. I metropoli- 
tan argand burner used to a 16 candle- 
power flame, and the calorific value of 
Junkers’ calorimeter. 

Incidentally, Table C also confirms what 
I have formerly stated as to the calorific 
power of the gas rising and falling with 
its luminous value, for it will be observed 
that the calorific power of the highest can- 
dle gas on the list is also the highest cal- 
orific power, and likewise that the .5-candle 
gas is the lowest calorific power. 
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‘TABLE GC; 


Statement Showing Candle Efficiency by 
Incandescent Burner in Relation to 
Flame Luminosity and Calorific Value. 


“C” Incandescent Burner. 
pecans 


Consumption Candle-Power 
Candles Per Hour. of Gas. 137A N oO 
per Foot. Cubic Feet. No. 1 Argand. Gross. 

30.36 ey: 16.50 625.2 
30 3.34 16.70 617.3 
30.80 3.16 17.45 640.3 
30.70 3.40 16.98 620.5 
31 3.30 17.78 616.1 
30.93 3.30 17.58 617.3 
21.71 227 19.92 663.8 
31.34 227 19.04 606.6 
30.59 237 20.32 667.7 
30.18 3.30 18.49 626.4 
30.57 3-34 19.43 643.1 
30.45 R133 19.82 663 

aoe jl 207, 18.08 OI7.7 
31.51 3.10 19.03 637.6 
30.37 2210 18.54 636.8 
30.62 3.06 18.63 609.4 
30.38 3.18 16.62 596.3 
30.57 217 18.40 627.9 
30.18 225 17.34 640.4 
30.52 AES: LOS Ge. 610.6 
30.38 3.40 15,57 572.8 
31.88 3.02 17.82 630.5 
31.20 3.06 £7530 631.2 
30.54 Rocke ee 16.41 618.9 
30.47 3-39 15.35 589.9 
30.47 3.40 15.60 572.8 
20:17 2.89 18.46 634.6 
30.47 3.18 17.91 629.8 
30.32 3.10 17.54 625.6 
31.93 2.31 GOS77 627.6 

Gas and air Consumption Gas burned to 


16 candle- 
power flame 
and corrected 
to 5 feet rate. 


regulated to ranged between 
yield highest 2.89 and 3.40 
result. cubic feet. 


This statement gives some remarkable 
results, and goes a long way to challenge 
the present-day belief that calorific power 
glone is to be the factor governing the 
supply of the future. Glancing at the 
statement a moment, we find that a 15.35- 
candle gas of 590 B.Th.U. yields the same 
iluminating power by the incandescent 
burner as a 20.32-candle gas of 668 B.Th.U. 
A further glance at the second column will 
also show that gases of 15, 16, 17, 18, I9 
and 20 candle-power luminous value all 
yielded practically the same degree of il- 
lumination per foot of gas when burned in 
an incandescent burner, using the same 
mantle with each test. Nothing could, I 
think, be more conclusive than this last 
statement as to the incorrectness of the 


“ policy of continuing to supply gas judged 


by its luminous flame value. 
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Review of the Technical Press 


AMERICAN ITEMS 


THe LigHTING or HALLS AND CorRIDORS OF 
Larce Pustic Buitpines, by J. R. Cra- 
vath and V. R. Lansingh. Electrical 
World, August 4, 1906. 


The general principles of this class of 
lighting are set forth by the writers as fol- 
lows: 

“The lighting of halls of large office 


buildings, hotels and public buildings is_ 


frequently one of the most difficult tasks 
met with in illumination work, for the rea- 
son that the artificial light must be used 
during the daytime when the halls are also 
partially lighted by daylight. The light 
from electric incandescent lamps, which 
must be used as a rule in such places, is 
likely to appear yellow and sickly by con- 
trast with white daylight. The object to 
be attained in the lighting of long halls 
and corridors is to produce a general cheer- 
ful well-lighted effect. Here is a case 
where the lighting of the ceilings and side 
walls as well as that of the floor is im- 
portant. Nevertheless, the color of the 
floor plays an important part in the gen- 
eral effect, and it is almost impossible to 
make a hall with a very dark floor appear 
well lighted. It is important to have the 
lights well distributed along the length of 
a long hall rather than to place large lamps 
or clusters at less frequent intervals. The 
reason for this is very simple. 
deliers or clusters at infrequent intervals, 
the spaces midway between clusters appear 
poorly lighted by contrast with those por- 
tions of the hall near the clusters. The 
result is that this alteration of light and 
dark places makes the hall appear gloomy 
and poorly lighted even though the total 
candle-power of lamps may be sufficient. 
To light a long corridor well, therefore, it 
may be laid down as a first principle that 
small lighting units at frequent intervals 
should be employed. 

“In the lighting of hotel corridors, off 
which there are sleeping rooms, the prob- 
lem is somewhat different from that in 
office and public buildings and corridors 
off the lobby of a hotel, because the upper 
part of the corridor must be kept dark to 
prevent light shining through the tran- 
soms and annoying guests who have re- 
tired for the night and wish an absolutely 
dark room.” 

A number of examples of hall and cor- 
ridor lighting are illustrated and criticised. 


With chan- - 


Tue ILLUMINATION OF A WorRKING OFFICE, 
by Es Re Roberts, Haka dilsbugrei ie 
Nernst Glower, July, 1906. 


The periodical appearing under the above 
title is published by the Nernst Lamp Co. 
as a trade bulletin. 

While it is unusual to review a purely 
commercial publication, we believe that the 
character of such publications may be such 
as fully entitle them to such consideration. 
When articles based upon sound scientific 
and technical knowledge are thus  pub- 
lished, the information contained is worthy 
of as much consideration as if it appeared 
in the “legitimate” technical journal. 

The Nernst Glower has recognized the 
importance of illuminating engineering, 
and each issue contains one or more ar- 
ticles written from the engineering stand- 
point. 

In the present, above mentioned, the fol- 
lowing principles are laid down: 

“In the lighting of working offices we 
would emphasize one point which is not 
usually .conceded. by the architect; -viz.: 
the unfitness of bracket lights for this par- 
ticular purpose. Their location usually 
makes them ineffective for either general 
or local illumination, and being directly in 
the line of vision, they are frequently more 
of a hindrance than otherwise in visual 
work. When local illumination is a neces- 
sity, a shaded incandescent lamp, mounted 
on the desk and to the left of the worker 
will prove more effective and economical. 

“In a general office of light finish and 
fair dimensions whose floor area is, for 
example, 40 by 60 feet, and where flat top 
tables and desks predominate, superior re- 
sults will be obtained with a system of 
general illumination entirely. Such a sys- 
tem would involve the use of medium sized 
units fitted. with diffusing globes and 
mounted directly on the ceiling of ordi- 
nary height; a sufficient number of units 
being used to break up all shadows. 

“In the small office, however, with roll 
top desks, placed back-to-wall around the 
sides of the room, the above treatment is 
not always applicable and individual desk 
lights will often be found necessary, un- 
less the desks can be placed in such a po- 
sition with respect to both the natural and 
artificial light sources, that the worker will 
never be handicapped by his own shadow. 
With desk lights properly located and 
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shielded, a moderate general illumination 
should also be provided. 

“While the draughting room is to be 
classed as an office, yet somewhat different 
treatment than that outlined above will be 
required. Theoretically, one might be led 
to believe that a system of general illumi- 
nation is the ideal for this purpose, yet 
actual experience indicates that, with a rea- 
sonable expenditure of energy, such a 
method is impracticable. 

“The draughtsman as he bends over his 
work, requires the light to shine in under 
him rather than down upon him, and will 
usually welcome a system of individual 
lights in preference to an overhead sys- 
tem. In this particular case we are more 
than usually justified in respecting the 
wishes of the laymen.” 

The question of whether to aim at a 
sufficient general illumination to give the 
necessary light for writing at every point 
in the room, or whether to provide only a 


very mild illumination, and a special work-. 


ing lamp for each person, does not seem 
to have been settled, either by practice or 
theory. Both methods are in use, and in 
-both cases those using the illumination 
seem to be equally satisfied. 





ILLUMINATION. By Seymour 


Light, August, 1906. 


INTERIOR 
Storrs. 


The article is devoted practically to ,de- 
scribing methods of using Inverted Incan- 
descent Gas burners, in place of Electric 
lights, or Inferior illumination, among 
which are the following suggestions: The 
Incandescent Gas, Car sighting, “Light,” 
August, 1906. 

A short descriptive and illustrated article 
showing the Dining Car, the light with the 
Pintsch Incandescent Gas Light. 

“In a room to be decorated and illumi- 
nated, the gas-piping may be so curved as 
to follow the design of fresco or painted 
decoration, or a combination of bent pipe 
and fittings may be used to conform to the 
decorator’s design. The sketch for this 
decoration having been drawn to scale, may 
be made of dual service, alike to the pipe- 
fitter and to the decorator-artisan. 

“For the ceiling lights we suggest small 
inverted incandescent gas-lights on straight 
drops from the feeder-pipe. That pipe con- 
forming in color as well as in shape to the 
ceiling decoration, and, as we have sug- 
gested, it should be made a part of it. The 
piping of the drops may be sheathed in a 
thin veneer tube of brass or of steel such 
as is made by the Shelby Steel Tube Co. 
This last material will take several styles 
of finish, and is inexpensive. 

“For the side-lighting of the room goose- 
neck connections from a horizontal (wall) 
feeder-pipe, with either inverted or vertical 
burners, presents a convenient form of con- 
struction, since the wall-pipe well secured 


provides a picture moulding to divide the 
lower wall paper or decoration from that 
brought down the walls from the ceiling, 
and as well supplies a means of hanging 
light pictures. 

“A neat manner of utilizing hemispheres 
with incandescent gas-lights is to use the 
lower half of a sphere supported on a ring, 
with three chains radiating from a rosette 
at the ceiling to the globe-supporting-ring. 
Place a small sized inverted incandescent 
gas-lamp in the hemisphere, attached to a 
pipe-drop from the ceiling. The lamp will 
be invisible from below if clear glass is not 
used, and the effect will be found most 
attractive. In all cases an appropriate se- 
lection of glassware should be made.” 





INTERIOR ILLUMINATION, by R. M. Searle. 


—Gas Logic, July, 1906. 


A short article from a practical man, and 
full of good “gas logic.” He says: 

“Often do we see the users of illuminants 
start out with clean appliances, and as they 
become clouded with dirt they have to 
double the unit of light in use and then 
condemn the gas company. If ordinary 
clear gas obstructs ten per cent. of light, 
and opal globes sixty to seventy per cent., 
imagine the loss to the consumer when 
chimneys or bulbs build up on their sur- 
faces successive laminations of opales- 
cence! This loss of light due to soiling 
of globes is very much more serious where 
ground glass globes or opal globes are 
used than with clear glass, for the deposit 
is so gradual and near the color of the 
globes themselves that it takes months be- 
fore they aré so soiled as to be easily de- 
tected. The use of globes with bottom 
openings of small diameter causes draughts 
in the globe and open flames flicker badly, 
causing eye weariness. 

“There is great necessity for displaying 
more wisdom in distribution of light in 
homes of people of moderate incomes. 
Why not place hall lights where they serve 
to illuminate the hall and at the same time 
throw rays into parlor or living room; 
why not place the kitchen light so most 
of it is thrown upon the sink, table and 
range? 

“Tmitation candle-burners with small, in- 
efficient tips are often found. It is my 
practice to substitute the best type of tip 
obtainable, and arrange them so their edge 
is in line with the center fixture. 

“Encouraging the use of portable read- 
ing lamps can be done regardless of deco- 
ration. Where connections are not handy, 
more side outlets should be put in. It is 
well to increase the number of side out- 
lets on all new work. Persons in a house- 
hold often prefer different rooms to read 
in, and if side lights are available they can 
be equipped with a suitable light to read 
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FOREIGN ITEMS 


PRINCIPLES APPLIED IN THE 
CONSTRUCTION AND USE 
OF THE ULBRICHT 
PHOTOMETER 


By Dr. M. CorseEprus. 


(From the Electrotechnische Zeitschift, 
May 17, 1906.) 


The advantages of the Ulbricht photome- 
ter are most evident when the diameter of 
the globe is made large. I kept this in 
mind when I supervised the construction 
of a photometer in 1904, and I shall state 
here its advantages and the results ob- 
tained. 

1. Construction. The diameter within 
its two meters; it was finished in plaster. 
The globe is divided vertically in two equal 
parts; one of these parts is fastened to the 
floor, the other is movable. Two small 
frames, made of sheet-iron and 31 cm. 
hign, carry the plaster parts. One of them, 
Figs. 1, 2 and 3, to the right, has legs that 
rest on the floor, the frame on the left 1s 
on wheels that run on tracks. Each half of 
the globe consists of an iron skeleton and 
its coating. The frame consists of a ring 
running meridianally, with cross connec- 
tions, covered with wire-work. It is coated 
with hair plaster, and upon this is a coat- 
ing of plaster of Paris. The first gives 
great solidity and durability, while by 
means of the latter a smooth outer surface 
is obtained, which is formed with a mould 
to obtain the true spherical shape. 

The movable half of the globe has two 
handles by which it may be easily be rolled 
aside. In the stationary part of the globe 
there is at the top a metal ring, which, as 
the wall of the globe is 4.6 cm. thick and 
as the ring in the present case is 20 cm. in 
diameter by II cm. high, it extends some- 
what into the space within. The window 
M;, at‘the right, Figs; 2 !ande3, -has-ardi- 
ameter of 20 cm., the screen S, placed on 
the zero point of the photometer scale, has 
an opening of 16 cm., but may be made 
smaller by means of adapters. The height 
of the center of the globe above the floor 
is 135 cm. The frames measure 140 x 100 
cm. The screen B is suspended from a 
wire attached to the globe. 

Besides the reasons given in this paper 
(“Etz,” 1905, page 512) in favor of the use 
of large dimensions, I should like to add 
still the one, that the work with and in- 
side the globe photometer, the suspension 
and the arranging of the lamps, the ex- 
amination of the shadow formations af- 
fected by the screen is much simplified if 
considerable space is available. At the 
same time it is to be emphasized that the 
vertical division of the globe is much bet- 
ter than a horizontal one would be. 


2. Terstinc. The photometer must be 
examined, approved, and sealed by the gov- 
ernment for the regular measurements. As 
standard light-sources two incandescent 
lamps are first used, the spherical intensity 
of which has been determined by : the 
Reichsanstalt (Government Testing labo- 
ratory). However, before the sealing is 
to take place, it must be ascertained 
whether the distribution of the light has 
any influence on the readings. 

Ulbricht has given a simple process for 





This 
by the use of a 
compensating screen chosen on Ulbricht’s 


this purpose (“Etz,” 1900, page 595). 
method was carried out 


suggestion. It may be composed of several 
opalescent or opal glass plates, and its ac- 
tion can also be regulated inasmuch as it 
can be brought near, or removed from, 
the source of the light. When Ulbricht’s 
rules for testing were exactly followed the 
results were fully satisfactory, when the 
position and the composition of this screen 
were properly regulated. Then the ex- 
periment was extended so that the axis 
about which the incandescent lamp, 
screened on one side, turned was horizon- 
tal instead of vertical, and in line with 
the photometer scale. The light was thus 
directed, because of the four positions of 
the lamp 90° apart, first upward, then 
downward, next towards the person in 
front of the globe, and lastly away from 
him. In this connection it gave large 
errors in the readings which had to be ac- 
counted for. 

For this reason an opaque shade was 
substituted for the compensating screen, 
the lamp was brought nearer the center of 
the globe and away from its walls; incan- 
descent lamps were used, some of which 
were obscured on one side, some by a mir- 
ror coating, and some by a white coating, 
but finally, and what is really the most im- 
portant, the shadow formations at the win- 
dow were most carefully examined. It was 
now found that there were no differences 
in the readings, if the shape of the shade 
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and its position were so adjusted that, with 
a point source of light (arc lamp) not only 
the window itself was shaded, but also a 
comparatively broad band around it. When 
incandescent ‘lamps are used, especially 
those with a wide illuminating area—as 
those with a mirror coating—the outer 
part of shade is gradually darkened, as it 
consists of many parts of shadows that 
overlap each other irregularly. The lower 
position of the source of light and the ar- 
rangement of the shade were retained in 
all the following measurements, and the 
shadow formations carefully observed, 





Ges 


which was comparatively easy on account 
of the vertical division of the globe. 

The final figures are: Distance of source 
of light L from the upper surface of the 
globe, 28.5 cm.; distance from the center 
of the shade, about 34 cm. The shade is 
placed obliquely and is oval shaped. 





FIG. <3: 


The intensity on the inner surface of the 
globe was examined next.  Sensitized 
paper was placed in different places inside 
of the globe, and then, while either the arc 
or incandescent lamp was in its regular po- 
sition, it was exposed. It must not be ex- 
pected that all papers will be affected alike, 
as the rule, which it is important to ob- 
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serve, is as follows: The surface of the 
globe receives in all places the intensity H 
by diffuse reflexion; but it also receives 
the direct light of the lamp Hd that differs 
in all places; hence the total effect is H + 
Hd. Hd depends on the light distribution 
given by the lamp and on its distance from 
the parts of the surface of the globe. 
Therefore all papers would receive the 
same amount of light only in case each of 
them were used with its own shade. The 
observations with a Nernst lamp, however, 
gave no considerable differences, only the 
paper on the very top near the lamp had 
become darker on account of the direct 
rays. i 


3. Use. The apparatus was legally test- 
ed without any objections by means of the 
above mentioned standard lamps, but it 
was understood that carbon filament, osmi- 
um, or tantalum lamps, i. e., those with 
vacuum bulbs only, should be measured. 
It must be noted that one was a 32 c. p. 
standard “lamp: for ito vs. with spiral 
shaped filament, and the other one had a 
Ur shaped ‘filament and 16 ¢. p- at 50 ‘v. 
Hence the intensity and the distribution is 
different in each case. The legal test was 
made immediately after the arrival of the 


‘lamps, and the intensity of other incandes- 


cent lamps, particularly of one of 32 c. p. 
that had been burning for too hours, was 
ascertained according to it; these lamps, 
or those that were again tested after them, 
were to serve as secondary standards, in 
order that the main standards might be 
spared a frequent use, so that they might 
not. undergo considerable changes. The 
photometer screen is constructed as direct- 
ed by Lumner-Brodhun, and carries a tele- 
scope that is placed vertically to the pho- 
tometer scale. As shown in Fig. 5 it has a 
shade to protect the window from the rays 
of the secondary standards. As a _ sec- 
ondary standard a 16 c. p. lamp was gen- 
erally used, with one of.32 c. p. in circuit 
in front of it. Not only were these same 
lamps always used, but the direction in 
which their light was allowed to radiate 
was also exactly noted and remained fixed. 
Lately an osmium lamp of 4c. p. at 5 v. 
has been substituted for the 16 c. p. lamp. 


The whole length of the photometer 
scale is 3 m., but only 2 m. of it were used. 
The measurements have been chosen such 
that the movable photometer serum is to 
be placed generally not far from the cen- 
ter of the portion of the scale used. The 
coloring of the light that radiates from 
the 16 c. p. standard lamp is reddish. This 
fact was no obstacle at all, not even in 
the case of arc lamp mesurements, hence 
gives no occasion for objections, because 
the human eye with its remarkable sensi- 
tiveness to light, always serves as the me- 
dium by means of which the adjustments 
are made. Even if there is, because of dif- 
ferent colorings, no balance in any position, 
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the right point may be easily found by the 
inversion of the two beams of light on the 
photometer screen. When an osmium lamp 
is used as a standard the differences in the 
color are considerably smaller. 

4. Irrecuuarities. If not only incan- 
descent lamps with vacuum bulbs, but also 
Nernst and arc lamps are to be measured, 
we have then a case as described by UIl- 
bricht in “Etz,” 1905, page 513, where the 
surface of the body within the globe differs 
each time. : 

I met these complications and prevented 
the test values from differing by using the 
lamps with the ring (or cylinder) above 
mentioned. It represents a body that al- 
ways remains the same, and though its sur- 
face is not large it is sufficient to compen- 
sate for the casings of arc lamps. Hence 
differences remain only in so far as the 
surface of this lamp holder differs from 
that of the guide-rods, carbons, and reflec- 
tors of arc lamps, and from the surface of 
the casings of Nernst lamps, as regards 
size and reflective power. 

Ulbricht’s observations (“Etz,” 1905, 
page 513, show a way to find the discrep- 
ancies in the measurements from the true 
value, when the same constant value is 
used for the calculations. The process of 
testing each lamp is not difficult, but it re- 
duces the greatest advantage of the pho- 
tometer, that is, obtaining results quickly. 
The determination of the constant value is 
done much better by adjustments and ob- 
servations under the same conditions, than 
to ascertain the small percentage differ- 
ences of the same in different lamps; hence 
the first case iS more accurate. 

The proportion of the illumination with- 
out the introduction of foreign bodies to 
that with foreign bodies is, according to 
Ulbricht, 
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The constant value changes according to 
the dimensions of the same, as for in- 
stance 0 (= surface) = 1,265, by 54.8 per 
cent. This is a considerable amount. But 
in my photometer the diameter of the globe 
is not 50 but 200 cm., or four times as large 
as in the above observations. Besides, the 
surface of an arc lamp of Siemens and 
Halske, for instance, that is similar to the 
one investigated, extends within 670 ccm., 
including guide-rods, carbons, economizer, 
and reflector. The percentage is then, if 
we assume the same conditions for absorp- 
tion, to be changed in proportion to above 
quotation, thus: 


Cromeess: 








(2) “ : £4,8 = 1,82% 
1265 100? 

This quantity is still to be increased by 
a certain amount that is found from the 
following: The inserted cylinder was, for 
measurements for incandescent lamps, cov- 
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ered with a piece of asbestos, that had a 
round opening of 9 cm. diameter in the 
center. For arc lamp measurements no 
such diaphragms were used. The constant 
value K increases therefore through the 
black spot in proportion: 

I horvare lamps 


I—a O 








(3) tke pel 
a UNG aang 
or, when a = 0.16 
0,84 314 
:I + — . — 
0,16 4. 100*.7 
or enlargement by 1.3 per cent. 
2. For incandescent lamps, 
Nernst lamps 
0,84 63,7 
71+ —. ——_ =I 
O, 16 4.100°7 


or increase by 0.27 per cent. 

The difference in both cases is therefore 
I per cent. 

According to this the light intensity Js 
calculated from constants found for incan- 
descent lamps in the above case is to be 
increased on the whole by 1.82 + 1 = 28 
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percent ; 
An are lamp from Koerting and Mat- 
thiesen gave 0 = 531 cm.; compared with 


Ulbricht’s measurements of an arc lamp 
without reflecting plate with o = 750 and 
41.2 per cent. increase there is in the same 
way, as just deduced, an increase of 2.8 
per cent. on the whole. 

In the case of an alternating current arc 
lamp from Siemens and Halske 0 was =: 
613, the corrections therefore, 2.7 per cent. 

Given for the Nernst lamps for the part 
extending within of polished brass and 
white porcelain 0 = 331 ccm., a1 = 0.4, the 
increase is then I.I per cent. 

To verify the values found by calcula- 
tions the following test was made: An in- 
candescent lamp with shade consisting of 
a cap made of drawing paper, as Ulbricht 
directed in “Etz,’ 1905, page 514, was 
placed in the lower part of the globe. Then 
reading was made with the photometer, 
first when, besides the above lamp, there 
was on the upper part of the globe an un- 
connected incandescent lamp; and second, 
when on top in the diaphragm there was 
the continuous current lamp of Siemens 
and Halske. The readings in the first case 
were Js = 23.6, in the second case Js = 
22.7. The proportion of the two is 

23.6 

—- = 1.04, 

22. 
hence the difference, 4 per cent. The cal- 
culations gave 2.8 per cent., the agreement, 
therefore, is sufficient. 

The last considerations show us that, in 
the present photometer, the influence from 
dissimilar seize and form of the parts that 
extend within, is small. Besides, correc- 
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tions according to the above amounts could 
be made on the observed values, without 
the possibility of large errors, even when, 
as in the Nernst lamp, only a: is assumed. 
In this case it is only I per cent. that may 
be neglected also. These corrections are 
to be made use of by the values given 
below. 


5. Tue Licgut Distrisution. The value 
which it is important to know in regard 
to any source of light is undoubtedly in 
the first place the spherical candle-power. 
It gives the correct measure for economy, 
because by means of it we know what light 
we receive for the money; the light in- 
tensity in one direction is almost without 
value for judging this, and the hemispheric 
intensity also gives very objectionable 
measurements. It would, therefore, in my 
opinion, be regrettable, if for arc lamps in 
the future the spherical intensity were not 
accepted as a standard, no matter how 
tempting the higher figures may be to 
many. 

It is simple to put a light to good use 
in one or in all directions, but it is natu- 
rally important to know whether we need 
for the required effect more or less special 
apparatus to aid us. A knowledge of the 
position of the maximum intensity and of 
the manner of the light distribution is 
therefore desirable. 


The described photometer may serve in 
the following way to answer these ques- 
tions in a simple manner. I bring the 
source of light in the center of the globe 
and move the two halves towards each 
other so that a space, only a few mm. wide, 
remains. Through this the light radiates 
in. The globe is graded on the outside, 
and there its natural distributor, a rubber 
band, serves to cover the gap. Under- 
neath the same we place in several places 
about 10° apart, a piece of sensitized paper 
and then connect the lamp. In the case of 
arc lamps the paper has been sufficiently 
exposed after about an hour, when it is 
removed and fixed. An illumination by 
diffuse light is not to be feared on account 
of the thickness of the wall of the globe, 
but we can do away with it entirely if 
we suspend a blackened tin, A, behind the 
source of light. The possible objection 
that probably the ultra violet light might 
have a different distribution than the vis- 
ible light, may be met by having it ab- 
sorbed by glass plates, C, etc., placed in 
front of it. Experiments that have been 
made in this respect, however, did not give 
_any notable difference. © 

Of special advantage in this process, 
aside from its simplicity, is the fact that 
the photograms are the results of long 
exposure, and thus give a mean of the 
light distribution, insead of depending on 
an accidental momentary adjustment of 
the arc. By repeating the photographing 
the differences are increased. 


‘mal. tension. 
-cent lamps are much more profitable. In 


6. RESULTS OF THE OssERVATION. A few 
values in numbers are given that show the 
results obtained with the photometer, the 
corrections to be made, and the differences 
of the lamps, and that serve at the same 
time as a contribution to the question of 
economy of the latest lamp types (see 
Table I.). The results show that continu- 
ous current arc lamps are much superior 
to alternating current arc lamps; that the 
alternating current arc lamp that is nor- 
mally arranged for 10 amperes gives, as 
soon as it is overtaxed, a much better 
economy. Though it might have been 
noted by many that alternating current arc 
lamps become rather useful with very 
great current strength (from 25-35 amp.) 
and that better light is obtained with the 
thinner than with the normal carbons, still 
the fact that in general the latest incan- 
descent lamps are preferable to the alter- 
nating arc lamp, is worth noting. Ordi- 
nary incandescent lamps appear each to 
have a different effect, rather unfavorable, 
as all the lamps had burnt only a short 
time, 100 hours at the most, under a nor- 
All later kinds of incandes- 


the case of tantalum lamps, the increaseu 
economy may be noticed after a few hours. 
Attention is called to the Nernst lamps, 
that gave good results under the less fa- 
vorable tension of only 110 v., though 
some of them had been burning for a long 
time. Comparing a mixed illumination otf 
old and new Nernst lamps with osmium 
and tantalum lamps, it is, of course, neces- 
sary to use somewhat higher figures for 
watts consumed for the last mentioned two 
sorts than the value indicated in the table 
for the new lamps. The difference in 
price of the substituted lamps is also to 
be considered, especially if the current, as 
in case of isolated plants, is cheap. 


SYNOPSIS. 


1. A large diameter and a vertical di- 
vision of the globe photometer are much 
more advantageous than all other con- 
structions. 

2. The photometer may be conveniently 
used to readily ascertain the light distri- 
bution according to the procedure as I 
have given it. 

3. It is important to measure the shadow 
formations accurately. 

4. In the case of large measurements it 
is safe to assume for all kinds of lamps 
the same constant value, and, if necessary, 
make small corrections on the result. 

5. The observations made with the de- 
scribed photometer give already some ex- 
planation of the peculiarities of the dif- 
ferent sorts of lamps. 

6. The globe photometer is built on an 
exact basis, and if used as directed, it is 
an instrument that is very suitable for 
the practical application, and requires but 
little attention from the observer. 
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SOME CAUSES OF ERROR IN 
PHOTOMETRY 


By Lancetot W. WILD. 


Electrician (London), July 20, 1906. 


Few photometrists properly appreciate 
the importance in photometry of the elim- 
ination of angularity errors. Such errors 
are in many forms of photometer very 
much greater than is generally ‘supposed, 
and are not by any means entirely overcome 
by making a double balance and the em- 
ployment of a comparison lamp. 

In general the art of photometry may 
be said to consist in judging the illumina- 
tion of two contiguous surfaces, each being 
lighted from a separate source. A perfect 
screen may be defined as one which ap- 
-pears equally illuminated at no matter what 
angle it is viewed, the illumination being 
also exactly proportional to the cosine of 
the angle from the perpendicular at which 
the light rays strike its surface. It is 
hardly necessary, however, to say that such 
perfect screens do not exist outside the 
domain of mathematics. 

Variation of Illumination with Angle of 
View—That the apparent illumination of 
a screen varies slightly with the angle of 
view is no doubt well known. That this 
variation depends greatly upon the nature 
of the surface is also well known. As to 
the effect upon photometer screens, how- 
ever, there is little information available. 
The following test, carried out on a Bun- 
sen disc, will, however, serve to illustrate 
the magnitude of the errors that are likely 
to occur. 

A Bunsen disc was set up between twy 
incandescent lamps. The disc was then 
viewed at various angles and one of the 
lights shifted till balance of illumination 
was obtained. The apparent candle-power 
of the moving lamp at the various angles 
of view was found to be as follows: 


Angle of View. Candle-power. 


20 degrees from perpendicular... 9.0 
6“ a4 6s 

He a 5 : ag oo 

50 bé (<9 be rita 9.9 

60 66 ce 6c 10.0 

70 6c £6 ce er 9.5 


It would appear from these tests that, 
in the case of this particular screen the 
best angle of view is at about 50 to 60 deg. 
For every accurate work it is advisable to 
fix the angle of view fairly accurately. This 
can be done in two ways, first by using a 
couple of plumb lines in the center of the 
field of view, or better still, by viewing the 
disc through a longish tube. 

Errors Due to Side-play of Carriage.— 
There are several forms of photometer 
screen in general use in which the two sur- 
faces to be illuminated are inclined in op- 
posite directions, the light rays from the 
lamps falling upon them at a considerable 
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angle from the perpendicular. The follow- 
ing are well-known examples: The Ritchie 
wedge, the Trotter screen, the Whitman 
flicker screen, and the Simmance-Abady 
flicker photometer. In the first three of 
these the rays commonly strike the surfaces 
at an angle of 60 deg. from the perpendicu- 





Cc 
Rig? te 


lar, the surfaces being inclined horizontally. 
In the Simmance-Abady photometer the 
light strikes at an angle of 50 or 55 deg. 
from the perpendicular, and the surfaces 
are inclined vertically. 

Fig. 1 shows diagrammatically a Ritchie 
wedge. The lights are at A and B, and 
the eye of the observer at C. The wedge 


- is generally mounted upon a carriage which 


can be moved along some form of bar or 
rails. As the motion of the carriage must 
be easy, it is impossible entirely. to pre- 
vent horizontal side-play occurring between 
the carriage and bar. Now, suppose that 
the carriage is displaced slightly and is 
turned through a horizontal angle of, say, 
1 deg. The illumination of one surface 
will be increased and the other reduced. 
The amount of change taking placé on 
each surface will be proportional to the 
difference between the cosines of the angles 
at which the rays strike the surfaces. If, 
under normal conditions, the rays strike the 
surfaces at 60 deg. from the perpendicular, 
then a deflection of the carriage of 1 deg. 


‘will increase the illumination of one sur- 


face by 3 per cent. and reduce that of the 
other by 3 per cent., making a total error 
of 6 per cent. There are very few photo- 
meters in use in which the carriage can- . 
not be deflected through this small angle 
of 1 deg., so the errors involved are per- 
haps more often greater than less than 6 
per. cent: 

In the case of the Simmance-Abady pho- 
tometer, the two surfaces being inclined 
vertically instead of horizontally, there is 
no error due to side-play between carriage 
and bar. There will be, however, a con- 
siderable error if the wheels of the carriage 
are not quite true or if the bar is not dead 
straight. In the tilting form of Simmance- 
Abady photometer there is a considerable 
error brought in if the photometer is tilted . 
slightly by inadvertence whilst re-winding 
the clockwork motor. The tilting scale can- 
not be easily read closer than to 1 deg., 
and this displacement will produce an error 
in the measurement of 5 per cent. This 
would be 6 per cent. if the rays were ‘o 
strike the surfaces at 60 deg. from the per- 
pendicular, as in other forms of photo- 
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meter, instead of striking at about 50 or 
55 deg. 

When the two surfaces of the screen are 
parallel and perpendicular to the light rays, 
as in the Bunsen, Joly and Lummer-Brod- 
hun photometers, side-play between the 
carriage and bar involves no measurable 
error, as the two surfaces to be viewed are 
at all times parallel, and any tilting of 
the carriage reduces the illumination ot 
both surfaces to the same degree. 

Errors Due to Incorrect Alignment of 
Lights—Again taking the Ritchie wedge as 
an example, supposing that one of the 
lights is displaced horizontally and at right 
angles to the photometric axis by % in, 
the distance from light to screen being, 
say, 30 in. This will cause the light rays 
to impinge upon the screen at an angle 
of 59 or 61 deg. instead of 60 deg., and will 
produce an error of 3 per cent. in the 
measurement of candle-power. If both 
‘lights are out of alignment by this amount, 
the total error involved may amount to 0 
per cent. With a Simmance-Abady photo- 
meter horizontal displacement is of no mo- 
ment, but vertical displacement is of great 
consequence. A displacement vertically ot 
YZ in. in 30 in: in the case of, the Sim- 
mance-Abady flicker photometer will pro- 
duce an error of about 2% per cent., and 
if both lights are out of alignment as much 
as:5, percent, 

A displacement of ™% in. either vertically 
or horizontally is by no means abnormal, 
when ordinary incandescent lamps with 
irregular filaments are dealt with. Even if 
arrangements are made for moving the 
lamps in all directions with a view to 
bringing them into exact alignment it is 
very difficult to judge sufficiently exactly 
the true photometric center of the filament. 

With a photometer screen so arranged 
that the rays shall fall perpendicularly up- 
on the surfaces to be viewed, the error 
due to a want of alignment is quite negli- 
gible, a displacement of one light by % in. 
in 30 in. producing an error of only 0.02 
per cent., this being the difference between 
cosine 0° and cosine I°. ; 

There are to the writer’s knowledge but 
two forms of flicker photometer on the 
market—namely, the Simmance-Abady pho- 
tometer made by Messrs. Alexander 
Wright & Co., and the Whitman flicker 
photometer made by Messrs. Everett & 
Edgcumbe. On account of their angularity 
errors neither of these photometers are 
sufficiently accurate for laboratory work of 
the highest class, and the writer would very 
much prefer to work with a simple Bunsen 
disc, even when the color difference be- 
tween the two lights is as great as between 
a Welsbach burner and a flame arc lamp. 
As, however, the use of some form of 
flicker photometer is advisable where the 


color difference is appreciable, the writer - 
some time ago started to investigate the 
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question of angularity errors, and arrived 
at the following general principles as being 
desirable in any form of photometry: 

General Principles for the Avoidance of 
Angularity Error—The two surfaces to be 
viewed must be absolutely parallel, so that 
side play between carriage and bar may 
affect the illumination of both surfaces in 
the same direction and to the same degree. 

Both surfaces must be normally perpen- 
dicular to the light rays falling upon them, 
so that should either light be out of true 
alignment the effect upon the illumination 
shall be negligible. 

The surfaces must be viewed through a 
tube, so that the angle of view cannot 
become changed to any appreciable extent. 
A telescope answers the purpose very well. 

Bearing these general principles in mind, 





Fig. 2. 


the writer found that it was not a very 
difficult matter to produce a flicker photo- 
meter that was quite free from angularity 
errors. 

Description of Flicker Photometer free 
from Angular Errors.—The form of flicker 
photometer which the writer can confident- 
ly recommend for work of the very highest 
class consists of a special form of Bunsen 
disc revolved by an electric motor and 
viewed by the agency of a mirror and tel- 
escope. Fig. 2 shows the disc, which is 
cut out of ordinary white blotting paper 
and has about half of its surface treated 
with white paraffin wax, so that half the 
disc is opaque and reflecting and the other 
half translucent and diffusing. The disc 
is revolved on its center by means of a 
small 2 volt motor. A small portion of the 
upper part of the disc is viewed through a 
mirror and telescope. The arrangement of 
mirror and telescope is shown in Fig. 3. 
The object of using a telescope instead of 
a simple lens is that if no diaphragm is 
used the eye finds it very difficult to keep 
in focus on the disc, which, when revolving, 
shows no detail. As arranged, an image of 
a portion of the revolving disc is formed, 
in the air so to speak, inside the diaphragm. 
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The eye-space is adjusted till the dia- 
phragm appears in focus and thus the eye 
is automatically focused upon the revolv- 
ing disc. Keeping the disc in absolute fo- 
cus increases the sensitiveness of the photo- 
meter and at the same time very greatly 
reduces the fatigue to the eye. 

A couple of these photometers have been 
in general use at the Westminster Electrical 
Testing Laboratory for the past three 
months and have given entire satisfaction. 
Their sensitiveness on lights of the same 
color is at least as good and probably bet- 
ter than that of any other of the usual 
forms of photometer. On lights differing 
as to color the sensitiveness of course falls 
off slightly on account of the high speed of 
rotation required to eliminate color flicker. 
The photometers have been tried tilted as 
much as Io per cent. out of truth and with 
one or both lights as much as 6 in. out of 
alignment, and, within the limits of experi- 
mental error (about ™% per cent.), no an- 
gularity error has been found. 

The writer will be pleased to show these 
photometers to anyone interested in accu- 
rate photometry. 


SOME CAUSES OF ERROR IN 
PHOTOMETRY 


To the Editor of The Electrician. 

Sir :——Mr. L. W.. Wild’s article on p..529 
usefully calls attention to certain errors 
which may arise through neglect of an- 
gular adjustments, but he illustrates his 
subject by reference to ill-designed and ill- 
made “apparatus, and. he alludes te =the 
“Trotter screen.” I would not have com- 
plained had he not used this again, in his 
letter to you on p. 589, as a shocking ex- 
ample. If Mr. Wild has found an instru- 
ment with a side shake amounting to f 
deg., and with screens on which the light 
is incident at an angle of 60 deg., I must 
beg him not to call it a “Trotter screen.” 
I have designed several kinds of photome- 
ters for different purposes, and the particu- 
lar pattern which Mr. Wild probably had 
in his mind was briefly described in. the 
Proceedings of the Physicial Society of 
London, Vol. XII., December, 1893, pp. 
345-360, and in Phil. Mag., July, 1893. That 
paper described two kinds of screens, one 
with two lozenge-shaped holes, one over 
the other, and one with a long grid, spe- 
cially intended for work with rapidly fluc- 
tuating lights.” The screens were held in 
a frame capable of rotation round a ver- 
tical axis through a small angle, for the 
purpose of producing small and rapid vari- 
ations.” The simple form was more fully 
described in the Journal Inst. Elec. Eng., 
Vol. XXXII, pp. 188-189. There is so 
little new in the principle of this that I 
have never claimed it as the “Trotter pho- 
tometer.” 
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In a paper read on the same day (June 
9, 1893), Prof. S. P. Thompson referred to 
the use of two opaque screens by Sir John 
Conroy in 1883. Those screens were in- 
clined at about 60 deg. to one another— 
that is, an angle of incidence of 30 deg. 
-He-found,- asst did, wrote. bro. sa. 
Thompson, “that 90 deg. is too large a di- 
hedral angle for exact work.” The Thomp- 
son-Starling photometer described in that 
paper has two surfaces meeting at an angle 
of about 70 deg. 

I made some experiments on this point 
in 1895, but the records have been mus- 
laid, and I have never had an opportunity 





5 6 70 8s 8 


to go on with the work. On October 31, 
1895, I wrote to Messrs. Nalder Bros., who 
were making what they called the Trotter 
bar photometer (as distinguished from the 
illumination photometer): “I enclose a few 
curves forming part of a research on which 
I have done but little as yet. The angles 
refer to the position of the back screen of 
a photometer, the front one remaining 
fixed. The vertical scale is read directly 
off the photometer bar. The two lights 
were equal, and when the photometer reads 
10, the angles being the same, the balance 
is the same, and the reflecting powers of 
the screens are the same. If the screens are 
not made of the same material, or if the 
angles are not the same, and the photome- 
ter records, say, 5, the brilliance of one 
screen is therefore half the brilliance of 
the other. I only trouble you with this in 
order to show that 35 deg. (or as marked 
here 25 deg.) is on the flat of most of the 
curves. This means that a trifling error 
in the angles. of the screens will not affect 
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the truth of the photometer, and, what is 
more important, a deviation of the position 
of the light from the true axis does not 
matter.” 

I cannot remember why I called atten- 
tion to 25 deg., but the general results show 
that if anyone is so foolish as to use an 
angle of incidence of 60 deg. he would ve 
liable to such an error as Mr. Wild dis- 
cusses, and that with an angle between 
30 deg. and 4o deg. such an error may be 
eliminated. “The curves are traced from 
the rather blotted copy in my letter book, 
and I regret that I cannot indicate the 
observed points on them. 

YOUrs, — €tc:, 
A> PR.) PROPER: 

WHITEHALL, S. W., July 31. 





To the Editor of The Electrician. 

Sir:—I have read Mr. Wild’s letter of 
the 27th ult. in reply to mine in the same 
issue. I cannot, however, agree with him 
that it is impossible to avoid errors of the 
magnitude of 3 per cent. due to want of 
alignment of lights. In the first place, if 
he will refer again to my letter, he will 
observe that the one case mentioned by me 
—viz., that of the street-lighting photome- 
ter—will not be affected in this manner, 
since the distance between the lamp tested 
and the photometer head is very much 
greater; and in the other case, of the cen- 
tral-station photometer (and, by the way, 
the photometer head under discussion was 
the “Flicker” and not the “Trotter’), the 
error due to the special case of accidental 
bending of filament can, with similar lamps 
—i. e., lamps of the same make and shape 
of filament, be compensated for very large- 
ly by viewing in the vertical plane. This 
exceptional case, I think, is a little far- 
fetched, although in the exact circum- 
stances that he mentions it is sound 
enough, since in the case of important 
work, where such errors as 3 per cent. are 
of moment, such defective lamps would be 
discarded. The method of viewing in the 
vertical plane is, of course, subject to align- 
ment errors of the same order where the 
lamps are of different heights; but, in any 
case, it is fair to assume that in such work 
some care is take nto ensure that the C.G. 
of the filament is in the correct position. 
When it comes to heterochromatic pho- 
tometry, the color errors, due to the use 
of the “Trotter” screen, will quite swamp 
the alignment errors, and therefore the 
latter are of small importance. 

At the same time, I should like again to 
say that articles discussing the possibili- 
ties of such errors are extremely valuable 
and are much appreciated by manufactur- 
ers. 

Yours, etc., 
G. J. LemMMENs. 

WESTMINSTER, S. W., August I. 
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STANDARDIZATION OF ARC 
LAMPS 


Report of the Photometric Commission of 
the Association of Electrical Manufac- 
turers and the Society of German 
Electrical Engineers. 


The Committee on Photometry of the 
Association of Electrical Manufacturers, 
and of the Society of German Electrical 
Engineers, have adopted the following 
“Standards for Arc Lamps” and “Rules for 
the Photometry of Arc Lamps,’ which are 
to be authorized at the annual convention 
in Stuttgart. The commissioners also de- 
cided to give the necessary explanations 
and particulars. The members of the com- 
mittee are as follows: Messrs. Blutgen, 


_ Kallman, Marxen, Norden, Overman, Pas- 


savant, Remané, Teichmuller, Thomas, Ul- 
bricht, Uppenborn, Utzinger, Wedding, 
Wissman, and Zeidler. 


STANDARDS FOR Arc LAmps. 


The efficiency of an arc lamp is to be 
calculated with regard to the most impor- 
tant area of distribution, namely, the di- 
rect illumination of the space that lies be- 
low an imaginary horizontal plane drawn 
through the source of the light... For a 
standard, therefore, the mean lower hemi- 
spherical candle-power (abbreviated, J T) 
measured in HK (Hefner candles), is to 
be used. When this intensity is given in 
Hefner candles the index “U0” is to be 
added to HK thus: HK © (hemispherical 
Hefner candles)’. 

This statement is to apply to arc lamps 
as regularly used, without reflector; and 
where globes are used (in case of enclosed 
arcs, both inner and outer globes), they 
are to be of transparent glass of the same 
dimensions. 

Statements of the influence of diffusing 
globes, reflectors, etc., are to be made with 
regard to the intensity as defined above. 

Statements of intensities in alternating 
current arc lamps are, if not otherwise 
stated, to refer to a sine curve form of 
potential, and a frequency of 50 cycles. 

The practical efficiency of an arc lamp 
in series is the total consumption of the 
circuit, measured where it branches from 
the mains, divided by the number of the 
lamps in the circuit. In stating this effi- 
ciency the potential of the mains is to be 
given. 

The specific practical efficiency of an 
arc lamp is the efficiency thus found, divid- 
ed by the light intensity ©. To give this 
quantity the following expression should be 
ised: = W/HK © Vat«w-voltagce atthe 
mains.” (= Watts per hemispherical Hef- 
ner candle. ) 

In every case of an alternating current 
lamp it must be stated whether it has a 
rheostat or an impedance coil. 

The value of “HK U/W at n main volt- 
age” is the practical light efficiency. 
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RULES FOR THE PHOTOMETRY OF Arc LAmMps. 
(To be tried for one year.) 


Before the photometric measurements are 
made the arc lamps are to be provided with 
carbons of prescribed diameter and make, 
and of a length such that it will last about 
half the life of the lamp; and it is to be put 
in regular operation for an hour. Then, 
without disturbing it by the taking off of 
the globe or in any other way, the measure- 
ments are to be taken. 2 

J DU is ascertained either by making 
use of the mean polar curve, or with the 
aid of an integrating photometer (Ulbricht 
Globe). The separate polar curves are to 
be plotted in such a manner that the values 
in the measuring plane are carried out 
simultaneously on both sides of the lamp 
for the same angle. The measurements in 
this plane must not be more than 10° apart. 
The measuring plane in the case where the 
carbons are one above the other is the 
plane passing through the axes of the car- 
bons. In the case of lamps with the car- 
bons side by side two measuring planes 
must be taken, one of which coincides with 
the plane of the carbons, the other perpen- 
dicular to it. 

The Ulbricht Globe must have a diame- 
ter-of at leastats m1 


EXPLANATIONS AND PARTICULARS. 


(1) There could be no doubt from the 
beginning that the fixing of a certain inten- 
sity of light as a standard measure for arc 
lamps could only serve as a rough commer- 
cial rating. The illuminating engineer who 
makes plans for the illumination of a 
street, square, or room, has to take the 
exact light distribution (polar curve) into 
account; a single maximum or average 
value is of no use to him. It must be re- 
peated that there is no direct way, either 
in theory or in practice, to find the average 
illumination on a street surface or in a 
room from the average intensity of a lamp, 
but this can be obtained only by finding the 
average value from the separate values 
that have been found from the polar curve 
of the-lamp for the illumination in different 
places. For the comparison of. different 
types of arc lamps, or of different sources 
of light, as arc light with gaslight, etc., the 
average value of light intensities is also 
entirely unsuitable; at least such general 
comparison, without the consideration of 
its purpose, it without practical value, as 
the true value of a source of light may 
be very different with different kinds of 
illuminations; and it often happens that a 
source of light, A, may be better in one 
case than another one, B, and yet for an- 
other illuminating purpose it might not be 
as good. Hence the comparisons of differ- 
ent arc lamps and other light sources can 
only be made in case of concrete examples 
of illumination, and always have to fall back 
on the curves of distribution, while nothing 


can be done with the average values of 
light intensities. 

It is best in the very beginning to aban- 
don the idea that the light intensity ad- 
justed to a standard can be available for 
all cases for judging the illuminating effi- 
ciency of a lamp, and to be satisfied if the 
standard is sufficient to roughly character- 
ize the lamp in the majority of actual cases. 

Considering the purpose of all standards, 
it is also plain that this case reduces itself 
to a practical valuation of arc lamps, and 
therefore the applications from which the 
standard is made are to come from prac- 
tical illumination. 

Now, it is true that, in most problems of 
practical illumination only that flux of 
light is useful which falls in the lower 
half of a sphere described about the source 
of the light. In this class belong all cases 
of direct ground illumination, such as 
street, track, square, and similar illumina- 
tions; also in illuminations of large halls 
where there is very little reflection from 
above; and the illumination of closed 
rooms, as far as it is effected by the direct 
light of arc lamps, depends mostly upon 
the quantity of the light radiated into the 
lower hemisphere, the light sent into the 
upper hemisphere that is partly used 
through reflection, being of little impor- 
tance, as it can add but little to the in- 
tensity. 

The same result is obtained on consider- 
ing the conditions of the radiation of the 
light of arc lamps themselves. All known 
types of lamps radiate their light almost 
entirely in the lower hemisphere, whue 
the part sent in the upper hemisphere is 
so small that it does not enter into the 
account for practical illumination. Alter- 
nating current arc lamps, that theoretically 
throw as much light up as down, are in 
practice used only with reflectors that re- 
flect the upward rays so well that but little 
of the curve of distribution in such cases 
is above the horizontal line. Enclosed arc 
lamps are used in practice with two, or at 
least with one frosted globe, that throw 
the rays into the lower hemisphere. 

The only case in which the above is not 
true is in indirect illumination. 

The question whether it is possible at all 
to apply the standard to arc lamps for in- 
direct illumination has been taken into con- 
sideration, and finally answered in the nega- 
itve. If it is difficult to find a standard 
value for the direct light of the arc lamp 
that is applicable to the illumination, it is 
quite impossible in the case of indirect il- 
lumination. ‘lhe color and form of the 
ceilings and walls, the material and shape 
of the reflectors of such indirect lamps, 
through which the light sometimes passes, 
are all of enormous influence on the ef- 
ficiency of an arc lamp for indirect illumi- 
nation, and in most cases do not permit of 
exact measurements, and certainly not of 
standardizing. These great difficulties, to- 
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gether with the consideration that indirect 
illumination in practice, to which the 
standard is to be applied, is little used 
when compared with direct illumination, 
have led to the conclusion that, for the 
practical valuation of the light-efficiency, 
only direct illumination is to be considered. 

In accordance with the above the mem- 
bers of the commission have unanimously 
voted to adopt the mean lower hemispher- 
ical intensity as a fundamental standard. 

It was also suggested to adopt as a 
standard, besides the above, the mean 
spherical intensity. This was not accepted 
because of the misunderstanding and un- 
certainty in giving light guarantees, which 
are to be avoided in future by giving ab- 
solutely specified values. 

If the intensity of lamps were given in 
two different standard values, there would 
also be two different values for the specific 
efficiency and for the total flux of the 
lamp; in short, there would be no end of 
confusion. Besides, the flux of light up- 
ward by the ordinary arc lamps is so small 
that practically there is no difference be- 
tween the spherical and hemispherical in- 
tensity; so that there would be nothing 
gained by a further rating of the lamp. 

For this reason .the commission has 
adopted the mean lower hemispherical in- 
tensity only. 

(2) The sign “©” (representing the 
lower half of a sphere) is needed for state- 
ments that refer to the standard in order 
to have them marked for use in literature. 
HK does not mean a special sort of Hefner 
candle, but a value that is obtained by a 
certain process laid down for measuring it. 
The association cannot make any rules as 
to the making of statements with reference 
to the standard for business or literature, 
because such agreement depends, after all, 
on the good will of the author or maru- 
facturer. ‘The index “0” gives a precise 
meaning, and though nobody is forced to 
use it, the idea of a standard is not given 
if it is not added. | 

(3) Considering that above all the stand- 
ard is meant for use, the first thing to do 
would be to photometer the lamps under 
exactly the conditions in which they are t» 
operate. That would mean wherever the 
lamps in operation have reflectors, or frost- 
ed globes, that they are to be measured 
under those conditions. 

But there is one difficulty where frosted 
globes are used; their absorption varies 
within large limits, and hardly two globes 
exist that have the same absorption and 
distribution. Hence a measurement once 
taken of an arc lamp with frosted globe is 
no longer of any use if the original globe 
either no longer exists or has become 
slightly defective through use, and it is 
thus actually impossible to make definite 
subsequent statements about the light-power 
of such a lamp. 

The only find of globe that does not 


_tion of such coils. 


practically change its absorptive power is 
the transparent globe, which is therefore 
especially suitable for standard measure- 
ments. Of course, the value for the latter 
is higher than that for the first, but it is 
much preferable to measuring the bare arc, 
because all conditions of the arc (its 
length, air circulation, etc.) remain the 
same as when in practical use. 

The absorption of frosted glass globes 
may be given by stating approximately their 
average value. 

Reflectors are not to be used because of 
the easier manipulation in photometering; 
the effect of reflectors upon the intensity 
is, as we know, very small. 

(4) The practical efficiency of an arc 
lamp is to include its consumption together 
with that of the resistance-coil, the choke- 
coil, or the transformer, as the case may 
be; for only when they are considered has 
the statement of efficiency a practical value 
for comparisons as to economy. The sim- 
plest way to find it is the one given above, 
namely, the measuring of the total con- 
sumption at the connections with the mains, 
and dividing this value by the number of 
lamps. Giving the voltage of the mains is 
needed because the efficiency thus measured 
gives different results, according as, for 
inst., two lamps. are connected with I10 
or 120 volt mains, and hence to define the 
conditions for which the statement is made 
the voltage of the mains is needed. How- 
ever, the number of lamps burning in se- 
ries does not have to be mentioned, as 
besides the points already given there are 
no others that aid in judging the efficiency 
of the lamp. 

(5) It would be wrong to attribute gen- 
erally the efficiency of alternating current 
arc lamps to a resistance without induction, 
because this would mean a disadvantage to 
these lamps, wherever they burn with 
choke-coils. Nor must we refer the ef- 
ficiency only to resistance with induction, 
because, especially in Germany, the manu- 
facturers are liable to prohibit the installa- 
Hence it is necessary 
to consider the particular case in hand; 
but in order to avoid lack of precision and 
false conclusions, to give each time dis- 
tinctly the kind of resistance used. 

(6) The rules for the photometry of 
arc lamps have been worked out according 
to the present state of technical photome- 
try. Considering the fact that much work 
is being done in this field at present, it is 
recommended that these rules be revised at 
the end of one year. 





DEVELOPMENTS IN THE BASTIAN 
MERCURY VAPOR LAMP 
The Electrical Review, July 13, 1906. 


The Bastian type of lamp is of peculiar 
interest, owing to its English origin and to 
the very practical designs adopted by the 
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makers. So recently as January, 1903, the 
first patent was taken out for this lamp, 
and about the middle of the following year 
the first few lamps, arranged to burn four 
in series across 200 volts, were sold. 

By the end of the year 1904, it was 
found possible to construct the lamps to 
burn singly on any voltage up to 250 volts, 
and since that development, little, if any, 
change has been effected in the method of 
manufacturing the burner, except as re- 
gards improved methods of annealing, etc. 

The burners are made of hard Jena com- 
bustion tubing, and as this glass has a 
much lower coefficient of expansion than 
platinum, considerable difficulties have had 





BASTIAN MERCURY VAPOR LAMP. 


to be overcome in effecting a thoroughly 
reliable sealing-in of the platinum leading- 
in wires, but. that these difficulties have 
been overcome is evidenced by the fact that 
many burners have lasted over 5,000 hours 
in actual use, and one, specially tested, had 
a life of over 10,600 hours under condi- 
tions of practical use. During this long 
period very little discoloration of the glass 
took place, except for a short length of 
about 1% in. near the negative electrode, 
and it is claimed that the efficiency of the 
lamp was not reduced more than 5 per cent. 
thereby. 

It is almost superfluous to remind ouyv 
readers that this type of lamp is. highly 
efficient, being some ten times better than 
the ordinary incandescent lamp; and to 
those who object to the color of the mer- 
cury vapor, pure and simple, it will be 
interesting to know that the firm is busily 
experimenting with a view to coloring the 
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arc stream by the addition of other metals 
to the mercury. 

Our illustration shows one of the latest 
patterns of lamp, used by ourselves for of- 
fice illumination; as will be seen, it is com- 
bined with an incandescent lamp, thus ob- 
viating the color difficulty for internal 
work. The lamp is not essentially different 
in construction from earlier ones described 
in our pages, but it is improved in several 
minor points. 

Sole licenses to work the patents in 
France and Spain have been acquired by 
the Compagnie Generale d’Electricité, of 
Paris, and in Switzerland the sole license 
is held by the Schweiz Gluhlampen Fabrik, 
of Zug, whilst the Cooper Hewitt Electric 
Co., of New York, have acqttired an option 
to purchase all the rights in the United 
States and Canada: ’ 

The grant of the ‘company’s patents has 
been opposed in several foreign countries, 
but the firm has so far in ail cases success- 
fully contested such opposition, and the 
German patent whith was opposed has just 
been finally sealed with the full broad 
claims: orginally allowed by the German 
Patent Office. 


THE PENETRATING PROPERTIES 
OF THE ARC LIGHT 


The Electrical Review (London), August 
3, 1900. 


Several statements re light penetration 
have appeared recently in the “Correspond- 
ence’ columns of the electrical Press, the 
accuracy of which I seriously question. 

In the Electrician, of July 20th, 1906, M. 
Laporte writes:—“It is generally agreed 
that the air.in the neighborhood of the 
earth is more transparent for yellow and 
red radiation than for radiations of shorter 
wave length.” 

And again, in the Electrical Review otf 
July 27th, 1906, the following statement oc- 
curs in a letter from the Kitson Light For- 
eign Supply Co.:—‘“‘Any lighting engineer 
knows * * * that the blue rays which 
preponderate in the electric arc will not 
penetrate the fog for any distance, whilst 
the red and yellow rays do, and as the 
Kitson system is rich in these, it stands to 
reason that it should be a better illuminant 
during fogs than the electric arc. The 
same is true of the oil-wick lamp and an 
ordinary gas jet.” 

I do not question the statement that an 
oil-wick lamp will penetrate fog better than 
the light from a carbon arc, but I question 
the accuracy of the explanation, which is 
generally accepted as the true one. 

I maintain that the difference in the pen- 
etrating properties of the two lights is 
entirely due to the difference in what is 
usually termed their intrinsic brilliancy, but 
which I prefer to term the difference in 
the light density of the two illuminants. 
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I think it will be found that if the two 
sources of different colored illumination 
have the same flux of light per square 
centimeter of radiating surface, then the 
illuminant rich in blue light will penetrate 
the atmosphere somewhat better than the 
illuminant rich in red and yellow light. 

If I am not correct in stating that blue 
light penetrates the atmosphere better than 
any other color, perhaps the manager of the 
Kitson Light Foreign Supply Co. will kind- 
ly explain to me and others through your 
columns, why it is that distant objects ap- 
pear blue. 

C. OrME BastTIAN. 

Lonpon, N. W., July 30th, 1906. 





LIGHT—COLOR—VALUE 
(The Electrical Review, August 3, 1906.) 


There have been many discussions lately 
in the technical press and elsewhere on the 
subject of light, the relative value of gas 
and electricity, the proposed standardiza- 
tion of electric lamps, etc, and I have 
been much struck by the absence of any 
exactness or definiteness as to what light 
should be. In nearly all these discussions 
the value of light is regarded on the basis 
of the quantity or intensity only ot the light 
given by each illuminant, the quality being 
always ignored or dealt with in quite a cur- 
sory manner. The efficiency of electric in- 
candescent lamps, “open,” ‘‘enclosed” and 
“flame” arc lamps, Nernst and mercury 
vapor lamps are all discussed in similarly 
unsatisfactory style. 

Surely it is possible to determine what 
is useful light, and to obtain an authorita- 
tive dictum as to what is best suited for 
the human eye. 

It is commonly stated that what we want 
it white light, and each lamp merchant 
claims to have produced a counterfeit of or 
improvement on the sun. White light is, 
of course, a compound, and what we want 
is an authoritative decision as to which 
primary color or combination of primary 
colors is required for human use. I was 
surprised to hear Mr. Swinburne say at the 
Electrical Exhibition that probably the best 
quality of light for home use would be 
obtained from numerous coal fires dotted 
about our rooms, but that it would be the 
most costly. Well, the best generally is the 
most costly, and the practical man was cre- 
ated especially for the purpose of finding 
the nearest approach to the desirable at a 
practicable price. It is no use saying that 
you can get larger quantities of green or 
blue or yellow light at a cheaper price, 
though, of course, if you get enough bad 
light, it will serve after a fashion, as there 
will be enough red light contained therein 
to enable you to see; and, in my opinion, it 
is the use of glaring lights of improper 
color that occasionally punishes the eyes 
so by reason of the fierce reflection from 
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all white surfaces, and makes one wish for 
two or three tallow candles for a treat. 
Therefore, neither quantity nor quality 
must be neglected when comparing values. 

I say I was surprised to hear Mr. Swin- 
burne say that light ought to be red. I 
always thought so, but did not think it was 
scientifically settled that way. I was sur- 
prised again when he discussed the mercury 
lamp, and said that as it was so deficient in 
red rays, it was very restful to the eyes. 
This, I think, can only be true in a certain 
sense. If you give up trying to work or 
read by it, of course it is restful, but you 
can do this to still better effect, probably, 
in total darkness. 

In regard to the useful life of incandes- 
cent electric lamps, it is often stated to be 
best to over-run them, getting a largely 
increased quantity of light for a shorter 
life, and recent tests show that (on a quan- 
titative basis only) this will pay when lamps 
are over-volted to an extent that will cor- 
respond with a consumption of power of 
1.5 watts per candle-power. All this I fer- 
vently disbelieve. The light is much too 
“white,” 7. e., deficient in red rays, ap- 
proaching the color of the “highly efficient” 
open arc lamp, and suitable only for open- 
air treatment and for decorative purposes. 
The matter then resolves itself mainly, I 
believe, into a determination of the correct 
degree of incandescence permissible, and it 
would appear that nearly all materials are 
capable of being raised to such a tempera- 
ture that the emitted light is useless for 
lighting purposes. If you hustle sufficient 
gas through a burner by compression you 
can get enough light from a “‘Welsbach” 
to frighten the most hardened electrician. 
Whether the extra cost of gas and mantles 
is “worth the candle” is what I want. to 
know. My belief is that the effect is pre- 
cisely the same as the over-volted incan- 
descent electric lamp and some arc lamps, 
the light being decorative but useless. 

Standardization and comparison of lights 
then should start with a determination by 
spectrum analysis of the constitution of the 
light emitted by the incandescence of each 
material, and this I am confident would 
lead to the immediate rejection of many 
lights that are now in use to the detriment 
of our eyesight. Incidentally, I think we 
should arrive at a more satisfactory un- 
derstanding of the relative values of elec- 


tricity and gas. 
Reales 


oe 


LIGHTHOUSE WORK 
The Electrical Engineer, July 27, 1906. 


Sir:—Our attention has been called to 
the notice in your issue of the 13th inst. 
regarding the use of the Kitson light in 
lighthouses. We ask you, in fairness, that 
you will give us space to say that the no- 
tice contained in the Times is substantially 
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correct. That notice did not say that the 
Kitson light had superseded the electric; 
it stated that the Kitson light had been in- 
stalled at the Lizard and other lighthouses. 
This information is absolutely correct. 
Further, the information that the Kitson 
system was used during a fog at the Lizard 
came from one ofthe lighthouse employees. 

As to the question whether the electric 
light as installed at the Lizard is or is not 
superior to the Kitson system during a fog 
is not a matter of opinion, but a matter of 
fact. Any lighting engineer knows, whether 
he be an electric light man, a gas man, or 
an oil man, that the blue rays which pre- 
ponderate in the electric arc will not pene- 
trate the fog for any distance, whilst the 
red and yellow rays do, and as the Kitson 
system is rich in these it stands to reason 
that it should be a better illuminant during 
fogs than the electric arc. The same is 
true of the oil wick-lamp and an ordinary 
gas jet. 

Permit us to quote the opinion of one 
of the greatest lighthouse authorities, Mr. 
John B. Wigham, of Dublin, who, in a 
paper read before the Royal Society of 
Dublin, said: “Recent experience has 
shown that the electric light is not the best 
light as a lighthouse illuminant, sea cap- 
tains and others competent to judge having 
testified that it is misleading in clear 
weather, and absolutely useless in foggy 
weather. The Trinity House Corporation 
appear to have concurred in this view, for 
they have not established any electric light 
since the date of their report on the South 
Foreland experiments. The claims of the 
electric light as a lighthouse illuminant 
having thus been disposed of, the question 
arises: Can we find a light with the in- 
tensity of the electric light without. its 
defects for lighthouse purposes? The new 
light, which I am about to describe, is one 
which seems to possess that desideratum ; it 
is also rich in the red and yellow rays, in 
which the electric light is deficient, and it 
has, besides, the necessary volume which 
contributes to the power of making itself 
visible in foggy weather, and has also a 
uniform steadiness not attainable by the 
electric arc light. This light is an Ameri- 
can invention, and is called, after the name 
of its inventor, the ‘Kitson’ light. It is 
really a gas light, though made from cold 
petroleum, and possesses those valuable 
properties which originally commended the 
gas system to Prof.:Tyndall and the Irish 
Lights Commissioners.”—Yours, etc., 

Kitson LicHt Forrericn Suppiy Co. 
(J. Chubb, Manager.) 


[We are pleased to publish the above 
and to hear fully what our opponents have 
to say. The notice in the Times certainly 
left the impression that electric lighting 
had been abandoned for lighthouse work, 
which is not the case. As regards the 


“tute the hydroxide for the nitrate. 
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penetrating power of red and yellow rays, 
this is proved to be greater in fog than that 
of the rays from the pure carbon arc. It 
would be interesting to test the flame arc 
lamp for lighthouse work, and to see how 
far the impregnated carbon’s arc covers the 
penetration difficulty in times of fog. From 
experience in street-lighting, the flame arc 
should prove both the best light and also 
the cheapest.—Ep. E. E.] 


as 


PROCESS FOR THE MANUFAC- 


TURE OF INCANDESCENT 
MANTLES WITH COPPER- 
CELLULOSE 
By W. Bruno. 

Zeitschrift fir Beleuchtungswesen, July 
20, 19006. 


Incandescent mantles are made of cerium 
earths, together with thorium and zerconi- 
um oxides, cotton thread and Ramie fiber 
(Chinese Grass) being used as the oxide 
support. The thread is knitted into a hose, 
which is soaked in solutions of the cerium 
compounds, andwhen dry, cut in pieces 
about 20 cm. long. The cotton is then 
burnt out, and in a white heat the cerium 
salts turn into oxides. A little manipula- 
tion over the blowpipe will harden and form 
it and complete the manufacturing process. 

Trials with many other natural oxide 
supports, like silk, hemp, etc., have been 
made, but with no success. Artificial 
threads were then employed, but as they 
do not readily absorb the solution, it is 
necessary to add the solutions of the ceri- 
um metals to the viscous substance, from 
which then the thread is pressed, so that 
it 18 impregnated and spun at the same 
time. This process was not bad, though 
rather complicated and expensive. 

So far, only thorium nitrate has been 
used to obtain the oxide, because it has 
the highest surface tension. If a piece of 
thorium nitrate as large as a pea is placed 
in a platinum dish of about 20 ccm. capaci- 
ty, the nitrate, on changing to the oxide in 
the heat, swells into a foam much beyond 
the capacity of the dish. This is the test 
of its quality, for it is believed not to 
shrink afterwards. However, the shrinking 
cannot be prevented altogether. 

A new artificial thread has been made 
that may easily be impregnated, viz: cop- 
per-cellulose; it does not, however, com- 
bine with thorium nitrate. 

A copper-cellulose mantle absorbs the 
thorium nitrate solution well enough, but 
on burning it the oxide is not formed, ana 
it falls to pieces; the remedy is to substi- 
This 
thorium hydroxide is a by-product in the 
manufacture of thorium. It is precipitated 
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when the acid solution is shaken with am- 
monia. 

Unlike the nitrate, the hydroxide does not 
swell at a white heat, but shrinks together, 
is gelatinous, and instead of a loose pow- 
der it forms sharp, diamond-like crystals. 
It is not possible to impregnate a thread 
with it, but is necessary first to soak the 
copper-cellulose thread in the nitrate solu- 
tion—just as with cotton or Ramie thread, 
and then convert it into hydroxide by 
means of an ammonia bath. 

I have often thought when I saw the 
oxide manufactured from the hydroxide, 
why, in spite of the above-mentioned phys:- 
cal properties, it should be wholly impos- 
sible to use this chemically pure oxide in 
the making of mantles.  Plaisetty, the 
Spaniard, has shown us, though, that it 
may be used with copper-cellulose to make 
a mantle that has surprising advantages 
over those till now made with thorium and 
zerconium. 

The discovery must have been rather ac- 
cidental, for who would think of using 
thorium hydroxide to impregnate a copper- 
cellulose thread, when it cannot be done 
with the nitrate solution, or when it has 
no effect on cotton or Ramie thread? 

The old mantel is very hygroscopic, and 
this absorption of moisture causes much 
trouble, especially to the big dealers, since 
they get them in hose form, after having 
been impregnated with the salts, and do 
the finishing themselves. These new man- 
tles, on the contrary, do not have this bad 
quality; if they are put in water for hours, 
there will not be the least oxalic acid 
found. This means an immense improve- 
ment. 

There is a good apparatus in the market 
for testing the strength of mantles by 
percussions; an old one of good quality 
can stand go-100 shocks, whereas the new 
copper-cellulose mantle can stand 2-3000, 
and be good still. 

A microscopic photograph of a nitrate- 
oxide thread shows a mass of loosely twist- 
ed fibers, and that of the copper-cellulose 
thread a few untwisted wires. 

As to the patent rights, it may be seen 
that it is easily possible to circumvent them, 
for instead of the specific method stated 
therein, to “treat the dry impregnated ma- 
terial with an alkaline bath,” the thorium 
solution might, in order to obtain the hy- 
droxide, be treated with hydrogen peroxide 
at 60° C., in an acid solution; and this 
process would not in the least interfere 
with the patent rights, and in fact gives 
still better results. The formula of the 
oxide obtained by this method, I am quite 
sure, is not, as commonly supposed, Th O:, 
but Th. O;, and remains unchanged at the 
temperature of incandescence. The ceriura 
also occurs in a corresponding form when 
hydrogen peroxide is used instead of am- 
monia, which, by the way, is a compound 
that is as yet little known. 


CONCERNING THE TEMPERA- 
TURE OF THE NERNST LAMP 


By Leon W. HarrMan. 
Physical Review, June, 1900. 


The early determinations of the temper- 
ature of the incandescent glower of the 
Nernst lamp gave values which were un- 
doubtedly much too high. These deter- 
minations were based on the law of the 
radiation from a black body. To this class 
of radiators, however, the Nernst glower 
does not belong, so that if the glower emits 
selective radiation as compared with the 
radiation from a black body, its measured 
black-body temperature might be much 
above its actual temperature. This is the 
case; hence the higher values of its tem- 
perature, as found by the early investigat- 
ors, is explained. 

If one avails himself of existing data 
and methods and applies the data and 
curves of Angstrom} to the data of the 
writer, already published,t a value of the 
temperature much lower than that cited by 
Lummer and Pringsheim§ will be obtained. 
This discrepancy then makes a determina- 
tion of the temperature of the incandescent 
clove by direct measurement very desir- 
able. 

When the data for the energy losses from 
incandescent platinum wires in air had been 
obtained,|| an effort was made by the 
writer to utilize the same method for de- 
termining the temperature of the incan- 
descent glower of the Nernst lamp. Briefly 
stated, this method was as follows: The 
candle-power per unit length for varying 
power supply was first determined with a 
number of Nernst glowers. In front of an 
iridium furnace containing a piece of mag- 
nesium oxide, was then mounted a frame 
for the glowers, in series with which was 
a suitable regulating rheostat. When the 
furnace was heated, the magnesium within 
was heated up to incandescence. Each 
glower in turn was then mounted on the 
frame and heated by a current until its 
color, as seen against the magnesium ox- 
ide as a background, seemed as near the 
color of the latter as it was possible to 
get it. Noting the power supply, the can- 
dle-power per centimeter length could be 
determined from the plotted curves of the 
first set of observations. As soon as the 
power supplied was determined, the tem- 
perature of the interior of the furnace— 
i, e., the temperature of the magnesium 
oxide, was measured by means of a Wanner 
pyrometer. Some of the data thus obtained 
are given in the following table: 


+ Angstrom, Phys. Rev., XVII., p. 302, 1903. 

t Hartman, Phys. Rev., XVII., p. 65, 1903. 

§ Lummer and Pringsheim, Verhd. d. Deutsch, 
Ges ellis p30) 2901. 

|| Hartman, Phys. Zeitschr., V., p. 579, 1904. 
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No. Amp. Volts. - Watts. < Watts. 
cm. 
Lee SS oas 173 25.6 16.3 
HE 0.410 182 74.6 36.1 
ITI. 0.846 175 148.0 52.9 
LV4 0.810 103 83.5 59.6 


Temp. Watts. CrP. Cre 
(abs.). cm. mm.” 
2,360° 1.79 14.8 B25 
2,360° 1.83 42.0 3.29 
2,300. 1.75 86.8 a22 
1,800° 1.90 47.0 3.30 


In obtaining these data the writer had 
the co-operation and assistance of Prof. 
Nernst and one of his assistants, but at 
that time some doubt arose as to the ac- 
curacy of the temperature determinations 
thus made, and they have not been pub- 
lished hitherto. The writer has since de- 
cided to make some independent tempera- 
ture measurements following an entirely 
different method, the details of which are 
given below. 

When Prof. E. L. Nichols made -his ob- 
servations for the determination of the 
temperature of the acetylene flame,f it was 
the writer’s privilege to assist in a small 
way. It seemed probable, therefore, that 
the same method used in those former 
measurements might be used to good ad- 
vantage in determining the actual tempera- 
ture of the incandescent glower when the 
latter was carrying a given constant load. 
Three specimens of the same platinum and 
platinum-rhodium wire used in the deter- 
minations just mentioned were therefore 
taken, pulled down to suitable size, and 





follows: No. I. had a radius of 0.00592 
cm.; No. II. of 0.00493 cm.; No III. of 
0.00369 cm. 

The thermo E.M.Fs. generated in these 
three thermo-elements were then measured 
on the potentiometer—the junction of the 
thermo-element being meantime in contact 
with the glower. From a curve, plotted 
from the values given by Kohlrausch,* the 
temperature corresponding to each E.M.F. 
was then read and a curve was plotted with 
corresponding temperatures as ordinates 
and cross-sections of the wires as abscisse. 
In order to eliminate conduction, this curve 
was extended back until it intersected the 
axis of ordinates. Thus one eliminated the 
conduction of the thermo-elements, and ob- 
tained at the intersection of the curve with 
the axis of ordinates the value of the 
temperature that would be measured with 
a wire of zero cross-section. The values 
obtained from a series of measurements 
on a half-dozen different glowers gave re- 
sults varying from 1,780 to 1,800 deg. abso- 
lute, as is shown by the following table: 


TasBLe I].—TEMPERATURES OF VARIOUS GLOWERS AS MEASURED WITH THE THREE 
THERMO-ELEMENTS. 


Temperatures for elements. Exterpolated 
Glower. No. I. No. II Noe 1h value. 
Le 12232 1,407° 1,487° 1505. 
II. 1,220° 1,430° 1,500° spe Ge 
Ti 270° 1,425° 1,520° T5390 tC: 
IV. 1,230° 1,385° 1,495” 1535.3 
N: 1,145° 1,320: 1,460° LSTG ae. 
VI: I,150° 1.330807) 1,480° T5054 3 05 

Mean valtiesean a2 he ce i701 Of abs: 


made into thermo-elements. After a I10- 
volt glower with its ballast had been 
mounted on a suitable frame, and connected 
in series with an adjustable rheostat, a 
current of 0.80 amperes—its rated normal 
load—was passed through the glower. The 
junction of the thermo-element was then 
moved slowly up to the fncandescent glow- 
er. To the writer’s surprise the junction 
could be brought in contact with the glow- 
er without melting or being otherwise vis- 
ibly changed. This was true of the smallest 
junction used—the radius of which was 
0.00360 cm. The only conclusion to be 
drawn was that the temperature of the 
incandescent glower was much lower than 
the early measurements indicated. The 
radii of the three junctions used were as 


™ Nichols, Phys. Rev., X., ps 234, 1900. 


In some cases the glower was heated by 
direct current; in others by alternating cur- 
rent. Sometimes the glower was in the 
plane formed by the two wires of the 
thermo-junction; sometimes the glower was 
at right angles to the plane including the 
two wires. in all cases the glower was 
horizontal. The mean of all these measure- 
ments gives a temperature of 1,791 deg. 
absolute. 

After making these measurements, in or- 
der to make sure that the character of 
the wires of the thermo-elements had not 
been changed by contact with the hot ox- 
ides constituting the glower, the junctions 
were used to measure the temperature of 
various parts of the luminous cone of the 


* Kohlrausch, Praktische Physik, p. 
gth edition. 


157, I901, 
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Tas_Le III. (CompuTeD).—WaATTS PER CENTIMETER LENGTH REQUIRED BY BLAck BopieEs 
FOR THE ABSOLUTE TEMPERATURES INDICATED BELow. 


1,700° 1,800° 

No. Thickness. 
ti 0.0290 cm. 4.10 gi 
II. 0.0618 “ 8.67 10.91 
TE 0.0964 “ 13.50 17.00 
LV; 6.1000.“ 14.10 17.60 


Bunsen flame. Values concordant with 
those obtained by Waggoner} were obtain- 
ed. Although under a microscope the wires 
did not present a perfectly smooth appear- 
ance like that of a newly-drawn wire, yet 
the tests to which the junctions were sub- 
jected made it seem probable that the ther- 
mo-junctions used measured the true tem- 
perature of the Bunsen flame and of the 
glowers as accurately as one could expect, 
considering that there was more or less 
unavoidable change in the value of the 
current passing through the glower. 
Some comparisons will now prove of 
interest. It will be instructive to compare 
the actual energy supplied to the glower 
when it is heated to a given temperature, 
with the energy required to produce the 
Same temperature in a black body of. the 
same dimensions as the Nernst glower. 
‘The computed data for the black body are 
given in Table III. For the absolute data 
temperatures indicated in this table, the 
energy per centimeter length required by 
a black body of the same cross-section as 
the Nernst glower is given. In Table I. 
data showing the energy supplied to four 
different glowers are given. The first three 
are German glowers and the accompanying 
data were obtained by the method first men- 
tioned above, using the Wanner pyrometer 
and the iridium furnace to determine the 
temperature of the glower. The last case, 
glower No. IV., is one of the American 
glowers, in which case the temperature of 
the glower was measured by means of the 
thermo-element. Glowers Nos. III. and 
EV. ot this’ ‘table :are- so -similar that a 
comparison is possible. For example, the 
current strength in the two cases, the watts 
per centimeter length, the energy per 
square millimeter, and the candle-power 
per square millimeter, are all of such a 
relative magnitude as to be comparable. In 
case of glower No. III., whose temperature 
was determined by the pyrometer, the tem- 
perature was found to be 2,300 deg. abso- 
lute. Judging from the candle-power per 
square millimeter glower No. IV. should 
‘be considerably hotter than glower No. 
IIL, but with the glower first mentioned 
the thermo-element showed a temperature 
of 1,800 deg. absolute. Hvidently, there- 
fore, the method used to measure the tem- 
Wied. Ann., 


+ Waggoner, TEN TEL ps 57.9;- 1896; 


1,900° 2,000° 2,100° 2:200° 
Watts per centimeter. 

6.35 7.81 9.50 11.44 
13.54 16.62 20.20 24.33 
21.10 26.87 31.50 37.90 
22.00 27.00 22770 Cane: 














perature of No. III. gave values much too 
high. In other words, the laws of Wien 
and Paschen do not apply to the Nernst 
glower, because it is not a black body, but, 
on the contrary, shows selective radiation 
when compared with the radiation from 
the latter. These laws cannot be used, 
therefore, with the constants now available 
for a black body, in order to determine the 
temperature of the Nernst glower. 

If now we compute the energy lost by 
glowers Nos. I., II. and III., assuming for 
the time being that the black body law is 
followed and that the temperature obtained 
from measurements based on that law are 
correct, we find the watts lost per centi- 
meter length to be relatively very small, 
as is shown by the first part of Table IV., 
and the percentage loss to be very small, 
ranging irom. 5, to; 7 per cent. “On the 
other hand, if we take the temperature ob- 
tained by the thermo-element method as the 
correct temperature of the glower, and then 
find the energy required to heat a black 
body of the same dimensions as the glower 
to the absolute temperature of 1,800 deg., 
we find a relative large loss—viz., 42 watts, 
or a percentage of 1,800 deg. absolute of 
70.5 per cent. 

The advantage from a commercial stand- 
point of rating the temperature of the 
Nernst glower above its actual value, is 
shown very clearly by these figures. From 
these considerations, it seems quite evident 
that the economic superiority of the glower 
over that of a black body is not so great as 
has been claimed for it. That it is far from 
being a black body, as has long been known, 
is also strikingly emphasized. That its true 
temperature has been placed too high is 
conclusive. Temperature measurements on 
the glower based on its radiating power or 
its photometric qualities, are alike apt to 
give values which are much too high. 





TasLE IV.—WatTts PER CENTIMETER 
LenctuH Lost Into tHe Arr DUE 
to CONDUCTION, CONVECTION, ETC. 


Absolute Watts... UPer-cent: 

No. temps. lost. watts lost. 
I. 2,360° 1.01 6.2 
ine 2,360° 4.79 a6 
19 Gk 2,360° 2.01 5.2 
EVE 1,800° 42.00 70.5 
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Miscellaneous News 


AYER, MASS.—The Light, Heat and 
Power Company, having offices in room 
808, Board of Trade Building, Boston, and 
of which Arthur E. Childs is president 
and Addis M. Whitney treasurer, has pur- 
chased the Royal Cheney farm of 63 acres, 
at Etill River, seven miles from here, for 
the purpose of erecting a central power sta- 
tion to furnish light and power for the 
towns of Leominster, Clinton, Ayer, Har- 
vard and Groton. The central plant is ex- 
pected to cost about $80,000. 


BOSTON, MASS.—In response to the 
demand made by organized labor, Mayor 
Fitzgerald called upon the Edison Electric 
Illuminating Company for arbitration of 
the city’s contract with the company, to 
determine whether the city is entitled to a 
reduction in the price it is now paying for 
electric lighting. If such arbitration had 
not been called for before the latter date, 
the city would have been obliged to con- 
tinue to pay the present rate of $125 per 
lamp per year for two and one-half years 
longer. It is believed that a reduction of 
this rate will be obtained. 


CAMDEN, N. J.—The City Council has 
decided to submit to the people the ques- 
tion of municipal ownership of its own 
electric light, heat and power plant, as 
authorized by the recent Legislature. A 
resolution was adopted providing for a 
vote on the subject at the general election 
on Tuesday, November -6. 


COLUMBUS, O.—The United States 
Court has sustained the injunction which 
stops the City Council of Columbus, Ohio, 
from forcing the Columbus Railway and 
Lighting Company to limit its charges for 
electric light and power to not more than 
five cents per kilowatt hour. 
nance fixing that rate was passed by the 
Council in 1904. The company resisted 
the reduction, alleging that the new price 
would not allow any profit on its invest- 
ment. It was shown by the evidence that 
the five cents per kilowatt hour rate would 
require the company to furnish electricity 
at cost to 75 per cent. of its patrons and 
at less than cost to most of the others. 
The Court concurred in the opinion that 
this amounts practically to confiscating 
property and is in violation of the Federal 
Constitution. While the City Council has 
the right to fix the charge for electricity it 
cannot put it so low as to leave no fair 
return on its investment to the electric 
company. The injunction against the City 
Council is made permanent. 

EMPORIA, KAN.—The special com- 
mittee appointed to investigate the matter 
of establishing a municipal plant for light- 
ing the streets in connection with the water 
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plant has reported to the effect that such 
a plant will afford street lamps at a cost 
not to exceed $4 per light per month. 

HARTFORD, CONN.—In the merging 
of the Windsor Locks and Enfield Electric 
Lighting companies into the Northern Con- 
necticut Light and Power Company, it is 
said that the present plant of the local 
company, which is totally inadequate to 
meet the demands upon it, will be torn 
down in the fall and a new and larger 
station erected. The new company. will 
also erect a gas plant at Thompsonville, 
and after the building operations are set- 
ioe upon, the concern will be re-capital- 
ized. 

NEW YORK CITY.—The Borough of 
Richmond (Staten Island) is agitating the 
question of a municipal lighting plant. 
wtuch complaint is heard of the poor ser- 
vice given by the Richmond Light and 
Power Company, who are now supplying 
the light. The present lighting company 
gives as a reason that the city owes it half 
of a million dollars and cannot make im- 
provements until this amount is paid. 

ONEIDA, N. Y.—After January 1, 1907, 
this will be one of the cheapest lighted 
cities in the State of New York. The 
contract for lighting for two years from 
that date has been let to the Empire State 
Power Company, which was the lowest 
bidder at a rate of $37.50 for all night 
lamps and $25.00 for one o’clock lights. 
This is one-half the rate paid at the pres- 
ent time. 

ROCHESTER, N. Y.—The city is. ad- 
vertising for contracts for furnishing elec- 
tric lights for the streets. The conditions 
of the contract are such that outside light- 
ing companies may compete, as it is pro- 
vided that bids may be made to deliver 
current at the city limits. It is hoped that 
in this way the Niagara Falls current may 
be able to compete with the local company, 
which at present has a monopoly. 

SIOUX CITY, IA.—The contract has 
been let and work already has been begun 
on a power house for Sioux City Service 
Company. The building will be of con- 
crete, one story in height, and will be 75 
by 78 feet in dimensions. ‘The estimated 
cost of the building is $30,000. The entire 
cost of the improvements, however, will be 
larger when the entire amount spent in 
equipping it is figured. John P. Wall has 
the building contract. 

WATERTOWN, N. Y.—City Attorney 
Breen has applied to the Common Council 
for authority to employ a hydraulic engi- 
neer to estimate the valuations of water 
powers along the Black River, with the 
idea of using them for a municipal lighting 
plant. 
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Practical Problems in Illuminating Engineering 


VLE 


ILLUMINATION OF A BANKING HOUSE 


By ArtHuR A. ERNST. 


The present problem, like the one 
we last described, involves no com- 
plicated engineering work nor unusual 
conditions, but is a fair example of a 
case which is exceedingly common, 
viz., a modern building, erected and 
furnished with unstinted expenditure, 
but in which the artificial illumination 
is found to be inadequate after it has 
been put to the test of practical use. 
The building in question is 62 Cedar 
street, New York City, and is occupied 
by the banking house of Harvey Fisk 
_& Sons. 

The ground floor is occupied by 
public and private offices, a mezzanine 
running about three of the side walls. 
It is finished with white marble wain- 
scoting, the walls and ceilings above 
which are of a light cream color. The 
carpets are of an olive green, and the 
furniture of mahogany. The entrance 
hallway contains three large globes 
made up of bead glass work. The bal- 
ance of the general illumination was 
originally furnished by 16-inch glass 
bowls frosted on the inside, and placed 
in fixtures against the ceilings, each 
bowl containing eigh 16-c.p. incan- 
descent lamps. The fixtures were 12 
and 14 feet apart, and the ceiling 
height 13 feet. All desks are supplied 
with individual desk lamps with reflec- 
tor shades. 


It was found, however, that the gen- 
eral illumination was insufficient, and 
the problem to be solved was to find 
a simple method of increasing the il- 
lumination without introducing addi- 
tional fixtures requiring separate wir- 
ing, and if possible, without increasing 
the current consumption. In other 
words, all changes were practically 
limited to glassware, lamps and fix- 
pur SS 

As the proprietors wished to make 
a demonstration of the proposed 
method before making changes 
throughout, a single office on the 
ground floor was assigned for this 
purpose. 

The office is shown in plan in Fig. 
I, and in sections in Fig. 2. 


The faults of the original installa- 

tion were as follows: 

(a) Absorption of light by the 
frosting of the bowls; 

(b) Loss of light by the absorption 
of the upward rays in the 
Axture; 

(c) Low efficiency of the lamps 
used ; 

(d) A light distribution unsuited 
to the special requirements ; 

(ec) Overheating of the lamps, with 
consequent shortening of life 
and decrease in candle-power. 
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FIG. 2:—VERTICAL SECTION, WITH ILLUMINATION CURVES: 


To correct these faults the following 
means were used: 

(a) The substitution of Holophane 
Hemispheres for the ground 
glass bowls; 

(b) The use of prismatic reflectors 
to cover the hemispheres ; 

(c) The substitution of a single 
100-c._p. GEM lamp for the 
eight 16-c.p. lamps; 

(d) The use of prismatic reflectors 
to increase the downward 
distribution ; | 

(e) Dropping the hemispheres two 
feet below the ceiling to give 
ventilation. 

The difference in absorption be- 
tween ground glass and holophane 
globes may be assumed as 15% of the 
total light, and the gain by utilizing the 
upward rays by the reflector would 
probably represent 30% ; the use of a 
single lamp of I00 rated candle-power 
in place of the eight lamps having a 
rated candle-power of 128 would, 
therefore, be fully justified. By this 
change in lamps a reduction in current 
consumption of 44% was effected—as- 
suming that the 16-candle-power 
lamps were of 3.5 watts efficiency. 
This amounted to a saving of 200 
watts for each fixture. By dropping 


the fixtures a greater intensity of illu- 
mination at the level of the desks was 
obtained, while at the same time the 
small portion of light transmitted by 
the reflector was sufficient to prevent 
perceptible darkness on the ceilings. 

The curve of distribution of the 
Holophane Hemisphere, fitted with the 
single lamp and reflector, is shown in 
Fig. 3, the curves of horizontal inten- 
sity on the assumed plane being given 
in the lower part of the diagram. 
Curve B is the illumination produced 
by a single source. Curve B’, the illu- 
mination between two sources 14 feet 
apart, and curve C the illumination 
between two sources 12 feet apart. 

It should be observed that these 
curves do not take into account the 
light from more than two sources, nor 
reflection from side walls and ceilings. 
Omitting the curve of illumination 
produced by a single source, it will be 
seen that for units 14 feet apart the 
maximum illumination is 3.3  foot- 
candles, and the minimum illumination 
1.75 foot-candles, while with units 12 
feet apart, the minimum is raised to 
2.3. As 2 foot-candles furnished a 
fairly good light for reading, this in- 
tensity was deemed sufficient. In 
carrying out the specifications for the 
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fixture, a simple but substantial design, 
consisting of a band holding the hem- 
isphere supported by four chains from 
a canopy on the ceiling, was con- 
structed by the manufacturer. 

The illumination produced by these 
changes was found to be satisfactory, 
and similar changes were made 
throughout the other offices. 

In order to check up the theoretical 
results, illuminometer measurements 
were recently made. In some fixtures 
the lamps were practically new, while 
in others they had been in service for 
some time. The curves of illumina- 
tion obtained are given in Fig. 2, the 
upper curve (dotted line), showing the 
illumination with new lamps, and the 
lower curve (broken line), the ilu- 
mination with lamps that have been in 
use. It will be seen that the theoretical 
curve lies between the two. From this 
it appears that the original calcula- 
tions were very close to the actual re- 
sults; the additional intensity shown 


VIII. 


This combination has been usually, 
and very rightly, condemned for gen- 
eral practice on account of the con- 
trast in color between the two sources. 
As the light of the electric lamps is 
orange in tint, and that of incandes- 
cent gas of a greenish yellow, the two 
are nearly complimentary colors, and 
thus exaggerate their difference in tint 
when used in juxtaposition. In the 
present instance, which involved the 
lighting of the office and other public 
rooms. of one of the older hotels, the 
principal object was to reduce the cost. 
The general illumination in the lobby 
was by bare 16-c.p. lamps studded 
about the panels of the ceiling. A 
broad staircase leads from the lobby 
to the second floor, and the newel posts 
at the landing and upper floors pro- 
vided with standards supporting 5 gas 
burners. As gas was still available 
throughout the building, it occurred to 
the writer that a satisfactory illumina- 
tion of the staircase at a considerable 
reduction in cost could be secured by 
the use of incandescent gas burners 
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FIG. 3.—CURVES OF DISTRIBUTION AND 
HORIZONTAL INTENSITY. 


with the new lamps might be easily 
accounted for by additional light from 
other sources, as well as the general 
reflection from the walls and ceilings, 
and it would be expected that the illu- 
mination would fall somewhat below 
the theoretical value with lamps that 
have been some time in use. 


COMBINATION OF INCANDESCENT GAS WITH ELECTRIC LIGHT 


on the newel post standards. The 
writer was aware that, a number of 
years ago, the Holophane Glass Com- 
pany had placed on the market a series 
of globes for incandescent gas burn- 
ers made of a special glass having a 
light salmon-pink tint. These were 
made for the special purpose of har- 
monizing the color of incandescent gas 
light, with that of the incandescent 
electric lamp. Upon inquiry, it was 
found that the company still had a few 
of these globes in stock, and they were 
therefore brought into use, 7-inch 
spheres being specified. The result 
was highly satisfactory from the color 
point of view, as the difference was not 
sufficient to be noticeable to the ordi- 
nary observer. The additional absorp- 
tion of these tinted globes is very 
small, as the color is thoroughly trans- - 
parent. 

In view of the success of this experi- 
ment it seems rather curious that these 
tinted globes never found any consid- 
erable market and were finally with- 
drawn entirely by the manufacturers. _ 
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PRIVATE SUITE: PARLOR. 


‘The Illumination of the Hotel Belmont, 
New York City 


The Hotel Belmont may fairly be 
described as the first “skyscraper” ho- 
tel to be erected. As the illustration 
used as a frontispiece shows, the build- 
ing has twenty stories above ground, 
and there are four stories under- 
ground. The Subway runs. through a 
corner of one of these lower stories, 
there being one story still beneath the 
Subway level. This entire subterra- 
nean space was excavated from the 
solid rock. 

The -exterror sarchitecture 1s sof a 
non-committal character, little attempt 
being made at decoration, or carrying 
out of any particular architectural 
type, what little attempt there is in this 
direction follows classic lines. The 
general interior architecture is char- 
acterized by the same simplicity and 


freedom from ostentation and attempts 
at gaudy decorative effects. 

The lobby, shown on the front cover, 
is nearly square in plan, and two sto- 
ries in height, with a mezzanine or gal- 
lery running about three sides. The 
lighting of the lobby is by means of 
massive lanterns suspended from the 
centers of the ceiling panels, as shown 
in the illustration cover, and in de- 
tail in Fig. 1. These lanterns have 
one peculiarity of construction: the 
lamps are all on the outside. In place 
of the transparent glass windows usu- 
ally provided, the spaces are filled up 
with strips of mirror glass. The im- 
ages of the lamps seen in these mir- 
rors give the effect of lamps within 
the lantern. The central lantern is 
supplied with eighty 16-c.p., 2%4-inch 


FIG. 2.—READING ROOM ADJOINING 


LOBBY. 
round frosted lamps. The 
four smaller lanterns sus- 


pended at the corners of the 
central panel are of similar 
design, but support thirty-six 
lamps of the same size and 
shape. In addition to this 
lighting, cove lamps were pro- 
vided to furnish “concealed 
light” on the ceiling within 
the -panels; but it has been 
found necessary to use them at 
least on ordinary occasions. The en- 
tire ceiling is of light stone color, and 
penciled off to represent masonry, the 
beams being apparently supported by 
sculptured brackets, as shown. In ad- 
dition to the light from the lanterns, 
the pillars are furnished with side 
brackets, each supporting nine 2¥4- 
inch spherical frosted lamps. These 
brackets are of handsome design, as 





FIG. 3.—LADIES’ PARLOR. 


shown in Fig. 2, the crown and sup- 
port being of bronze, and the standard 
covered with maroon velvet, with a 
tassel at its junction with the crown. 
The space under the mezzanine on 
either side of the lobby is used as a 
reading room, and is lighted by means 
of bronze lanterns containing ten 16- 
c.p. lamps, and side brackets of the 
same pattern as those in the lobby. 
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FIG. 4.—LARGE LANTERN IN LOBBY. 


A hallway running the full height 
extends from the lobby to the restau- 
rant on the Forty-first street side of 
the building. The elevators are located 
in this.hallway, directly opposite the 
Fourth avenue entrance. Lanterns of 
the design shown in Fig. 4, are sus- 
pended from the ceiling of this hall- 
way. In addition to the lanterns, in- 
candescent lamps are placed in the 


dental course surrounding the central | 


and three-light side 
round frosted 


ceiling panel, 
brackets carrying 3 


lamps are placed between the elevators. 


The restaurant at the end of the 
hallway is of full two-story height, 
flanked on three sides by the mez- 
zanine. The ceiling contains a large 
central panel with three smaller panels 
on each side. The walls and ceiling 
are frescoed in light tints, the prevail- 
ing color scheme being cream color, 
light blue, and gold. From the central 
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panel a massive crystal chandelier is 
suspended, as shown on page 504. This 
is plentifully supplied with 16-c.p. 
lamps, the exact number of which we 
were unable to ascertain. In each of 
the six side panels of the ceiling there 
is a crystal fixture having the general 
form of a bowl, attached to the ceiling. 
Brackets, also of crystal, are attached 
to the side walls. These brackets con- 
tain small, clear, round lamps, fitted 
with star-shaped glass shades. The 
effect of these brackets is very pleas- 
ing, the brilliancy of the bare filaments, 
caught up and reflected by the star- 
shaped shades and cut-glass orna- 
ments, suggesting the sparkling of 
diamonds, or twinkling of stars. 
Adjoining this dining room at a 
right angle is another dining room 
called by the management “The Gar- 
den.” This is also of two-story height, 
and decorated in the style of Louis 
XIV. There is a central dome in the 
ceiling, frescoed in color, while the 
remaining decorative effect depends 
upon the use of the characteristic de- 





FIG. 5.—WRITING ROOM ON MEZZANINE. 
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FIG. 6.—BUFFET. 


sign of the period, in cream color and 
eold. “Lamps are set, mothe sdentar 
course surrounding the dome, while 
from the panels on either side crys- 
tal chandeliers, of the general design 
of those in the restaurant, are sus- 
pended, as shown on page 504. The 
“Garden” is reached by a_ hallway 
leading off of the longer hallway pre- 
viously mentioned nearly opposite the 
Fourth avenue entrance. This hall- 
way is lighted by side brackets of the 
type used in the lobby. Where there is 
not wall space to attach the side brack- 
ets, the same design is worked into a 


FIG. 7.-—-CAF EA 


standard, of which there are 
several in the hallways. 

The mezzanine is reached 
by a broad stairway located at 
the Fourth avenue entrarice. 
The portion about the lobby 
is used for writing and read- 
ing rooms, and is lighted by 
three-light sidé brackets 
equipped with three-inch 
round frosted lamps, as shown 
in Fig. 5. The portion flank- 
ing the restaurant is lighted 
with a_ specially designed 
crystal wall fixture, which con- 
sists of a projecting shield composed 
of cut-glass prisms and jewels, be- 
hind which are placed three 16-c.p. 
lamps. From this mezzanine, stair- 
ways lead to the second floor proper. 
These stairways are lighted by large 
bead-work spheres. 

The Ladies’ Parlor is located on the 
Fourth avenue side of the second 
story, and is shown on page 502. The 
lighting here is by ceiling fixtures: of 
crystal, and side brackets, also of crys- 
tal—each supporting five opal glass 
“candles,” tipped with frosted lamps. 














THEY ILLUMINATING ENGINEER: 507 


The buffet and café are located in 
the basement. The former is a square 
room with low vaulted ceiling, fin- 
ished in light buff, with a wainscoting 
of light gray oak running about the 
four walls. The illumination is by 
wrought-iron fixtures suspended from 
the points of the arches, each fixture 
supporting eight 6-inch Holophane 
globes, and side brackets on the col- 
umns. In the café, the illumination is 
entirely by side brackets of wrought 
iron, each supporting three 3-inch 
frosted spherical lamps in an upright 
position. These two rooms are shown 
on page 506. This concludes the list of 
rooms for the general use of the 
guests, there being no special dining 
or assembly rooms. 

The guest rooms are illuminated by 
both. central - chandeliers. and: side 
brackets, the general type of chande- 
delier having the form shown on page 
502, which is a view of one of the par- 
lor suites. The finish is of Flemish 
brass, and on both brackets anc chan- 
deliers the lamps are in a pendant posi- 
tion, and covered with frosted glass 
shades. All rooms, whether large or 
small, are supplied with a central chan- 
delier containing from three to scven 
lights according to the size of the room. 
There is likewise in every room, a 
bracket on each side of the dresser, 
another near the head of the bed, and 
a two-light bracket immediately above 
the mirror over the washbowl. Closets 
are also provided with lamps iu the 
ceiling. In the hallways, the lighting 
is by pear-shaped globes of frosted 
glass, supported by a metal fixture 
placed against the ceiling and contain- 
ing a single incandescent lamp. ‘The 
ceilings of the hallways are cream 
color, the side walls of a light neutral 
tint, and woodwork, dark mahogany, 
and the carpeting of a dark green 
shade. 

From the above description of the 
fixture installation, and from the il- 
lustrations given, it will be seen that in 
no case has an attempt been made to 
produce unusual or scenic effects. The 


sole purpose of the architect was ap- 
parently to furnish adequate illumina- 
tion, both as to quality and intensity, 
by the use of fixtures designed to har- 
monize with the general scheme of 
architecture and decoration. In gen- 
eral, the results afford very little op- 
portunity of criticism from the stand- 
point of the illuminating engineer. 
There is a plentiful use of spherical 
frosted lamps, which produce an illu- 
mination that is soft and agreeable to 
the eyes, although not in the most 
economical manner; but this is plainly 
a case in which economy is not of pri- 
mary importance. The illumination, 
with one exception, is sufficient in 
every case, without being excessive. 
In several instances more illumination 
was provided than it has been found 
necessary to use. 

The illumination provided for the 
guest rooms is especially worthy of 
praise. By the combination of side 
brackets, centra! chandeliers, and table 
lamps, it is possible for a guest to ar- 
range the illumination exactly to suit 
his tastes and needs. The brackets on 
each side of the mirror provide an 
ideal light for dressing; the central 
chandelier gives general illumination, 
while the table lamp and side brack- 
ets afford particularly good illumina- 
tion “for reading; » even. for* those 
addicted to the habit of reading in 
bed. 

In only one respect is there occa- 
sion for serious criticism, and that is 
in the lighting of the hallways of the 
guest room floors. The fixtures in 
this case obscure the downward light 
so as to leave the floor in perceptible 
shadow, while giving the maximum 
intensity about the height of the tran- 
soms, through many of which the light 
can shine directly into the rooms. The 
latter, however, is mitigated some- 
what by the low intensity of the light, 
even in this direction. 

Taken as a whole, the fixture equip- 
ment is in excellent taste, and does 
credit to the designers, the Sterling 
Bronze Co., of New York. 
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on I[lluminating Engineering 


ll) Sh AWS! OR LIGHT 


By iad: 


Under certain conditions light be- 
haves in a certain definite way, and 
the manner of its behavior under 
these conditions is commonly referred 
to as a “law.” There are a number 
of these laws which form an important 
part of the basis of Illuminating En- 
gineering, and with which we must 
therefore become familiar. 

First Law. Through a given 
medium light travels in straight lines. 

By a “medium” is meant simply 
that through which a light passes, 
which may be any transparent sub- 
stance. Air and glass are the only 
media with which we need to concern 
ourselves. A beam of light from a 
_ search-light is a familiar illustration 
of this law, while the straight lines 
of projected shadows is another com- 
mon example. 

Sreconp Law. Light radiates im 
every direction from its source. 

This law is commonly stated in text- 
books substantially as follows:— 
“From a given source, light proceeds 
equally in all directions.” The mis- 
conception of this statement of the 
law has perhaps led to more mistakes 
and incongruities in the use of light 
than any other single error, and it 
will, therefore, be well to study the 
matter carefully in order to avoid fail- 
ing into the same erroneous conclu- 
sions. The source of error in the text- 
book version is in the statement that 
“light proceeds equally in all direc 
tions from a source.” This would be 
true if the source of light were a 
point, but a point being defined as 
“that which has neither length, breadth 
nor thickness,” it is evident that no 
actual light-source can fulfil these 
conditions. Points exist only in the 
imagination; and while they are ab- 
solutely necessary as conceptions for 
purely mathematical work, they must 
not be confounded with the actual 


Reno: 


surfaces which form the real light- 
sources with which we have to deal. 
Such luminous surfaces give out light 
in all directions, but with a greater or 
less degree of inequality in different 
directions, depending upon their size 
and shape. Take, for example, the 
ordinary flat gas or oil flame. If you 
look at the flat side of the flame, you 
will evidently get a stronger light 
than if you look at the flame edge- 
wise. Again, take the case of the in- 
candescent electric lamp. ‘The source 
of light is the surface of the carbon 
filament, and this surface may be con- 
sidered equally luminous at every part. 


FGsee ue 
SIDE VIEW OF 
LAMP FILAMENT. 


PIGs2; 
“END-ON” VIEW OF 
SAME FILAMENT. 


The intensity of light from the fila- 
ment will then, as in the case of the 
gas lamp, depend upon the direction 
in which it is taken. Thus, taking 
the ordinary “oval anchored”’ filament 
lamp, and holding it so as to look at it 
sidewise, the filament appears as in 
Figure 1. If you turn the lamp so as 
to look at the tip end of it, the fila- 
ment appears as shown in Figure 2. 
A much greater surface of filament 
is visible in the first position than there 
is in the second, and as a consequence 
a stronger light is given out in the 
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direction shown in Figure 1. In other 
words, the lamp gives out a stronger 
light in the horizontal direction than 
it does through the end. In various 
other positions it would give out cor- 
respondingly varied intensities. There 
is nothing at all mysterious or intri- 
cate about this simple fact of light- 
sources distributing their light un- 
equally, and it is rather remarkable 
that the fact should have so long been 
overlooked in the application of light 
to illumination. It is only very re- 
cently that the matter has received the 
importance due to it, and is still very 
inadequately understood and appre- 
ciated by the majority of users. It is 
still customary to give the light-power, 
or “candle-power” of a source by the 
measurement of the light given out in 
one direction. This and other con- 
siderations of the manner in which 
light-sources distribute their rays will 
be more fully discussed when we come 
to the measurement of light; mean- 
while, let it be fixed in the mind thai 
light-sources do not give out their rays 
equally in all directions. 

Tuirp Law. The intensity of light 
varies inversely as the square of the 
distance from the source. 
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FIG. 3.—LAW OF INVERSE SQUARES. 


This is the familiar “law of inverse 


squares’—a law which not only: ap- 


plies to light, but also a great many 
other natural phenomena. The mean- 
ing of the law can best be understood 
by the use of a diagram. In Figure 
3, suppose the light source placed at 
L, and suppose a surface placed four 
feet away, as at 4; a certain amount 
of the rays will fall upon this surface, 
and will illuminate it with a corre- 


sponding intensity. Now, if there be 
another surface eight feet from the 
source, represented at B, it would be 
found that the shadow cast by the sur- 
face A upon the surface B, would 
have just four times as great an area 
as the surface of A—or, what is the 
same thing, if the surface A were re- 
moved, the light which fell upon it 
would cover four times as great an 
area upon the surface B, which is 
twice as far from the light-source. 
Since the same quantity of light falis 
upon four times as much surface, it 
is evident that the illumination of the 
surface would be only % as bright; 
1. €., at twice the distance, the intensity 
or brightness of the light is 4 as 
great. In the same way it can be 
shown that at three times the dis- 
tance, the intensity would be 1/9, and 
so on. It will be seen that as the dis- 
tance grows greater, the intensity 
crows less, which is the meaning of 
the expression, “varies inversely”; 
and further, that the number repre- 
senting the fractional part is the 
square of the number representing the 
distance. . 

Strictly speaking, this law holds true 
only when the source of light is a 
point; this means that it is:never ab- 
solutely true in practical cases. The 
error diminishes with the distance 
from the source, and as in most prac- 
tical cases the distance of the illu- 
minated surface is large compared 
with the size of the source, the error 
is trifling. With some of the newest 
light sources, however, such as the 
Moore Vacuum Tube Light, and the 
Mercury Vapor Lamp, the size of the 
source is sufficiently large to very ma- 
terially modify the application of the 
law. Another point to be remembered 
in connection with it is, that it is un- 
derstood always that the intensity of 
the light is to be taken on a surface 
perpendicular to the rays. If the sur- 
face is inclined it can be very readily 
seen that the conditions would vary. 
Thus, in Figure 4, the light which cov- 
ers the surface C, at right angles to 
the rays, would cover the surface D, 
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which is much larger, having an in- 
clination to the rays. The exact law 
of this difference requires the use of 
higher mathematics, and we will there- 
fore omit it. | 

FourtH Law. When light passes 
from one medium into another, it 
changes its direction at the dividing 
surface between the two. 

This change of direction is called 
Refraction. The appearance of a post 
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FIG. 4.—DECREASE OF ILLUMINATION ON 
INCLINED SURFACE, 
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standing in water of being broken or 
bent at the surface is due to this law. 
A full statement of the law requires 
the use of higher mathematics, and 
its application is not of sufficient im- 
portance in practical illuminating en- 
gineering to render a further discus- 
sion necessary. 

FirrH Law. Whenever light fails 
upon the surface of a body a portion 
of the rays are reflected: the direction 
of these reflected rays is such that the 
angle of reflection ts equal to the angle 
of incidence, and in the same plane. 

_ The various facts referring to reflec- 
tion are among the most important in 
the whole subject, and therefore re- 
quire careful study. Again, we may 
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FIG. 5.—LAW OF REFLECTION. 


best explain the meaning of the law 
by reference to a particular case. 
Suppose MN Figure 5 is a surface, 
and a ray of light falls upon it from a 
source S in the direction SP. Imagine 
a line at P, perpendicular to the sur- 
face. The angle SPO is the angle of 


incidence. Now, the law states that 
this ray will be reflected in a direction 
PL, such that the angle OPL shall 
equal the angle SPL: the angle OPL 
is the angle of reflection. Further- 
more, the law states that these two 
angles are in the same plane, 7. e., a 
plane based through the perpendicular 
OP and the incident ray SP will also 
pass through the reflected ray PL. 
If difficulty is found in conceiving the 
relative positions of these lines, planes, 
and angles, the use of a sheet of paper 
to represent a plane, upon which the 
lines or directions of rays may be 
drawn, will assist in making the mat- 
ter clear. It will be noted that the 
angles are measured, not directly with 
the surface from which the reflection 
takes place, but with a line drawn per- 
pendicular to that surface at the point 
where the rays strike. This is alwavs 
understood, and is done for mathe- 
matical reasons. Furthermore, _ it 





FIG. 6.—REGULAR REFLECTION. 


must be understood that the state- 
ment of the law given is mathematical, 
1. @., it applies to single rays of light 
striking plane (smooth), surfaces. 

In actual practice, however, plane or 
smooth surfaces are less frequently 
met with than irregular or rough sur- 
faces, and we do not, except for pur- 
poses of pure mathematics, deal with 
rays of light, but with beams or quan- 
tities. While all of the effects of re- 
flection result from the single law 
stated, the results are often apparently 
very different from what would na- 
turally be expected. 

Let us first examine the case of re- 
flection from a plane surface. Sup- 
pose such a surface be represented by 
the line XY in Figure 6, and assume 
that light rays fall upon it in different 
directions, as from a source placed at 
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L. Applying the law to each separate 
ray, we find that their direction after 
reflection will be as shown. Exam- 
ination of the reflected rays will now 
show that their directions relative to 
one another have not been changed, 
1. €., if they were parallel before re- 
flection, they remain parallel after re- 
flection, or if they were at an angle to 
one another before, they will have the 
same angle after. Without. going 
further into details, it may be stated 





FIG. 7.—IRREGULAR REFLECTION. 


that it is such reflection as this that 
produces images of objects, such as 
are seen in a mirror. 

Now let us see what will happen if 
the surface is rough. Roughness sim- 
ply means that the surface is covered 
with more-or less minute elevations 
and depressions. A line drawn across 
such a surface might be as shown in 
Figure 7. Now suppose rays fall 
upon this surface as in the previous 
example. Each ray may strike a dif- 
ferent small surface, and at a different 
angle, and will be reflected from the 
small surface which it strikes in ac- 
cordance with the law given. It is 
evident that the reflected rays will 
have varying directions relative to one 
another due to the varying angles of 
the surface from which they are re- 
flected. The total result of a beam of 
light falling on such a surface there- 
fore, would be to scatter it in all di- 
rections after reflection. The two 
cases may be clearly shown by let- 
ting a beam of light fall upon a mir- 
ror, in which case the light will stil! 
retain its original form of path after 
reflection, the direction only being 
changed; then let the same beam of 
light fall upon a rough surface, such 
as a sheet of white paper, and the re- 
sult will be a scattering of the light in 
every direction from the surface. 


Light thus scattered, 7. e., composed 
of rays traveling in all directions, is 
called Diffused light. 

From the two cases given, it will 
be seen that, so far as their reflecting 
quality is concerned, all surfaces may 
be divided into two classes, which 
may be termed Regular and Irregular, 
or Smooth and Matt. 

Reflection from regular or smooth 
surfaces may accordingly be termed 
Regular Reflection (also sometimes 
called Specular reflection), and that 
from rough, or matt surfaces, Ir- 
regular or Diffuse reflection. 

No actual surface is theoretically 
regular, or plane. The surface of siti] 
water, and of the best polished mir- 
rors approximates it to a high degree; 
but if it could be made absolutely 
plane, it would be impossible to see it. 
On the other hand, no surface is per- 
fectly matt. By a perfectly matt sur- 
face is meant one which would re- 
flect a beam of light falling upon it 
equally in all directions. As a matter 
of fact, all surfaces produce some 
regular reflection, 1. e., they will re- 
flect somewhat more light in a regular 
way than they do in a diffused way. 
Thus, even the surface of white plas- 
ter or unglazed porcelain gives soime 
regular reflection. A surface is pol- 
ished or “shiny” to the extent to which 
it gives regular reflection, and even 
the plaster or porcelain surfaces men- 





FIG. 8.—REGULAR AND IRREGULAR REFLECTION. 


tioned will appear slightly shiny in the 
line of direct reflection. 

The cause of the shiny appearance 
on surfaces may be easily explained Ly 
a further consideration of the cases 
just described. Referring again to 
Figure 6, a perfectly matt or rough 
surface would have the same number 
of small surfaces at every possible an- 
gle, and such a surface would, there- 
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fore, reflect a beam of light dalling 
upon it equally in all directions; but 
suppose now that the tops of the pro- 
jections are flattened down, or ground 
off, as represented in Figure 8; then 
each one of these flattened tops will 
reflect. Jight like a plane surface;..¢., 
will give regular reflection, and if 
looked at in the line of direct reflec- 
tion will appear bright or shiny. The 
more the small projections of the gen- 
eral surface are flattened down in this 
way, the greater the amount of plane 
surface and of direct reflection, in the 
one direction, and hence the shinier 
the surface will appear. Even in the 
most unpolished, or matt surface, such 
as those mentioned, there ts a slight 
preponderance of these small surfaces 
in the same plane, and hence some di- 
rect reflection; and in the most per- 
fectly polished surfaces it is impossible 
to entirely remove the depressions or 
irregularities, and hence there is a!- 
ways some irregular or diffused re- 
flection. 

It was stated that when light falls 
upon a substance, a portion of it is re- 
flected, and the remaining portion ab- 
sorbed, by the body. The absorbed 
light is converted into heat. The ratio 
of the light reflected to the amount of 
light received, is called the co-efficient 
of “reflection.” T hus; 41.-halt of the 
light is reflected, the co-efficient of re- 
flection is .5. 
flection depends upon the following 
conditions :— 

The material of which the surface is 
formed ; 


The nature of the surface (degree 
of polish) ; 

The angle at which the light strikes 
the surface; 


The color of the light striking the 
surface. 

As any one of more of these condi- 
tions may vary, it will be seen that re- 
flection is a complex action. So far as 
illumination is concerned, however, 
these complexities need not be con- 
sidered to such an extent as to be con- 
fusing. 

We will consider the different con- 


The co-efficient of re-- 


ditions in the order given. We learned 
in the proceeding article that ordinary 
light is in the nature of a compound, 
being made up of rays of differen: 
colors. Different substances absorb 
different rays in the reflection of com- 
pound light ; thus, some substances will 
reflect the red rays very completely 
while absorbing nearly all of the other 
colors; in a similar manner other sub- 
stances will reflect a large proportion 
of the green rays while absorbing the 
red and other colors. Since we see 
things by the light which they reflect, 
it necessarily follows that substances 
which reflect only the red rays will ap- 
pear red, and those which reflect green 
rays, green, and so on for any other 
color or shade. It thus appears that 
the color of non-luminous bodies is en- 
tirely due to their peculiar powers of 
absorbing a part of the rays and re- 
flecting the others. All substances, 
however, reflect some of all colors, and 
also absorb some of each color. 


Difference in reflection due to the 
difference in the character of the sur- 
face“41s. a amattertamiliar.to. all 165 
example, a polishing surface will cause 
it to reflect a greater amount of light. 
It does not follow, however, that ail 
polished surfaces are uniformly better 
reflectors “than all. matt: surfaces, 
matt surface, which reflects all the 
color rays about equally well, 2. ¢, a 
white surface, may give as much total 
reflection as a highly polished surface 
of some other material. The surface 
of fresh white plaster, for instance, is 
practically as good a reflector as the 
ordinary glass mirror. 


In general, the more obliquely the 
light strikes the surface, the greater 
the amount of reflection. In the case 
of polished surfaces, the difference 
due to the difference in the angle of 
incidence is greater than in the case of 
unpolished surfaces. 


From the fact above stated, that dif- 
ferent substances absorb the various 
colors to different degrees, it must fol- 
low that the total amount of reflection 
from a given surface will depend upon 
the colors in the light striking it. 
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Thus, suppose a red surface, 7. e., one 
which reflects red light and absorbs 
the green; if only green light fell upon 
such a surface, it would be entirely 
absorbed, making the surface appear 
black, while if red light fell upon tt, 
it would be more or less completely re- 
flected, giving the surface its usual red 
color. 

The diffused reflection from the 
walls and ceilings of a room is an im- 
portant item to be considered in deal- 
ing with its illumination. In order to 
determine to what extent such reflec- 
tion should be taken into account, let 
us consider a theoretical case. Sup- 
pose a single light-source placed in a 
room: this source will give out its light 
in all directions, and every ray will 
reach some point on the surface of the 
walls; from this point it will be re- 
flected to some other point, from which 
it will be again reflected, and so on in- 
definitely until it is all absorbed. It 
can be demonstrated mathematically 
that the increase in illumination pro- 
duced by this reflection and re-reflec- 
tion of the rays is as represented in 
the following formula :— 

Increase of illumination equals one 
divided by one minus the co-efficient 


it 





Fellection of the walls... [ == 
1—C 

For example, if the walls reflected 

one-half the light, 2. e., if the co-efh- 


cient is .5, the increase in illumination 
I 


IY, 
i. e., the reflection from the walls will 
double the intensity of illumination at 
any given point in the room. 

In order to determine the actual re- 
sults of the reflection from walls and 
ceilings, therefore, it is necessary to 
know what portion of the light they 
reflected, or their co-efficient of -reflec- 
tion. This quantity may vary any- 
where from .1 to .8, according to the 
character of the decorations or wall 
coverings. While the formula given 
is mathematical, it is never possible to 
obtain any but approximate results, 
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due to this reflection will be 
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since, even the exact co-efficient of the 
walls were known, which is rarely the 
case, the effect of openings, such as 
doors, and windows, and surfaces of 
furniture, etc., would prevent any high 
degree of accuracy. The difference 
between walls having a light color, and 
a correspondingly high co-efficient of 
reflection, and those of a dark color, 
however, is sufficiently large to render 
the matter of importance. 
SUMMARY.—LAWS OF LIGHT. 

First Law. Through a given medium 
light travels in straight lines. 

Seconp Law. Light radiates im every 
direction from its source. 

The intensity in different directions va- 
ries on account of the varying shape of 
the luminous surface of the source. 

Tuirp Law. The intensity of ight varies 
inversely as the square of the distance from 
the source. 

This law does not hold strictly true when 
the luminous surface of the light source 
is large as compared with the illuminating 
surface. 

Fourtn Law. When light passes from 
one medium into another, it changes tts 
direction at the dividing surface between 
the two. 

Firth Law. Whenever light falls upon 
the surface of a body a portion of the rays 
are reflected: the direction of these reflect- 
ed rays is such that the angle of reflection 
is equal to the angle of incidence, and in 
the same plane. 

Reflection of light in general is either 
Regular or Irregular; regular reflection is 
that which forms images, or gives a shiny 
appearance to surfaces; irregular reflection 
is that which: scatters the rays in all direc- 
tions, giving a diffused illumination. Reg- 
ular reflection is also called Specular Re- 
flection, and irregular reflection, Diffuse 
Reflection. The word Diffusion alone is 
sometimes used to mean light irregularly 
reflected. 

The color of non-luminous bodies is due 
to their absorption of a part of the color 
rays, and the reflection of the others. The 
color of the body is the color of the rays 
reflected. 

The proportion of the light reflected to 
the total light received is called the Co- 
efiicient of Reflection. 

The amount of light reflected depends 
upon the material, the kind of surface, and 
the angle at which the light strikes. Least 
light is reflected when it strikes perpen- 
dicularly. 

The increase in illumination in a room 
due to reflection from the walls is found 
by the following formula: 

I 

Increase = 2 

1 — Coefficient of reflection 
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VAUXHALL BRIDGE, LONDON, LIGHTED WITH SELF-INTENSIFYING GAS LAMPS. 


Self-Intensified Gas Lighting 


SCOTT-SNELL SYSTEM 


By- CHARLES W FtAstiING>s 


In this article it is the intention of 
the author to treat of the arc system 
of Intensified Gas Lighting, but it will 
not be out of place to draw attention 
to the earliest efforts of the applica- 
tion of intensive burners for public 
lighting. 

The Denayvouze burners were used 
in 1896 with a forced air supply, and 
in 1898 the Welsbach Company intro- 
duced a system of intensified gas sup- 
plied under pressure to their burners. 
During the Paris International Exhi- 
bition, held in t900, the Paris Gas 
Company employed gas under pres- 
sure, using the Bandsept burners. In 
all some 4.676 mantles were in use and 
as many as ten mantles were grouped 
in one lamp. The duration of these 
mantles, working under very high 
pressure, was about forty-two days. 


First mention of the Scott-Snell 
system appeared in the Journal of Gas 
Lighting in August, 1900, but it was 
not until the middle of 1901 that any 
particular attention was paid to the 
system. ln: that year+ Mra Ce Scott 
Snell, the inventor, read a paper be- 
fore the Gas Institute, and exhibited 
his Self Intensifying Gas Lamp. 

All other systems that had been in- 
troduced involved a plant or equip- 
ment for the working of the compres- 
sor, causing considerable outlay and 
necessarily limiting the spheres of ap- 
plication. So far had this deterrent 
to the use of the various systems been 
recognized that Lecomte, a French 
gas engineer of great ability, invented 
a small water-injector, and fitted one 
to each separate lamp-post. Mr. Scott- 
Snell set himself to consider the selec- 
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tion of a force that he might avail 
himself of to operate any intensify- 
ing appliance; he very soon came to 
the conclusion that the utilization of 
waste heat was certainly obvious, and 
that in connection with gas lighting 
it possessed the advantage of costing 
nothing, and that neither shortness of 
water nor front would reduce its eff- 
ciency. 

The utilization of such thermal 
forces was, however, beset with diff- 
culties, and it did not appear to him 
that success would be achieved if they 
were harnessed to a motor for driving 
a compressor. Among the most prom- 
inent obstacles that presented them- 
selves were the necessity for govern- 
ing the speed and the pressure, the 
possibility of a dead center, troubles 
arising out of lubrication, vibration 
and minor obstacles, all of which as- 
sisted to make up a most difficult 
problem. | 

What was really needed was an ap- 
pliance that would receive the gas, at 
its normal pressure, and deliver it at 
an increased pressure of eight inches 
of water or more. 


(1) It must be operated by waste 
heat. 

(2) It must require no lubrication. 

(3) It must not have a dead center. 

(4) No fly-wheel, slide vaives, con- 
necting rods, packed glands, 
or friction-producing appli- 
ances. 

(5) It must be self-controlling. 

(6) It must be low in price, simple 
in construction, and easily 
adjusted. 

Mr. Scott-Snell could find no ex- 


istent motor by which the ideal condi- 
tions set out could be achieved, but 
he reasoned that any apparatus using 
heat as a motive power was bound to 
include a displacer movement, and 
also that when gas at two different 
pressures was involved—a low inlet 
and a high outlet pressure—check 
valves were essential. Huis experience 
taught him that by the movements of 
a displacer within a vessel heated at 
one end and cooled at the other, gas or 


air could be drawn in at one check 
valve and ejected at the other, pro- 
vided that some agency could be util- 
ized to operate the displacer without 
involving the use of the prohibited 
appliance already referred to. 

Such, then, was the groundwork 
upon which Scott-Sneil set himself 
to build his Self-intensifying lamp; 
some will consider, and _ especially 
those who had the opportunity of see- 
ing the lamps in operation, that the 
problem is very simple; but in these 
lamps a diaphragm, responsive to the 
variations of pressure, within the dis- 
placer chamber, had to be tntroduced ; 
and the direct attachment of displacer 
to a diaphragm. The weight of the 
displacer being taken by a spring in- 
volves a curious and complicated con- 
dition of circumstances. It was, of 
course, assumed that heat being ap- 
plied to the bottom of the vessel or 
container, expansion of the confined 
gas would take place and that the re- 
sponsive diaphragm would lift the 
displacer until all the gas collected be- 
low the displacer and against the hot 
lower plate. Apparently, then, the 
displacer is retained at the top of its 
stroke until the expansive action of the 
gas is exhausted, the pressure falling 
and the displacer coming down again. 
Such an action, we are told, would be 
too slow for practical purposes, and in 
the application under review does no 
obtain. . 

The general applications are shown 
in the diagrams. The conditions un- 
der which the apparatus operates are 
as follows: 

The vessel is charged with gas, one- 
half of which—the upper—is at a 
moderate temperature, say 80 degrees 
Fahr., the lower half being perhaps 
500 degrees Fahr.; such a state, Mr. 
Scott-Snell says, may be quite con- 
sistent with perfect equilibrium of 
pressure throughout all the gas in its 
vessel. It will also be consistent with 
a flow of gas entering at the inlet 
valve, going across the chamber, pro- 
ceeding to the outlet valve, and 
On --to’- an. incandescent -burner. or 
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elsewhere. But under such circum-: 
stances, the conditions of equilib- 
rium are very unstable; and the 


slightest movement of the displacer— 
either up or down—would, it is ob- 
vious, lead to a transfer of cold gas to 
the hot side or heated gas to the cold 
side, and this would be followed in- 
stantly by contraction or expansion, 
inducing an immediate change of 
pressure in the chamber. 

The accompanying diagrams will 
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FIG. 4. 
DIAGRAMS SHOWING ACTION OF “DISPLACER.’ 


Bb 


explain the action of the various parts 
of the displacer and diaphragm move- 
ments. Figure 1 shows a displacer 
chamber viewed when gas is passing 
through, but no heat applied; the dis- 
placer movement therefore produces 
no effect on the gas. Figure 2 shows 
the displacer at mid-stroke; Figures 3 
and 4 illustrate the conditions which 
follow movement after heat is applied. 
In Figure 5 is shown essentially the 
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conditions which obtain when a dia- 
phragm is attached to the displacer 
rod and made responsive to the varia- 
tions in pressure in the chamber. (In 
the present form no water jacketing 
is used. ) 

In order that the foregoing descrip- 
tion may be more clearly understood, 
we will assume the displacer to be 
slightly yet quickly lifted. As a conse- 
quence a quantity of cold gas is added 
to the heated section and caused to ex- 
pand; this expansion stops the inflow 
from the gas supply by reason of the 
rise of pressure, which acts upon and 
closes the inlet valve; it also causes a 
blow-out through the outlet valve, 
still more important in its effect on 





FIG. 5.—DISPLACER ACTING ON DIAPHRAGM. 


the diaphragm, which by its movement 
still further lifts the displacer and 
drives more cold gas down to the hot 
side. This, therefore, owing to ex- 
pansion, causes the initial lifting 
power to be reinforced, until a full 
stroke, or travel, is attained. As the 
gas, after passing the outlet-valve, 
goes to the pin-hole in the nipple, the 
rate of discharge to the atmosphere is 
comparatively limited, and pressure 
therefore increases rapidly in the in- 
tervening pipe and reservoir. 

At the start of the upward motion 
of the displacer the spring to which 
it is attached counterbalanced gravity, 
but towards the end of the upward 
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stroke the spring ceases to exercise the 
counterbalancing effect to any great 
extent; infact a point is: reached 
where the loss of assistance from the 
spring exactly equals the lifting pow- 
er on the diaphragm; this would, in 
practice, mean stoppage and be equiv- 
alent to the “dead center’; but the 
momentum of the displacer comes into 
play and causes the travel, or stroke, 
to extend beyond the critical counter- 
balancing position. The diaphragm 
was in a position, at half-stroke, to 
give the maximum lift, but its effect 
rapidly diminishes as it blows out, so 
that as the displacer lifts, not only 
does the counterbalancing effect of the 
spring become more feeble, but the 
effective area of the displacer, once in 
motion, will always travel beyond the 
point of equilibrium of the various 
forces, on account of its momentum. 
The reaction—when the momentum is 
exhausted—due to gravity, and the 
displacer naturally tends to fall back 
to such a point that the effective area 
of the diaphragm, multiplied by the 
pressure in the vessel, counterbalances 
the gravity effect, or such amount as 
the spring fails to sustain. When the 
displacer commences to fall it also be- 
gins to transfer a part of the heated 
gas below it to the cold section above 
it; thus starting condensation and 
rapidly reducing pressure until a par- 
tial vacuum is set up, which increases 
in intensity as the displacer falls. An- 
other result is that the condition of 
partial vacuum set up by the depres- 
sion of the displacer, is the causing of 
a rapid inflow of gas through the 
inlet-valve, which quickly overcomes 
the vacuum and relieves the dia- 
phragm of atmospheric pressure. 

The displacer on its downward limit 
is therefore subject to the following 
conditions: 

There is no downward force on the 
diaphragm. ‘The inflow of gas, at the 
pressure of the gas-main, tends to lift 
it; the spring being normally com- 
pressed also tends to lift the displacer 
back to mid-stroke. All forces have 
therefore become reversed in direction 
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and a lifting power is in operation. 
The movements result in a reciproca- 
tion of the displacer at the rate of 
120 cycles—up and down movements 
—per minute. 

The peculiar action of the flexible 
diaphragm is illustrated in Fig. 6. 
The momentum causes the diaphragm, 
after blowing out in a spherical shape 
(1) to assume a conical shape (2), 
which is, of course, contrary to its 
condition of equilibrium under pres- 
sure. In the attempt to reassume a 
spherical shape it draws the displacer 
downwards (3). Pressure on the 
diaphragm therefore not only causes 
the displacer to be driven to the full 
extent of the up-stroke, but also part 
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FIG. 6.—ACTION OF DIAPHRAGM. 


of the way in the reverse direction. A 
spring is arranged under the bridge, 
carrying the displacer sustaining 
spring, in order to admit of an adjust- 
able check to the momentum and to 
start a rapid downward action in the 
event of the diaphragm being so 
stretched or slacked that the cone 
shape is not reached when the dis- 
placer has attained its full stroke. 
The apparatus, which we have de- 
scribed at such length, constitutes a 
reciprocating engine; not the least ad- 
vantage, of such an engine, is that the 
rate of reciprocation is in accordance 
with the size of the gas-pipe. A lamp 
may have but one burner, the “engine” 
working at the rate of 120 cycles per 
minute, but if three nipples be used, 
as for a cluster of burners, the lamp 
will operate with greater rapidity, 
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delivering three times the volume of 
gas, and, consequently, it will have the 
waste heat from three burners to en- 
ergize it. 

The description given of displacer 
and diaphragm, which practically con- 





FIG. 7.—FORM OF LANTERN USED WITH 
SCOTT-SNELL LAMP. 


Stituites othe <enSines wate ile a sence 
measure the same as those used in the 
present “Improved Scott-Snell Lamp,” 
other patents have been taken out, and 
many minor improvements made, but 
the principles are the same. 

it will now be our pleasure to call 
attention to recent developments of 
self-intensified gas lighting by means 
of the Improved Scott-Snell lamp; a 
specially constructed lamp now in very 
general use is illustrated in Figure 7, 
and the air-cylinder in engine, Fig. 8. 
In the remarks we have made about 
the earlier lamps, it will be noticed that 
the “engine” was operated by the gas 
itself, but to-day the increased pres- 
sure is given to the air supply before 
its admission, first into a reservoir and 
then to the burner or burners. . 

In the Improved Scott-Snell lamps 
which have been recently set up in 
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several parts of London, and particu- 
larly on the Vauxhall Bridge, a fine 
new bridge across the Thames, 80 feet 
wide with a 50-foot roadway and two 
15 feet sidewalks. The bridge is 
lighted by sixteen lamps, which deliver 
automatically, and at no cost for pow- 
er, air at a pressure of something over 
one pound to the square. inch, and so 
intensifies combustion. The lamps are 
fitted with burners giving an illumi- 
nation of 600 candle-power. ‘The sys- 
tem in its earlier stages has been 
described at considerable length, but it 
will not be out of place to briefly de- 
scribe the newer form. The action is 
due to the movement of a displacer 
vertically oscillating in a cylinder, 
Fig. 8, placed in the lamp, whereby 





FIG. 8.—AIR CYLINDER AND ENGINE. 


the arc end is heated whilst the other 
is freely exposed to the atmosphere 
and is comparatively cool. The dis- 
placer is suspended by a spring and its 
starting and continuous movement is 
automatic so long as the heat is main- 


THE ILLUMINATING. ENGINEER. 519 


tained. This is effected by sealing the 
upper end or mouth of the cylinder 
by a leather diaphragm. The reasons 
for initial movement, we have fully 
described, they are the applications of 
scientific principles, which have been 
but little appreciated, applied in a par- 
ticularly simple manner; in fact, an 
inlet-valve communicates with the at- 
mosphere, an outlet-valve connects to 
a reservoir and thence to the burner, 
and in these are constituted the whole 
equipment of the self-intensifving gas 
lamp. 

The capabilities of these lamps are 
really very considerable. They will 
deliver to one pound per square inch, 
at each stroke, and maintain a speed 
of 90 strokes per minute so long as 
the lamps are burning. 

The question naturally will be ask- 
ed, how is the high efficiency of the 
burner maintained? It is due not 
merely to the powerful air-jet sup- 
plied, but also to the manner of its 
application. The nipple delivers the 
compressed air in a central stream of 
very high velocity; around this rises 
an annular stream of gas of medium 
velocity, and outside of this again the 
indrawn Vortex flows at a still 
lower speed. “Vortex Rings’—the de- 


light of cigar smokers—are formed in 
a most rigorous manner, and the inter- 
mixture of “intensified” air, coal gas 
and atmospheric air is thoroughly en- 
sured. 

In reference to the “economies” of 
self-intensifying gas lighting, we 
might draw attention to the same fig- 
ures which were given in a paper 
entitled “Extracts from a Photome- 
trist’s Notebook,” read by Mr. James 
Foreman before the North of England 
Gas Managers’ Association last April 
The lamps referred to in the table are 
thus described: 

(ryescott-Snell lantern, —just...as 
sold, running at a pressure of 1-6 
inches, consuming 17-5 cubic feet per 
hour, giving a mean hemispherical 
candle power of 560 candles, a duty 
of 32 candles per foot, and a cost of 
only 0.9375d. per 1,000 candle hours. 

(2) Welsbach self - intensifying 
lamp, sold with a reflector as 600 can- 
dle power nominal, running at 2.8 
inches pressure, gave a light varying 
from 615 candles, a mean hemispheri- 
cal candle power of 452, a duty of 
23.8 candles per foot, and a cost for 
1,000 candle hours of 1.26d. 

(3). Lucas Lamp of the 20 feet per 
hour pattern, run at 3 inches pressure, 





Serr-INTENSIFYING GAs Lamps Reourrtnc No Auxitiary PRESSURE APPARATUS. 


Scott-Snell 


Welsbach 


Self-Intensi- Lucas Lamp, 20 


Lamp. fyineslLanpes Cre. per tour, 
with Reflector. 

Bee Greret mea ieee eee cen cess 29.5 inches 29.8 inches 29.7 inches 
‘Ebermometer) (quality, 16°. \p.).. os... 60 deg. Fahr. 59 deg. Fahr. 56 deg. Fahr. 
Anta) Men Re Rte nek nia kOe wee 16.33 candles 16.08 candles. 16.1 candles 
GalGciier pow Cre WAG NER ee a acer a eS 616 Bees (OOsebs te Ue e620 Boel aU, 
Pressure in iichies of waters ys... e0 so 1.6 2.8 3.0 
Corrected gas consumption in cubic ft. 

(UC ta tga eenac keh Wok sacle sels Hearne = 8 [75 19.0 23.5 
@andlietpower HOrizontal arora ee has 718.0 615.0 715.0 
8) aCe (URS SPCOE acc Sater Sata ee 647.0 575.0 750.0 
GE CS aa Sx Meta ier bee ea oes 678.0 543.0 660.0 
BOVE Ons One irnic atts WAI a ss) sichere «2°04 00% 612.0 473.0 548.0 
WONG Gere SO 2 ae a a ae ee 538.0 420.0 505.0 
OS Gee Sy 9a A Cun pe PERE a » 497.0 360.0 416.0 
G1 Cte Sime, cae ane Ee Een ee 397.0 280.0 256.0 
ho. MACE? DNS ies Coole Ae oe aC a ee 335.0 210.0 104.0 
Soy G ae SE es AA te a AO ea 0.0 190.0 30.5 
OOM Cc Cee erate tri wake ie Sane ee gst 0.0 175.0 28.0 
Mean hemispherical candle-power....... 560.0 457.0 522.30 
Candles per c. ft., a mean hemispherical 
candle-power ...... NS SRS eee are 37.0 228 22.31 
Cost of gas only for 1,000 hours; gas at 

Ze Oe WER ET OOO CO Mibn. sul race ic etre wi 3s 0.9375d. 1.26d. Feosd. 
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gave a mean hemispherical candle 
power of 522.3, a duty of 22.21 can- 
dles per foot, and a cost of 1.35d. for 
1,000 candle hours. 


It will be seen that the Scott-Snell 
lamps are essentially dependent upon 
their own mechanism, without aid 
from abnormal supply pressures to ob- 
tain the above results. It is also dif- 
ferentiated from all others as supply- 
ing moving parts, being, in fact, an en- 
gine, but without any drawback on 
that score. The system has been put 
forward in this country (Great Brit- 
ain) to fight the battle for gas as 
against electricity, and an extensive 
installation has been set up in one of 
London’s most important thorough- 
fares—Oxford street. The relative fig- 
ures came out distinctly in favor of 
the Scott-Snell lamps. We have al- 
ready mentioned that these lamps have 
been chosen for the illumination of 
the new Vauxhall bridge. These are 
two instances which are being closely 
watched by all illuminating engineers. 
The results are eminently satisfactory, 
although the author is not able, at 
present, to include precise figures. 
The Oxford street district, which is 
under the control of the Lighting 
Committee of the Marylebone Bor- 
ough Council, will be ighted, when 
complete, by about 200 lamps; the 
tenders for this work are interesting 
and the figures are as follows: 


Electricity Installation, 
($16.512). 

Gas Installation, Improved Scott- 
Snell Lamps, £1.566 ($7,516.60). 

Lighting 2c. -Electricity, £1.785 
($8,572.80). 

Lighting 2c. Gas 1.681 ($8,068.80). 

Many other installations have been 
carried out in the provinces. The Im- 
proved Scott-Snell Lamp is explicated 
by the licensees and manufacturers, 
Messrs. D. Anderson and Company, 
Ltd., of Farrington Road, London, 
BeC. ahocland.) 

It will be interesting to conclude 
this article with a few remarks made 
to us by Mr. Scott-Snell; he is at the 
present time engaged upon an appa- 


£3.440 


ratus for “setting up” gas pressure for 
internal use where a large number of 
lights are required, of comparatively 
small size, the Self-Intensifying Lamp 
being designed for use where larger 
units of light are required. We can- 
not, at present, give full details, but 
may in some future article describe 
and illustrate the new apparatus which 
is unique, inasmuch as the gas 1s m- 
creased in pressure unthout a single 
mechanical moving part. Mr. Scott- 
Snell is also perfecting in his labora- 
tory some important advances in low 
pressure, gas supply to ordinary pur- 
poses. He is of opinion that gas light- 
ing contains potentialities which will 
when fully investigated place gas, even 
in countries where electricity appa- 
rently holds almost undisputed sway, 
in a premier position as a dividend- 
earning agent. The advances already 
made are fairly ratifying to “the man 
in the Street,’ but to the scientific, 
analytical mind the progress, he thinks 
is alt too slow. In these days com- 
petition is very keen, and since the 
flame arc lamp is so much in vogue, it 
will give to gas improvements a pow- 
erful impetus; gas will be more scien- 
tifically used, 

Mr. Scott-Snell speaks with au- 
thority; he was associated with the 
earliest electric lighting undertakings 
in london, andy had= -charee of mute 


_Jablochkoff electric lighting installa- 


tion on the Thames Embankment— 
the first thoroughfare in London, if 
not in Great Britain, lit by electricity. 
He was also one of the earliest practi- 
cal men connected with the exploita- 
tion of the Welsbach mantle and in 
the service of Messrs. Woodhouse & 
Rawson he made numerous experi- 
ments in burners, and devised, what 
has proved to be the basis of all sub- 
sequent burners—a small body and a 
large head. For a period of more 
than a quarter of a century, Mr. Scott- 
Snell has given his best service, re- 
search and experiment to the perfec- 
tion of economic and high photometric 
gas illumination as a close perusal of 
this article will clearly enunciate. 
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The Electrolytic 
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and Metallic Arc 


By Isapor LADOFF. 


A glance at the tables given be- 
low will convince us that: 

I. The highest spherical candle- 
power is obtained by the flaming arc 
of Bremer. (This is due chiefly to 
the luminescence of the metallic salts, 
with which the Bremer carbons are 
saturated. This arc is called a flaming 
arc in contradistinction to the ordinary 
carbon-crater arc. The color of the 
arc, the unsteadiness and the slagging 
of the carbons make the Bremer lamp 
obnoxious. ) 

II. The loss of energy in the shape 
of heat is the greatest in the alcohol 
lamp and petroleum. 

iil thes toss ot .enerey. in the 
shape of heat is the smallest in the 
Bremer and ordinary carbon arc. 

IV. The cost per hour is the lowest 
in the petroleum, and next in the 
Welsbach lamp. 

V. The cost per candle-power hour 


TABLE 


is in the last analysis the lowest in 
the carbon-arc. 

All these data force upon us the con- 
clusion, that the carbon arc is so far 
the most economical source of artifi- 
cialblight=. Andayet, even there in the 
carbon ars as a source of light is a sur- 
prising loss of energy in the shape of 
heat as the following simple calcula- 
tion will demonstrate. 

In our ordinary source of light 
95% of the energy spent is consumed 
in the production of radiation, whose 
wave-length is greater than 0.81, 1. @., 
of radiation that does not affect our 
eyes. These 95% may be considered 
as totally wasted from the point of 
view of production of light. 

The resin torch used by the savage 
gave an efficiency of about 3% to 4%, 
while the carbon are furnishes about 
twice as much only. 

A steam engine, necessary for the 


NOT: 


Tue Metatuic Arc. 
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Nernst filament 
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Intensity of 


Light. 
Normal Normal 
Hor. -Spher: 
(ae CP) 

PetroleGitlaw cid ess 14.8 132 
COO Mii. eoreie ease secs 65.3 42.9 
Gas (Welsbach light). 73.8 52 
Carhomeniamentizc von X: 43.8 34.6 
18.3 12.8 

Osmium Ment 2... Aa Bind 
Nernst filament..... 184.0 114.0 
(CALDOM LE Ce Sci ns : 400.0 
BreIne i ea £Cho. tcl. ares 1880.0 


“Neuerungen in 


der Beleuchtungs- 


Watt per Degree of 
CP Used. Efficiency. 
OTL 10-° 0.029 10-7 
0.00092. I0-" 0.0068 I0-” 
0.00183 I0-° 0.018 I0-” 
0.083 10-° 0.2 10-7 to 0.48 10-7 
0.077 10-° 0.85 10-" 
0.127 I0-° 0.3. 10-7 to 0.34 I0-” 
0.0215 to 0.0047 I0-" 
CENTS PER K. W. H. 
eS ~~ Sans 
Pee Poe yee ce 
fe) ome) ag ts a, (Se eee 
Sie oe Deve 28 288 
cielo sy tee sais One 
Che ee ee 
43.0 480 36.49 1.09 0.083 
L20e8TM 980.05, 4. 10:3 Bee 0.088 
eRe le 573 11.0 1.39 0.027 
104 w. 89.8 2.6 4.16 0.12 
50 w. 57.0 3.99 2.36 0.18 
ASTON mee AS.F 1.34 1.95 0.062 
213 w. 184 1.63 8.52 0.075 
440 w. 280 0.95 17.6 0.0094 
440 w. 380 ©2002. 170 0.0094 
Technik.” Zeit. Ingen., 1904, 676. 
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production of electric power, has a 
maximum efficiency of 10%. The 
efficiency of the dynamo electric ma- 
chine being 90%, we get only 9% 
energy. Assuming a loss of 10% in 
the conductors, etc., there remains 
to be expended in the arc lamp energy 
equal to 0.08% of the original energy. 
However, of this energy expended in 
the lamp 90% is wasted in the shape 
of heat and only the remaining 10% 
alone are consumed in the production 
of light proper. The final efficiency 
of our most efficient source of light— 
of the carbon arc—is 0.0081 or less 
than 1% of the total energy expended. 

Obviously there is room for im- 
provement in the field of artificial light 
production. 

We may never attain the efficiency 
of light emission accomplished by the 
glow-worm or luminous insects, pro- 
ducing only ether vibrations included 
between 0.81 and 0.360. 

But the time seems to be ripe for ani 
attempt to utilize the luminescence of 
metals and oxides of metals. The at- 
tempt to combine the principles of in- 
candescence of carbon with the lumin- 
escence of certain metallic oxides re- 
sulted in the so-called flaming arcs 
similar to Bremer’s. These impreg- 
nated carbons are far superior to the 
untreated carbon arc as far as effi- 
ciency and distribution of light is con- 
cerned. But the life of the pencils is 
rather short. Slag forms during com- 
bustion and requires a great deal of 
care. 


THe Luminous Arc FoRMED BY IM- 
PREGNATED CARBONS. 


By introduction into carbon elec- 
trodes of substances having a high 
light radiating power (electrolytes) 
such as salts of the calcium group 
of elements, the- carbon’ are itself 45 
rendered highly luminous and becomes 
the principal source of light, instead of 
the heated end of the positive carbon 
(crater), as in the case of the ordinary 
arc lamp. The hot gases generated by 
volatilization of the salts in the carbon 
furnish a path of less resistance than 
the air for the passage of the current 


and this permits the electrodes being 
drawn much farther apart (higher 
drop of voltage across the arc), pro- 
ducing an arc of 14%” to 2%” long. 
The light thus produced is, with the 
calcium salts, of a golden tint, hardly 
distinguishable from the color of light 
of an ordinary flame and incandescent 
electric lamps. This yellow color of 
light is for the purpose of exterior il- 
lumination, a point decidedly in its 
favor. 

In efficiency as light producer, the 
luminous arc is revolutionary. 

The measurements made by the 
Electric Testing Laboratories with a 
luminous lamp, producing the yellow 
light, and with an enclosed arc gave 
the following results: 


Arc. 

Lumi- En- 

nous. closed. 

Mean amperes. es 8 5:0 

Meéan=volts<at*-arcw.. eee 45 81 

Mean watts atvatcs. ose 360 413 

Mean =spherical GP ee 1620 BRe 

Mean lower spherical C.P. 1,560: 260 
Watts per mean spherical 

CSN ee NN ee oe ee @.353 1.78 
Watts per mean horizon- 

(C2 IBS Spel Ge oer Gee RES apt 0.265 1.59 


In actual light production the lu- 
minous arc is, therefore, practically 
five times as efficient as the enclosed 
arc. The lamps tested were run on 
direct current, and were fitted with 
opaline globes of practically equal 
density. 

A comparison of the two curves 
from the tests alone referred to, is 
shown in Figure 1. Both curves refer 
to vertical planes, one passing through 
the carbons and the other at right 
angles thereto. The dotted curve of 
small area represents the light flux of 
an-enclosed arc, (Mr. -E. Lo Elliotes 
paper; THE ILLUMINATING ENG., V. 
I., pp. 90-91.) 

It has been impossible in practice to 
increase the proportions of the addi- 
tions with which the luminous arc car- 
bons are impregnated above 6%, sitice 
above this limit the light is no longer 
steady. 

Mr. 


Mehlke in “Zeitschrift fur 
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Beleuchtungwesen” March 10, claims 
the possibility of increasing the im- 
pregnating additions with a resulting 
higher efficiency, in the carbons of di- 
rect current luminous carbon arcs im- 
pregnated with different materials. 
For the positive carbon, metals are 
suitable which form bases, like cai- 
cium, magnesium, barium, while tie 
negative carbon should be impregnated 
with metals which form acids, like 
Tungsten, Chromium; suitable addi- 
tions for the positive carbon are fluor- 
spar and magnesium, and for the nega- 
tive carbon Tungstaic acid and Chro- 
mium fluoride. 

The short life of the impregnated 





FIG. I.—DISTRIBUTION CURVES OF INCLOSED 
AND FLAMING ARC LAMPS. 


carbon, the slagging formation and tne 
comparatively poor distribution of 
Hobte.ate: the. drawbacks “of: “the 
impregnated carbon. Only 16% 
of their total illumination is given off 
in the range between o and 20 degrees 
below the horizontal, that is, within the 
useful range for street illumination. 
The curves shown in Fig. 2 give 
the comparative distribution of light 
from various sources of illumination, 
formed part of a paper printed in a 
German gas journal, the author being 


Prof. H. Drehschmidt, of Berlin. The 
measurements were made by means of 
an arrangement due to Schmidt and 
Haensch, employing a mirror attached 
to a jointed parallelogram, whereby 
the light at any angle is directed hori- 
zontally for photometric measurement. 
For comparative purposes the horizon- 
tal intensity is 100 Hefners for each 
source. 

Of the several curves W is that of 
the ordinary Welsbach lamp; O that 
of the Osmium lamp; N that of the 
Nernst lamp; A that of the electric 
arc., 1, that of the incandescent carbon 
filament lamp; F, that of the electric 
flaming arc and G that of an inverted 
gas burner. 

Commenting on these curves, Prof. 
Wrelschindt. say sre hats sof +. the 
sources, 1, O and N (with vertical 
magnesium rod), send about as much 
light upwards as downwards. The 
electric flaming arc, F, though it sends 
all its light downwards, gives very 
poor lateral illumination and strongly 
illuminates only a limited region below 
the lamp. The electric arc A, is best 
at about 30 degrees below the hori- 
zontal, but is pretty poor immediately 
beneath. 

The most scientific worker in the 
field of impregnated carbons is un- 
doubtedly Blondel. Here are a few 
data from his contribution to the 
transactions of the Int. El. Congress 
at-St- Louis, 1004eV VIL, Section BP. 


The substances added to the carbons 
are phosphate of lime (10% ), also ox- 
ides, chlorides and fluorides of lime, 
and magnesium, aluminate of lime. 
Blondel mineralizes the core and en- 
velops it with a cylinder of pure car- 
bon 1/5 to 1/7 thickness. Together 
with Bremer, he uses preferably fluo- 
ride of calcium. Blondel also adds 
various salts as regulators. He con- 
siders a mineralization of 20-30% and 
prefers to concentrate the mineraliza- 
tion in the anode, which he places 
below. 


L. Lindeman in the Annalem d. 
Physic Bd. XIX, Heft 4 (Licht-Elec- 
tricke Photometric) claims that he im- 
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pregnated electrodes as the positive 
has to be placed below in order to get 
a quick arc, just as Blondel. 3 

According to W. H. Patchel (Lon- 
don Times Engineering Supplement), 
the following figures made a compari- 
son between different types of lamp 
for the same candle-power per hour 
with current 4.06 cents a unit. Ori- 
flame (350 watts), 0.812 cents; Wein- 
ert 250" walts i, lel 2) cents ceo 
(470 watts), 1.16 cents; Santoni (420 
watts), I.43 cents; 1,000 watts carbon 
lamp; 2102 cents. open ares «(500 
watts), 3.04 cents; Evelina are (500 
watts), 4.16 cents; enclosed midget 
arc (250 watts), 6.07 cents. 

















authority claims that the relative in- 
tensities of two primary spectra of a 
mixture of gases depend on the rela- 
tive atomic weight of the compound 
gases. Other things being equal, in 
the spectrum of a mixture of gases, 
the spectrum of the gases of greater 
atomic weight will be higher. 

In view of these facts and observa- 
tions a few theoretical considerations 
may appear welcome. 

It seems to be obvious, that we have 
to do in impregnated carbon arc, with 
photo-electric effects connected with 
the absorption of ultra violet rays of 
the spectrum. Indeed, according to 
I. I. Thomson (conductivity of elec- 


90806 70 60 ae 40 30 








Flu. 2.—CURVES OF DISTRIBUTION OF VARIOUS LIGHT-SOURCES. 


The effect of addition to the carbon 
electrodes of volatile salts consists in 
the lengthening of the arc, following a 
corresponding drop of potential, not 
only at the terminals, but in the gases 
composing the arc, whose conductivity 
is. increased. PoAccordine 10 lawl. 
Tuits: (Phys Remewy Cox XI ap: 
273), the luminosity of a flame varies 
in the same sense as the conductivity 
of the gases composing it. According 
to FS uNuttine (Bulk zof @Beardsor 
Standards, VI, 1), salts introduced 
into the arc seem to reduce its tem- 
perature (Ranner, for instance, found 
a difference of 170 degrees C. between 
the temperature of an arc between 
cored and solid pencils). The same 


tricity through gases, Cambridge Re- 
view Press, 1903), the elements havy- 
ing’ >the’. highest . atomic” volume: 
Caesium, Rubidium, Potassium, So- 
dium, Nitrogen, Lithium, are the most 
electro-positive. The conductivity im- 
parted by these metals or rather by the 
salts of these bodies, under the same 
conditions as to temperature, potential 
difference and concentration, is di- 
rectly proportional to their atomic 
weight and atomic volume sequence. 
The Caesium salts imparts to the flame 
the highest conductivity, then follow 
the salts of Rubidium, Potassium, 
Sodium, Lithium and Hydrogen. Here 
follows a table of conductivity of these 
bodies prepared by H. D. Wilson: 
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TABLE OF THE CONDUCTIVITY OF THE SALTS OF Ruzsiprum, Potosstum, Sop1um, LirH1um 
AND HyproGEN PrEpARED BY H. J. Witson. 





Chlorides. 
RNS eet eng ls he 5.60 0.795 

Current. 
Grestiniciase ce roi 12:3 60.5 
Rarities ere ek s.c 41.4 20.4 
Povossittim 22%. es. 21.0 13.4 
Sadinmiicricn <.a0s &: 3.49 2.45 
1 Sy (el ban ince een res re 1.29 0.57 
IVGrOren alk is oa. 0.75 aigets 


Elstein and Sertel found, that the 
more electric positive metals lose nega- 
tive charges even when exposed to or- 
dinary daylight (absorbing ultra 
violet rays). According to these in- 
vestigations, the metals are to be ar- 
ranged in the order of the contact 
series of, volts, in order to express 
their respective sensitivity to photo- 
electric effects. The effect of absorp- 
tion of ultra violet rays are expréssed 
in the degree of leakage of negative 
electricity from surfaces of Sodium, 
Potassium and Rubidium in white 
light. 

Rate of Leakage of Negative Elec- 
tricity. Sodium, 21.0; Potassium, 
53.1; Rubidium, 537.0. The sunlight 
is comparatively poor in ultra violet 
rays: fultering through. the  at- 
mosphere, the light of the sun gives up 
considerable of its ultra violet rays. 

The arc light being rich in ultra 
violet rays naturally produces a more 
potent photo-electric effect on electro- 
positive bodies. 

All the salts of the same metal 1m- 
part the same conductivity to the flame 
according to Arrhenius. According to 
the same authority, all the salts in the 
flame are converted into hydroxides, 
so that whatever salts are used, the 
metal in the flame always occurs in the 
same salts. This does not coincide 
with our experience, which shows that 
for instance flames of Potassium is 
twice as effective as nitrate of Sodium. 
The salts steady the arc by enriching 
it with negative ions at a compara- 
tively low temperature. 

The voltaic arc is a portion of the 
electric circuit and has all the proper- 
ties of other parts of the electric cir- 
cuit. Things go on exactly as if the 


Nitrates. 
01237 5.60 0.795 0.237 
Current. 
222 30.3 17.5 3.6 
L13 Big 82.4 25.9 
5-75 68.4 29.3 9.35 
Ets 3.88 2:07 1.32 
0.41 1.47 0.99 0.53 
0.27 celles SARs eiiahe 


electrodes were united by a solid body 
ofsmiall cross section. -The light 
emitted by the body is due to the heat- 
ing of a resistant body interposed in a 
circuit. 

The true nature of the arc appears 
when we study it in a vacuum. 

The following data: shows the be- 
havior of the various electrodes in a 
vacuum, when graphite was used as an 
anode (according to Child), 


Melting Point 
in Everett’s 


Drop in C.G.S. System 
Metal. Potential. of Units. 

Platinum ... No are could 1775 degrees 
Prone: be maintained, 1600 a 
Nickelss.5.2 when using 1450 . 
Coppet os... these metals 1054 a 
Silver as cathodes. 954 7 
Aluminum .. 19 600 rs 
Antimony: .. 8 432 be 
Vipvevell eee 9 AI2 i 
Lead ates, 8 326 cs 
Cadmium ~2. 7 A Geatn 
Bismuth 6 260 - 
Ts Nya Maa 8 230 ie 


The current was 10 amperes, the 
e. m. f. of the circuit was 100 volts, 
and the distance between the electrodes 
2mm. In all cases the total fall of 
potential about the anode as approxi- 
mately six volts more than at the 
cathode. To this list may be added 
sodium, potassium and mercury. Dr. 
Weintraub gives the sum of the drops 
in potential at the cathode and anode 
for these to be 8.8 and 7.5 respectively, 
while their melting points are 96, 02 
and go. In general, the higher the 
melting pont, the greater the drop in 
potential at the cathode necessary to 
maintain the arc. The principal ex- 
ception to this rule was in the case of 
tin, but the thermal conductivity of tin 
is greater than that of other metals. 
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and it is quite probable that on this 
account it requires a greater develop- 
ment of energy to keep it in a melted 
condition. If this is correct, the drop 
in potential at the cathode is a func- 
tion of both: of the melting poimt and 
of the thermal conductivity of the 
metal, 

Measurements of the fall of poten- 
tial with these metals were made as 
the pressure of the gas was increased 
by drawing air into the tube. It was 
found that with the higher pressure 
all of these metals could be used as a 
cathode. It was also found that in all 
cases the fall in potential about the 
arc was increased as the pressure of 
the gas was increased. The series of 
readings for these potential differences 
when lead was used as the cathode is 
given in the table below. The read- 
ings taken with the other metals were 
quite similar to this one. 





Pressure Potential Difference 
of Gas. About the Arc. 
0.4 14 
2 ent ae G 
6 16 
20 / 
60 19 
200 22 
400 30 
550 30° 


730 32 
(C. D. Child, Phys. R., V. XX., 6, 373.) 


It seems obvious that the process of 
oxidization plays an important part in 


the arc, as I noticed myself long ago 


and will explain more fully later. The 
melting point seems to be of great im- 
portance. 

We can see why chemical combina- 
tion should tend to diminish the poten- 
tial difference between the terminals 
of the arc. The heat evolved by the 
oxidization of the terminals would 
tend to maintain them at incandescence 
so that the whole of the energy re- 
quired for this purpose would no 
longer have to be supplied by the elec- 
tric field. This is the reason why no 
arc can be maintained in a vacuum be- 
tween metals having a melting point 
higher than that of aluminum and con- 
sequently. a correspondingly high point 
of vaporization. The distinction be- 


tween an electric spark and the dis- 
charge from a point on one hand and 
an electric arc is in the relation be- 
tween the pressure and the current. 
In the case of the spark, the current is 
only a fraction of a milliampere. In 
the case of the arc the pressure is very 
much smaller than in the spark, while 
the -current.is very>much larger: it 
takes several hundred volts to dis- 
charge a spark. The temperature gen- 
erated by a high pressure is corre- 
spondingly high and the spectrum pro- 
duced of lesser complexity, than that 
of low pressure. The connection be- 
tween the difference of potentials be- 
tween metallic electrodes, the length 
of the arc and the current may be ex- 
pressed by Froelichs’ formula: 
V =M plus NE 

where M and N are constants, 1. é., 
independent of L. 

M is larger the higher the point of 
vaporization of the metal. Langs data 
are: 


C, Be Fe. Ni. Cu. 
2 27.4 25 26.18 23.86 
Ag. Zn. eae de Hg. 
15.23 19.80 10.26 12.8 


According to Dr. Weintraub (Phil. 
Mag.), in order that an arc should 
start between two mercury electrodes, 
placed inside’a highly evacuated space, 
and connected to a source of moderate 
voltage (magnitude of a few hundred 
volts), the cathode must first be ren- 
dered active, and we will interpret this 
in the light of the ionic theory by as- 
suming that an tonization process 
must be started at the surface of the 
cathade in order to allow the passage 
of the arc through the metallic vapors. 
In contradistinction to the ordinary 
carbon arc the voltage varies in the 
same sense as the current. In the arc- 
stream we must distinguish between 
the two different kinds of mercury va- 
por, the ionised conductive one and 
the ordinary mercury vapor produced 
by superfluous vaporization of the 
mercury. “This -later.. part)-of-ale 
mercury vapor hinders the motion of 
the ionised particles, and by doing this, 
increases the resistance of the arc path. 
(To be continued.) 





THE ILLUMINATING ENGINEER. 527 










chine 


ILLUMINATING 
ENGINEER 






PUBLISHED ON THE TWENTY-FIFTH OF EACH MonTH 
BY THE 
ILLUMINATING ENGINEERING PUBLISHING Co. 
25 Brodp St., NEw York. 
CasLE ADDRESS: 
“ILUMINEER, New York.” Lirper’s Cope Usep. 


EDITOR 
Business MANAGER 


E. LEavENWorTH ELLIOTT, 
Epear S. STRUNK, 





SUBSCRIPTION RATES: 
In Unitep States, CANADA, Mexico, CuBA AND 
SHANGHAI, $1.00 A YEAR. 
ELSEWHERE IN THE PostaL UNION, $1.50 A YEAR. 








PROGRESS OF THE REVOLUTION 


That the entire lighting industry, 
so far as methods of producing light 
ares concermed, is “in “the!> incipient 
stages of revolution, there can be 
no longer a reasonable doubt. Prog- 
ress generally advances by stages or 
epochs, and the coming year seems 
lbkely-toe mark an~-epoch’ in” the 
history of illumination. After more 
Miata decade Ot a running on 
a. dead level” ‘there “has  sudden- 
ly arisen a world-wide interest 
in the entire field of illumina- 
tion. Prominent scientists and in- 
ventors have been devoting their time 
to devising more economical methods 
of producing light, and engineers, 
architects and users have awakened 
to the importance of the part that arti- 
ficial light plays in modern civilization. 
The recognition of Illuminatng Engi- 
neering as a distinct specialty dates 
from the present year. 


In our review of the technical press 
in this issue, we present a complete 
résumé of the recent improvements in 
the production of light by electricity. 
Still further summarizing this résumé 
it may be stated that these improve- 
ments follow two different lines. 
First, the use of gas as the luminous 
body, in place of a solid. The mer- 
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cury arc, the vacuum tube, and the 
flaming arc, are the net results of the 
work in this line to date; and they all 
represent such advantages, either in 
economy, or quality, or both, as to 
justify being characterized as revolu- 
tionary. The flaming, or luminous 
arc, is five or six times as efficient as 
(ies ly PeurOh mare eels. NOW Sin 
general use, and is probably the most 
efficient of all artificial light thus far 
discovered, while the mercury arc 
and vacuum tube systems are highly 
efficient, besides having so low an 
intrinsic brilliancy as to render them 
revolutionary in the softness and dif- 
fusion of the illumination produced. 


The second line research has been 
directed toward utilizing the well- 
known advantages of the group of ele- 
ments known in science as the rare, 
or infusible, metals in place of carbon 
as the radiant. The tantalum lamp 
was the first practical result of this 
work, and since its advent, numerous 
other lamps utilizing these elements 
have been more or less fully demon- 
strated. In view of the complete revo- 
lution effected in gas lighting by use 
of these rare elements in the Welsbach 
mantle, and the knowledge of their 
properties thereby obtained, and fur- 
ther considering the variety of sub- 
stances and methods of forming them 
into lamp filaments that have been de- 
veloped within the past year, it seems 
remarkable that these improvements 
have been so long delayed. Theorett- 
cally, tungsten offers the greatest ad- 
vantages as an incandescing material, 
and tests which have been made indi- 
cate that the theoretical advantage 
will be maintained in practise. The 
“watt lamp,” i. e., a lamp running ac 
an efficiency of one watt per (rated) 
candle, is at hand. As compared with 
the 314 watt carbon filament lamp, 
the one watt lamp is certainly revolu- 
tionary. 

Aside from the gain in economy, the 
advent of this new light-source pre- 
sents a number of aspects that furnish 
fruitful themes for speculation. Per- 
haps the most striking of these is the 
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fact, that in one of the most important 
features of illumination the two lines 
of development diverge very radically. 
While the development of incandes- 
cent vapor lighting reduces glare to 
such an extent as to approach diffused 
daylight, the rare element incandes- 
cent lamps owe their advantage in 
economy entirely to an increase in 
“intrinsic brilliancy,” which is_ the 
technical term for glare. The diffu- 
sion of the light of these lamps by 
some accessory, such as frosted or 
prismatic globes, will be an absolute 
necessity. Diffusion by an accessory 
in all cases means a certain loss of 
light, but as in the case of the incan- 
descent gas burner, the gain in econ- 
omy in this case is so great that a 
portion can be sacrificed to diffusion, 
and still leave a large net gain. 


In the matter of diffusion by such 
means, a very curious fact has been 
brought out by the Tantalum lamp. 
While frosting the bulb of a carbon 
filament lamp decreases its useful life 
40%, it appears to actually increase 
the life of a tantalum lamp. Whether 
the same results will follow in the 
case of the other metallic filament 
lamps remains to be seen, but the 
chances are that they will. The new 
lamps should regularly be put out in 
frosted bulbs, providing their life is 
not shortened thereby. 


Lamps of this class thus far pro- 
duced require to be run in a vertical 
position, as the filament softens when 
lighted. ‘This peculiarity, however, is 
of much less importance than might 
at first seem. There is really very 
little need for a lamp to be used in 
any other position. It is a perfectly 
simple matter to direct the rays of 
the light from any given source in any 
given direction, without changing the 
position of the source. The use of the 
ordinary carbon filament lamp is an 
inclined position is in most cases an 
absurdity. These lamps are often 
used pointed at an angle from the ver- 
tical, with the obvious inference that 
their light will be thrown out in the 
direction in which they point. When 


it is remembered that such lamps give 
less than. one-half their maximum in- 
tensity in the direction in which they 
point, unless provided with some sort 
of reflector, the absurdity of the prac- 
tise will be apparent. 


One of the peculiar difficulties in 
making these new lamps has been the 
low resistance of the filament, thus 
making it difficult or_impossible to 
construct small units for the voltages 
in present use. This fact, however, 
may have an important bearing in the 
extension of electric light. Lamps 
may be readily made to run at % the 


voltage now most generally used— 


110—and for special purposes on very 
much lower voltages, without serious 
diminution of their efficiency. This 
should go far towards solving the 
problem of the very small isolated 
plant, such for example, as would be 
required for lighting a country house. 
The perfection of the gasolene engine 
as an economical source of power <e- 
quiring little attention, and with im- 
provements in storage batteries, the 
luxury of electric light should be 
brought within the reach of the aver- 
age householder. A storage battery is 
absolutely essential in such cases, in 
order that the current may be available 
for light at all hours of the day; and a 
battery sufficient to supply this mini- 
mum current at a voltage as low as 20 
or 25 would be comparatively inex- 
pensive. Kerosene burnt in a com- 
bustion engine, and thus converted 
into electrical energy, and this in turn 
converted into light by these new 
lamps, would be much more economi- 
cal, to say nothing of the greater ele- 
gance and convenience, than could be 
obtained by burning the oil in the old- 
fashioned lamp. 

The future status of the arc lamp 
is another point suggested by these 
improvements. While the flaming arc 
still retains for this type of lamp 
its position at the head of the list in 
point of economy, the ultimate field 
of its usefulness has yet to be deter- 
mined. Its high total light-power is, 
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for most purposes, a distinct disad- 
vantage. One conclusion, however, 
may be readily reached, and that is 
that the inclosed arc, which has held 
the field for a number of years, must 
eventually be entirely displaced. With 
an efficiency of one watt per candle 
to the credit of the incandescent lamp, 
together with its advantage in re- 
quiring far less care, and especially 
in view of the fact that it can now 
be produced in much higher units, 
leaves the inclosed arc without a single 
point of superiority for either interior 
or exterior illumination. 


In the domain of gas lighting prog- 
ress is being made of such a character 
as to insure a probable maintenance 
of its present position in the lighting 
field. Improved methods of making 
incandescent mantles are being per- 
fected, and the possibility of increas- 
ing the efficiency by increased pressure 
is being taken advantage of. What 
appears to be a simple and practical 
device for securing this last advan- 
tage is described in another section of 
this issue. Reduction in the cost of 
producing gas is also imminent. 
Suggestion has been made by prom- 
inent engineers in England to produce 
the gas at the coalfields and pipe it 
under pressure to the distributing 
mains. Why should this not be done 
in this country, as well as in England? 
Natural gas has been so conveyed in 
this country for years past. 

This outlook over the lighting field 
would be incomplete if we failed to 
mention the valuable, if less striking 
improvements that have been made in 
the design and manufacture of acces- 
sories for distributing and diffusing 
light. The application of optical prin- 
ciples in the construction of prismatic 
diffusing globes and reflectors has been 
carried on for the past ten years 
with great care and intelligence, and 
the results obtained have fully justi- 
fied the labor and expense incurred. 
Globes and reflectors thus constructed 
are the scientific compliments of the 
higher light intensities produced in the 
more economical forms of light- 


sources, and are deserving of no less 
credit. 


——_—____ 


ILLUMINATING ENGINEERING AS 
A DEPARTMENT OF MUNICI- 
PAL GOVERNMENT 


It is a generally recognized theory in 
municipal government that, for the va- 
rious departments of administration, 
executive officers should be provided 
who are especially qualified in the par- 
ticular line of activities involved. In 
a number of these departments the na- 
ture of the work demands engineering 


_ skill—as in the care of parks, streets 


and highways, waterworks, etc. 

Among the most important of the 
utilities managed by a city is its public 
lighting. It would seem, therefore, 
that the office of Municipal [luminat- 
ing Engineer is as obvious and neces- 
sary as that of City Surveyor or 
Waterworks Engineer. 

The agitation of municipal owner- 
ship of lighting plants is probably due 
as much to dissatisfaction with the 
quality of illumination afforded by the 
average system, as with the mere mat- 
ter of cost to the public. Since, as we 
have frequently pointed out before, 
neither public nor private consumers 
pay for light as measured by illumina- 
tion received, but for the luminant, 
or means of producing light, con- 
sumed, it is not at all strange that they 
should be disappointed by reason of 
the discrepancy between what they 
think they are paying for and what 
they actually get. Recent investiga- 
tions in various parts of the country 
all bring out the same conditions more 
or less prominently, namely, that 
neither the corporations furnishing the 
illumination, nor the public officials 
responsible for its use, have any ade- 
quate knowledge of the scientific and 
economical principles involved. In the 
few cases in which expert testimony 
on illumination has been introduced, 
the city authorities have admitted that 
they were unable to understand the re- 
ports on account of the “technical 
terms used,” and that little or nothing 
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has been gained, except a reduction in 
price. 

The following instance will illus- 
trate this point. Some months ago 
the question of renewing the contract 
for lighting the streets came up before 
the Councils of a large southern city. 
In reporting their action in the matter 
the local paper commented as follows: 


“That the city’s lighting contract with 
the —-—————- Electric Company is subject 
to a number of contradictions, and that the 
‘600 standard candle-power arc _ lights’ 
may mean almost anything, was forcibly 
brought to the attention of the members 
yesterday when a report from Mr. ; 
which had been made at the request of the 
Director of Public Works, was presented. 
The report of the expert is in detail, but 
the use of technical terms and a diagram 
made it difficult for the aldermen to clearly 
follow it. The report was turned over to 
Alderman At nis = request, s45 ne 
stated, that he wished to study it and make 
some observations on his own account be- 
fore the next ‘meeting: 








It thus appears that there was no 
officer or employee connected with the 
city government capable of giving an 
authoritative opinion on this impor- 
tant question, although, according to 
the report of the expert, by a simple 
change of globes, “$10,000 worth of 
additional effective light could be se- 
cured.” If this much could be saved 
by so simple an operation, how much 
could be saved in money, to say noth- 
ing of improvement in quality, if the 
entire lighting system were put in 
charge of a competent illuminating 
engineer? 

Probably the most thorough investi- 
gation that has taken place in any city 
in regard to public lighting, both by 
gas and electricity, is the one that was 
conducted several months ago by the 
State Gas and Electricity Commission 
for the city of Syracuse. Expert testi- 
mony was produced on both sides, and 
the matter was apparently sifted to the 
bottom. One of the results of this in- 
vestigation is a judgment by the Com- 
mission reducing the price which the 
local company may charge for gas and 
electric current; but a result of greater 
local importance, and one likely to 
have a far-reaching influence, is likely 


to follow, according to the Syracuse 
Herald; which says: 


The creation of a municipal bureau of 
inspection and complaint of lighting will 
be one of the results of the decision of the 
State commissions of gas and electricity 
handed down yesterday. This will be fully 
as important as any other result of the 
Syracuse investigation. The public learned 
a lesson on that investigation, and the feel- 
ing at the City Hall is that, whether thy 
lighting company’s intentions be good or 
not, no more chance should be taken in the 
future on the lighting question. 


If such a bureau of inspection and com- 
plaint can be run at $3,000 a year, the sav- 
ing in this year’s street lighting fund alone, 
from the results of the investigation, would 
support it for six years. 

The investigation disclosed the fact that 
frequently the lighting company delivered 
unsatisfactory gas and that the public had 
numerous. other grievances besides the 
price. The commission has now under- 
taken to remedy this by establishing a 
standard of gas in Syracuse. It is consid- 
ered, however, that this standard is likely 
to be ineffective unless backed up by an 
official bureau having authority to deter- 
mine and enforce. 

The idea of the bureau is to have daily 
tests of gas made so as to insure that the 
gas is up to the 18-candle-power and mini- 
mum I-inch pressure required by the com- 
mission and that the gas does not contain 
more than the amount of sulphur, ammo- 
nia and sulphuretted hydrogen allowed by 
the commission. Only by keeping it up 
to this standard will the public be satisfied 
and the decision be effective as to gas. 

Quality was the nub of the gas question. 
The public did not seem to complain of 
the rate of $1 a thousand for gas, which 


was lower than in most other cities, pro- 


vided they got 1,000 cubic feet of it at the 
right pressure and could make a satisfac- 
tory illumination with what they got. The 
lighting company’s shortcoming on gas 
was on this point. 

There are numerous other duties which 
will devolve upon this bureau. It can han- 
dle the matter of street lamp inspection 
and see that the policemen properly report 
all lamps out or in trouble, not relying on 
the company to do so itself. 


It can take care of complaints of defec- 
tive wiring and lighting, improper service 
in any respect from the lighting company, 
and in general see that the lighting laws 
and the order of the commission are en- 
forced. Consumers with grievances should 
find such a bureau, if it is properly man- 
aged, a source of great profit. 

There are a number of State laws con- 
cerning gas service, when it shall be given, 
when meters should be inspected and how, 
and various other phases of the lighting 
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question which should be enforced by such 
a commission. 

The amount suggested for running 
a department for one year—$3,000— 
is, of course, ridiculously small in com- 
parison with the amounts paid for 
other services of far less importance, 
both from the money point of view and 
that of public convenience ; but all new 
departments must start in a conserva- 
tive way, so far as expense is con- 
cerned. 

Public buildings, including school 
houses, are as a rule the poorest 
lighted of any to be found in a muni- 
cipality ; and it is a generally admitted 
fact that street illumination in this 
country has many and serious faults. 

The office of City Illuminating En- 
gineer is one which should be at once 
established by all municipalities, and 
the department under this title be sup- 
ported by as fair and liberal appropria- 
tions as those granted to any other de- 
partment of equal importance. 

_ While the department of [llumina- 

ting Engineering has not yet been rec- 
ognized by name, it has been estab- 
lished in fact by the National Gov- 
ernment, the work at present being in 
charge of Mr. J. E. Woodwell, whose 
valuable descriptions of the installa- 
tions in some of the largest Federal 
buildings have recently appeared in 
our columns. Mr. Woodwell is ably 
assisted by.) Mri -P: L. .Dougherty. 
These two illuminating engineers are 
officially known as “Inspectors of 
Lighting Plants.” Some idea of the 
value of their services can be found 
from the fact that in the lighting of 
the Chicago Post Office Building 
alone, a saving of $40,000 per year 
has been made over the amount. re- 
quired by the lighting plans as orig- 
inally laid out; electric current being 
purchased at a cost of 5c. per k. w. h. 





THE CARTOON AS A TECHNICAL 
ILLUSTRATION 


Technical papers are usually consid- 
ered to be consecrated exclusively to 
the exposition of scientific truths, and 
hence the only illustrations admissible 


are those giving mechanical details of 
apparatus and machinery, or mathe- 
matical curves and diagrams. Wit 
and humor, with its counterpart, the 
cartoon, have traditionally no part in 
scientific discussion. 


Is this tradition founded absolutely 
upon the merits of the case? The con- 
templation of scientific facts does not 
naturally develop the “saving grace of 
humor’; nevertheless, there are some 
notable cases in which the most recon- 


dite scientific research has not been 


able to suppress this valuable means 
of grace. Tyndall and Huxley did 
more to popularize science than all 
other writers of their time combined, 
and not the least of their power was 
in their keen sense of humor, as dis- 
played in their writings. Among 
writers on illuminating engineering 
problems at the present time, Mr. 
A. P. Trotter, an Englishman, pos- 
sesses a keen and ready wit. 


The idea of using the cartoon to im- 
press technical facts upon a popular 
audience has been attempted by Mr. 
Willcox, in his paper read before the 
Ohio Electric Light Association, and 
which we reprint in another column. 
Wiese pwill leave at to-.our readers’ to 
judge whether this innovation is com- 
patible with the supposed dignity of 
such papers, and whether such illustra- 
tions actually tend to impress the 
points made in the paper upon the 
mind of the reader. Whatever the de- 
cision may be, it will be generally ad- 
mitted that any radical departure from 
an established custom must be made 
with indisputable skill, otherwise the 
whole matter at once becomes a mere 
burlesque. If the matter has a humor- 
ous side, it must be brought out in a 
spontaneous manner; and if it is sus- 
ceptible of pictorial illustration, the 
cartoons must at once suggest the 
point aimed at, and be drawn by the 
hand of an artist. If this is done, and 
the reader is thereby more strongly 
impressed than he would otherwise 
have been, the argument that the end 
justifies the means may apply with 
much force. 
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Facts and Fancies 


A POSSIBLE SOURCE OF INJURY 
TO-THE-EVES 


The misuse of light is not the only 
thing to be avoided in protecting the 
organs of vision. Dr. S. Strode Jef- 
fries, in a letter to the Scientific Amer- 
ican, has the following warning in re- 
gard to the use of wood alcohol: 

“A number of well-authenticated cases 
have been recorded from time to time, of 
persons who have lost their eye-sight from 
the mere inhaling of the vapors of wood 
alcohol, as well as from its use externally 
in liniments. Painters are specially sub- 
jected to the dangerous effects of this poi- 
son, and some of the cases referred to were 
those engaged in using shellac varnish, 
who had by continued absorption impaired 
their eye-sight and finally become totally 
blind. That methyl alcohol is poisonous 
externally as well as internally is no: long- 
er a debatable subject, and too much pub- 
licity of the facts cannot be given.” 


As the use of wood alcohol as a 
burning fluid for chafing dishes, curl- 
ing-iron heaters, and other similar 
heating purposes, has become com- 
mon, it will be well for those using it 
to exercise due care. The fact that 
the ordinary or grain alcohol “dena- 
tured,” that*“as) rendered. unnt- tor 
drinking purposes by the addition of 
small quantities of otherwise harmless 
substances can now be sold without 
paying the government duty of $2.00 
a gallon, there is little to be gained by 
the use of the more or less dangerous 
methyl, or wood alcohol. The eyes 
are too precious to take any chances 
of their injury. 


A NEW PROCESS OF GENERATING 
ELECTRICITY 


It has long been known that when 
it comes to producing artificial light, 
man is a great bungler compared with 
certain insects. In the matter of eff- 
ciency he literally cannot hold a candle 
to a fire-fly—for the fire-fly produces 
light with an infinitesimal expenditure 
of energy as compared with a candle. 


It now appears that the moral holds 
true in regard to the production of the 
electric current as well, and with all 
his boasted knowledge and mechanical 
skill his best dynamo electric genera- 
tor simply is not in it with the electric 
eel. A recent writer in the New York 
Sun has a short article on this most 
interesting zoological specimen. He 
reports having received his informa- 
tion from Prof. Don Quixote de Es- 
perando, head of the Government 
college of Venezuela. The name of 
this professor has a suspicious sound 
—but let that pass, and hear what he 


has to say. 

The electric eel, as is well known, is a 
habitat of South American waters, the Ori- 
noco River containing countless numbers 
of them, and the Professor has for many 
years been convinced that a new source of 
energy could be obtained from them, and 
to this end he had a hundred average sized 
eels captured and copper wire put around 
the neck of each, just below the ears, and 
then connected them with a motor, the eels 
in the meantime remaining in the river 
near the shore. But he found in practice 
that their contortions and violent flopping 
about soon tired them out and greatly less- 
ened the electric current, which was very 
intermittent and unsatisfactory. He there- 
fore procured another hundred and put 
them into a zinc bath tub, which he had in 
his house, and connected it with the motor 
and found that they produced about twenty 
horse-power; in other words, each eel gave 
off about 150 watts of energy (there be- 
ing 746 watts in one horse-power), and 
with this supply he ran a grist mill and 
lighted up his house and grounds, the 
power from each eel being sufficient to 
produce forty-five 16-candle incandescent 
lights. 

As to the commercial value of the great 
discovery, there can be no question. The 
Professor will arrive in New York in a 
few weeks to confer with prominent capi- 
talists who propose forming a_ gigantic 
syndicate to control the whole thing, and a 
preliminary prospectus is now being issued 
showing the illimitable possibilities of the 
scheme, and as an illustration it shows 
that an ordinary twenty horse-power auto- 
mobile can be run for twenty-four -hours 
with 100 eels in a tank three feet long 
and one and one-half feet square and 
weighing complete less than 200 pounds. 
In fact, it is claimed that the largest ocean 
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steamers afloat can be run with 200,000 
eels, producing 40,000 horse-power, and 
contained in a tank not larger than‘1o x 
10 x 15; this plant, of course, will have 
to be duplicated so that when the energy 
in one is exhausted it can be hoisted from 
the hold to the boat deck, so the light from 
the sun can infuse new energy into it, it 
being replaced in the meantime by the 
other plant. 

Wonderful as all this may seem, it is no 
more so than the telephone or wireless 
telegraphy. 


To the unsophisticated this reads 
like a genuine scientific article, almost 
as much so as did some of Poe’s re- 
markable canards. The Electrical Re- 
view in a recent issue, does some fig- 
uring, and comes to the conclusion 
that, at least so far as ship propulsion 
is concerned, it would probably be bet- 
ter to harness the eels to the ship and 
let them tow it by main strength. 

There is ample material here for 
the jokesmith to ply his trade with. 
A string of eels instead of the trolley 
wire, with the generating plant cut out 
altogether: a small aquarium, with a 
trained eel lifting an incandescent 
lamp on the end of his tail, in place of 
the kerosene lamp or portable electric, 
are simply thrown out as suggestions. 
Numerous other applications will 
doubtless suggest themselves to the 
reader at once. 


MUNICIPAL LIGHTING PLANTS 
IN WISCONSIN 


The first municipal electric light plant 
in Wisconsin was established at Bayfield 
in 1889, five years after the beginning of 
the electric lighting business in this State. 
At that time there were thirty private 
plants in operation. The latest figures, 
those of last March, show forty-six mu- 
nicipal and 123 private plants in the 
State. 

Of the 123 private plants thirty-eight are 
in places of less than 1,000 population, 
which is true also of thirteen of the forty- 
six municipal plants. 

Of these the first eleven have the elec- 
tric light plant operated in connection with 
the municipal water works. Only one 
plant, that in Hudson, is leased to a pri- 
vate company. 

The strength of the municipal owner- 
ship movement is in the cities of from 
1,000 to 10,000 inhabitants. Wisconsin is 
one of the twenty-four States of the Union 
which have no cities of over 10,000 popu- 
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lation with municipal electric plants. In 
the last twenty-five years the number of 
municipally owned electric light plants has 
increased from one to 1,050 and the num- 
ber of private plants from seven to 3,234; 
that is, in 1881 the municipal plants were 
nearly 13 per cent. of the whole number 
of plants, while in 1905 the municipal per- 
centage had arisen to over twenty-four. 





REDUCING THE COST OF INCAN- 
DESCENT LAMPS 


In the beginning of the career of 
the incandescent electric lamp, about 
75c. worth of platinum was used in a 
single lamp, and the bulb was blown 
by hand from a piece of tubing. At 
the present: time the platinum ina 
lamp costs about Mc., and the bulb, 
which is made in large quantities at 
the glass factories, costs about 2c. It 
may appear from this that the present 
selling price of such lamps—18 cents 
for the ordinary size—is unnecessarily 
high; but when it is considered that 
there are some 50 operations in the 
process of manufacture, nearly all of 
which requires special skill, and many 
of which involve refinements of mani- 
pulation, which are nothing less than 
marvelous, this thought changes to 
one of wonder that the price can be 
made so low. Nevertheless, manufac- 
turers are continually seeking to re- 
duce the manufacturing cost; and a 
saving which would represent one or 
two-tenths of a cent on a lamp would 
be well worth considering. 

An inventor in Toledo, Ohio, has 
constructed a machine for blowing the 
bulbs, which is said to reduce the cost 
to about one-quarter of the present 
amount. While the name of the in- 
ventor is not mentioned, it is very 
likely the same one who has per- 
fected a bottle blowing machine which 
is revolutionizing the whole blown 
glass industry ; so that there seems lit- 
tle doubt of his accomplishing similar 
results in the manufacture of lamp 
bulbs. 

Platinum is more valuable, weight 
for weight, than gold, and the limited 
supply is controlled by the Russian 
government. Innumerable attempts 

have been made to find some substitute 
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for this expensive metal in the manu- 
facture of incandescent lamps; but 
while many devices have promised 
well, none have come into practical 
use. 
Maxim, the noted English inventor, 
has, after long study and research, 
succeeded in producing a metal which, 
when drawn into wire and platinum 
coated, answers the purpose of solid 
platinum in every particular. The 
metal has been tried on a commercial 
scale in England with apparently satis- 
factory results. 

A NEW GLASS HAVING REMARK- 

ABLE PROPERTIES 


Glass has always been the very 
symbol of electrical insulation, and is 
at the present time very extensively 
used for this purpose. So common is 
this use that the idea of a glass having 
electrical conductivity is almost as 
contradictory to the established ideas 
of its nature as would be a glass hav- 
ing flexibility. Nevertheless, the ap- 
parently impossible seems to have been 
achieved, as will be seen by the fol- 
lowing: 

At a meeting of Section A of the Brit- 
ish Association, held recently in York, 
England, Charles E. S. Phillips described 
a glass which conducts electricity fairly 
well. This is obtained by fusing together 
sodium silicate and borax in the propor- 
tions of thirty-two of the former and eight 
of the latter. By adding one and one- 
quarter parts of Powell’s flint glass to the 
mixture, greater stability is obtained and 
a better surface secured without any seri- 
ous loss of conductivity. Such a glass is 
suitable for the cases or windows of elec- 
trostatic instruments. It may be cast into 
plates, but is not very workable on ac- 
count of its low fusion point. It may, 
however, be drawn into rods or fibers, and 
takes a fine polish. It is somewhat harder 
than ordinary glass. The density is 2.40. 
It is transparent to X-rays, shows no flu- 
orescence under cathode radiation, and is 
opaque to ultra-violet light. Its electrical 
conductivity is about’ 500 times that of the 
most conducting glass so far made. Its 
specific resistance is given as 10° ohms at 
twenty degrees centigrade. The glass may 
be powdered and fused onto clean copper, 
to which it adheres well without cracking. 


The practical interest of this glass 
to the illuminating engineer is in the 
statement that it is “opaque to ultra- 


We understand, however, that 


a 
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violet light.” In a previous issue, we 
mentioned in this department the 
claims of an optician to making spec- 
tacles of a glass which transmitted the 
ultra-violet rays, and suggested that 
this was a decided disadvantage to the 
eyes, and that if a glass could be found 
that would absorb these rays, it would 
be of real value. According to the 
above report, such a glass is at hand. 
Its use in the manufacture of shades 
for light sources that are strong in 
the violet and ultra-violet is a matter 
well worth the attention of both illu- 
minating engineers and manufactur- 
ers. 


THE DANGERS OF WATER GAS 


Suit has been brought against the 
Buffalo Gas Company to compel it to 
cease furnishing water gas to the city 
and individual consumers and to com- 
pel it to furnish illuminating gas. In 
the moving papers is an affidavit by 
Albert P. Sy, assistant to City Chemist 
Hill, in which he describes water gas 
and coal gas and delcares that water 
gas 1s more dangerous to human life. 
Fe also describes its deadly effects on 
guinea pigs. He says: 

“Under ordinary circumstances and in 
small quantities illuminating coal gas is 
not considered dangerous to life and 
health. Recovery from accidental poison- 
ings is usually rapid and complete. There 
is danger of chronic poisoning by contin- 
ued exposure to illuminating coal gas due 
to the presence of a small percentage of 
carbon monoxid in such gas. Water gas, 
either raw or carbureted, is exceedingly 
poisonous, due to the presence of a large 
percentage of carbon monoxid. The poi- 
soning by carbon monoxid is brought about 
by a union of the carbon monoxid with the 
hemoglobin of the blood, producing a 
chemical compound. Recovery from such 
poisoning seldom occurs, and is said never 
to occur after complete saturation of the 
blood. 

“The inhalation of air containing a very 
small quantity of carbon monoxid by a 
human being will produce unconsciousness 
in a very short time, and if continued for 
any length of time will result fatally. One- 
tenth of one per cent. of uncarbureted 
water gas is injurious to health. One per 
cent. in air becomes fatal in a compara- 
tively short time. The use of water gas 
for domestic and lighting purposes is ex- 
tremely dangerous from leaky equipments 
and fixtures.” 
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Correspondence 


FROM OUR LONDON CORRES- 
PONDENT 


Much interest has been taken in a 
paper read before the British Associa- 
tion, at their Annual Conference held 
at York, on “The Manufacture of 
Light,” by Professor Silvanus Thomp- 
son.. In the course of his remarks the 
gifted speaker said: “That without 
making allowance for the cost of man- 
tles, incandescent gas light was theo- 
retically not more than one-sixth as 
expensive as gas burnt in the old- 
fashioned burners; -and, as.--is,” of 
course, quite well known, and ac- 
cepted by all illuminating engineers, 
when the gas is burnt under pressure, 
the cost of gas is still further reduced.” 

He also drew attention to the “Mti- 
lennium” gas light, and the many im- 
proved electric glow lamps, in which 
Osmium, tantalum, zirconium and 
tungsten were used for the filaments. 
The new British Cooper-Hewitt elec- 
tric mercury vapor lamp was described, 
and the Professor said it was a re- 
markable production. 

The various forms of light were ex- 
hibited and a table given showing 
their relative theoretic efficiencies. 
These are given in the following fig- 
ures: 


Candie- . ~ Poison, 
Hours Cubic 
for Inches, 
Shilling. Carbonic 
Acid. 
Gas (bateswing) <... 2.700 536 
Parainneient 4:322, 7.895 366 
Welsbach mantle 12.500 72.5 
Millennium light ... 25.4904 39.0 
Blow eiamip. ies fs 3.745 ee, 
Nermstlamp 22006. 5.882 
Osniurn:anpe se sc 7.143 doe 
PMC M EAL Dict te aie 2 5 10.000 22 
ESATIOM aT Cony dees eS 46.619 0.8 





“All were,” he said, “of the opinion 
that enormous strides had been made 
in recent years in both of the most im- 
portant methods of illumination. Gas 


illumination which cost a shilling to 
produce only a few years ago, was 
now produced by compression at less 
than a penny; and, so far as public 
lighting was concerned, the same 
might be said of electricity—for the 
flame arc was wonderfully cheap.” 


Professor Thompson told the meet- 
ing that he was in a position to show 
them what was really the last word 
in gas illumination. On a tIo-light 
bar, he showed a flat flame burner, a 
Welsbach-Kern burner, and a new in- 
verted gas lamp. 


Duplicate incandescent lamps—with 
ordinary low pressure gas burners— 
had air injected into them by means 
of a hydraulic pump, to show the in- 
creased value of light which could be 
secured by this simple method. <A 
series of lights of from 500 to 1,300 
candle-power were shown with gas 
under a pressure of 54 inches; the vas 
supplied was compressed in an elec- 
trically-driven “Coloma” machine, 
governed without either gas _ bag, 
water tank, or springs. 

We have reason to know that there 
are at the present time several small 
compressors, which have passed the 
experimental stage, and which are at 
no very distant date, to be exploited 
by a large commercial undertaking, 
which will give an enormous impetus 
to the use of inverted burners, and 
must work quite a revolution in gas il- 
lumination. At present we are not in 
a position to publish the details of 
either apparatus or results, but in a fu- 
ture number we hope to be at liberty to 
reter) tullystoiethe subject. im these 
notes. 

At the same meeting Mr. A. Q. 
Martingavie Ineta ©: read. a. very 
valuable paper on “Cheap Gas for 
light, Heat and Power.” The chief 
point suggested was the long distance 
transmission of gas; a subject which 
we remember to have been dealt with 
at great length, and with much ability, 
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by the late Sir C. W. Siemens, who in 
1881, read a paper before the Gas In- 
stitutesion =: Gas: /Supply,4 both tor 
Heating and Illuminating Purposes.” 
His scheme was to manufacture gas at 
the mouth of the coal pits and trans- 
mit the product by pipe lines—under 
pressure—to the districts where it was 
required for use. For all these years 
the subject has remained practically 
dormant, and it has been left to Mr. 
Martin to set forth in no uncertain 
language the possibilities and advan- 
tages of the long distance transmis- 
ston of gas. He has worked out in 
considerable detail a scheme for sup- 
plying London with gas manufactured 
in the vicinity of the South Yorkshire 
coalfields, which are distant about 170 
miles from London. Estimating the 
consumption of gas in London at 40,- 
000,000,000 cubic feet—which is rather 
under than over the mark—he sug- 
gests that this quantity might be car- 
ried by a single pipe line of 25 inches 
diameter, under an inital pressure of 
500 pounds. The power required for 
compression, during the period of 
maximum consumption, would be, he 
says, about 40,000 horse-power, and it 
is suggested that the greater part, if 
not the whole of the steam required 
might be raised by means of the waste 
heat from the retort furnaces. The 
particulars of cost would not perhaps 
interest readers of this journal, but 
taking the cost of coal at the pits as 
$1.45 per ton, he figures out that the 
cost of gas delivered into the existing 
gasholders of the London Gas Com- 
panies would be about 714d. (15 
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cents), per 1,000 cubic feet. The paper 
from the gas makers’ point of view, is 
exceedingly interesting, and even 
startling; but at present there are 
many points which render his scheme 
anything but practical—not the least 
of which are the vested interests of 
the London Gas Companies, and the 
enormous sacrifice of plant and ma- 
chinery that would be involved. Still, 
such a scheme shows the trend of 
thought, and deserves the fullest con- 
sideration of all interested in the 
economic manufacture and distribu- 
tion of gas. : 

The artificial lighting of rooms and 
workshops is a matter which is of 
great interest, and all details pertain- 
ing to the subject are valuable to those 
connected with the science of illumina- 
tion. The table we are now going 
to give throws a good deal of light 
upon a matter which is not sufficiently 
considered, viz.: The reflecting pow- 
ers of various surfaces; the figures 
have been worked out by Dr. Sump- 
ner, principal of the Birmingham 
Technical School. They are the re- 
sults of careful experiments and are 
reliable. 

If a room be white all over and a 
lamp of 100 candle-power be placed 
inside it, 80% of the rays of light 
striking the wall, ceiling, and floor, 
will be reflected ; as a consequence, the 
illumination is equal to that given by 
another lamp of 80 candle-power; but 
if the room be papered and painted 
brown, the additional illumination by 
reflection, would be only 15%. The 
conclusion, says the writer of a paper 
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OPEN BAR PHOTOMETER FOR GAS TESTING. 


on the subject, Mr. A. E. A. Edwards, 
M.I.M.E., arrived at is, that a 20- 
candle-power lamp in a white room 
will give the same effective illumina- 
tion as a 100-candle-power lamp in a 
black room. 

_ An ordinary plain glass window ob- 
structs from 7 to 10% of the light 
falling upon it. 

Ribbed glass obstructs...15 to 30 per cent. 


Opaline “ i eeeA SNL AO acts ainsi 
Flame ». gO to 60 


66 : (z3 46 6c 


These are matters for considexa- 
tion which are too often overlooked ; 
still further obstruction, is of course, 
caused by the glass becoming dirty. 

The testing and photometric meas- 
urements of gas finds a place in the 
columns of THE ILLUMINATING EN- 
GINEER, and so we draw attention to 
what is known as the open bar photo- 
meter. Mr. R. O. Paterson, who for 
many years has been resident engi- 
neer Of the Cheltenham Gas Works, 
has recently adapted an open bar pho- 
tometer to meet the requirements of 


the testing clauses specified by the 
Metropolitan Gas Referees, who are 
the authority governing all questions 
of gas tesing in London. For the 
illustration given, and the particulars, 
we are indebted to the Gas Journal. 
Mr. Paterson has devised the arrange- 
ment for use with the 10 candle power 
standard, and the first and chief point 
of importance is that as the pentane 
flame is exceedingly sensitive, it is nec- 
essary that the operator, when once he 
has lighted the gas and the standard 
lamp, should not have occasion’ to 
move about the photometer room. It 
is also necessary that the atmosphere 
should be absolutely still. To main- 
tain this most requisite condition, the 
operator sits in a chair and has at his 
left hand the micrometer screws for 
regulating the consumption of gas; 
and at his right hand the valve for 
regulating the pentane flame. In work- 
ing with the bar photometer, it is dis- 
tinctly found that there is a difference 
of light given out by the standard with 
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small variations in the height of the 
flame between the bottom of the win- 
dow and the middle of the bar; as a 
consequence it is absolutely necessary 
that the flame should be maintained 
at one uniform point ; and the arrange- 
ment achieves this as far as is possible. 

The general description is as fol- 
lows: A convenient height for the 
table is 2 feet 6 inches; the center of 
the discs being about 4 feet from the 
floor and‘to this line the centers of 
flame must be adjusted. A No. 2 
Metropolitan Argand burner, with a 
thumb cock immediately below it, is 
placed preferably on the left of the 
photometer bar, and the standard Io- 
candle pentane lamp on the right. The 
gas micrometer, for adjusting the con- 
sumption of gas, and the regulating 
screw for the height of flame in the 
standard lamp are all in convenient 
reach of the operator. The meter and 
pressure governor must also be within 
easy reach and sight; the double gov- 
ernor, on the inlet of the meter, should 
also be under ready control. The pres- 
sure gauges on the inlet of the meter 
and the outlet of the micrometer, must 
be within view. A small mirror oppo- 
site the window of the pentane lamp 
will enable the operator to see the 
height of the flame without moving 
from his chair. To assist the reading, 
the photometer bar should be gradu- 
ated to tenths and hundredths, as far 
as the figure 2,.from the ‘center, on 
either side in order to indicate the 
photometrical valves from 5 to 20 
candles. The purpose of the apparatus 
has been thought out with much care 
and practical stillness for the operator 
is ensured. 

Something new in a gas lamp has 
been put on the market by Messrs. 






























































NEW SELF-INTENSIFYING GAS LAMP. 


James Milne & Son, of London, and 
Edinburg. The lamp which is illus- 
trated, is of the self-intensifying type 
and has a long metal chimney to in- 
crease the draught and to induce the 
necessary supply of air to the burner. 
The special feature of the lamp is the 
method adopted for the removing and 
replacing of the burner. This will be 
at-once grasped by a reference to the 
two illustrations.’ In Figure ate 
burner is being removed, the head, tv- 
gether with the mantle and chimney 
are raised; the glass chimney is passed 
up into the metal tube, the milled nut 
at the left hand is slackened, and the 
swiveling bar thrown on one side, so 
that the burner, mantle and chimney, 
can be removed, as shown in Figure 2. 
These lamps are designed for shops 
and factories; the simple means 
adopted for removal of the burner 
renders them most suitable for busi- 
ness premises. 
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The Illuminating Engineering Society 


DISCUSSION OF DR. LOUIS BELL’S 
PAPER ON SOME PHYSIOLOG- 
ICAL FACTORS IN ILLUMINA- 
TION AND PHOTOMETRY 


(Reported in Int. Ene., p. 263.) 
From the Proceedings of the Ill Eng. Soc. 


President L. B. Marks.—One of the ob- 
jects of this Society is to bring about co- 
operation between the various interests 
identified with illumination. We have 
heard from the electrical engineer, the gas 
engineer, the architect, the designers of 
fixtures, globes and reflectors, and from 
the chemist. This evening we shall hear 
from the oculist. We have the honor of 
the presence at this meeting of several dis- 
tinguished oculists, and I will call upon 
Dr. Percy Fridenberg, president of the 
Harlem Medical Association, to speak on 
the general effects of light on the eye. 

Dr. Percy Fridenberg—The subject of 
photometry has been put before you in such 
a scientific and exhaustive manner that I 
have nothing to add in the way of discus- 
sion of Dr. Bell’s paper, except to translate 
into figures of everyday-life one or two of 
the conclusions he has presented to you. 

Hicst, bwill-say.a “word in. tegard. to 
Fechner’s law, which states that the human 
eye can perceive a fixed fractional differ- 
ence of illumination, within wide limits, ir- 
respective of its absolute amount. That is 
to say, a fractional difference of 1 per cent. 
or one-half of I per cent. But when we 
translate this into practical terms, it means 
that there is a very large difference in the 
perception of different light, in regard to 
the initial illumination, whether it is high 
or low.. If we have a room lighted with 
1,000 candles, the addition of one candle 
will not be perceptible; but if we have only 
Io candles, an addition of one candle will 
make a considerable change in the apparent 
illumination; and this should be borne in 
mind—the question of contrast and the 
question of proportional illumination. So 
there is a proportional in the Fechner law, 
for the idea is for all sense organs the same 
and it applies to weights. 

There is another little point in regard 
to bright light and its effect on the pupil, 
and that is the fact that the diameter of 
the pupil is not a fixed value. It is not 
even fixed for any single illumination. It 
varies with age and refraction. The myope 
has not the same pupil as the far-sighted 
person; and so it varies with focusing. The 
eye adapted for distance is wide focused, 
and in focusing on near objects the pupil 
contracts. 

Now, it seems to me that the effect of 


contraction on illumination has been some- 
what overstated. If reducing the size of 
the diaphragm interfered with objects to 
that extent, we would be able to make a 
comparison of ourselves and be able to 
compare pupils. It does affect the amount 
of light which enters the eye, and it af- 
fects the luminosity of the entire field of 
vision; but our sharp, direct vision is lim- 
ited to a very small area of the visual field. 
If we take the visual field of 180 degrees, 
the area of distinct vision is not more than 
a few minutes; so that the intensity and 
luminosity does not depend on the amount 
of the light illuminating the entire field, 
but does depend on the amount illuminat- 
ing the objects seen. So we see that the 
pupil can be “stopped down” to the frac- 
tion of a millimeter without decreasing the 
illumination. 

Another point was the question of adap- 
tation. Dr. Bell mentions a patient who 
stumbled over an object, and whose Fech- 
ner coefficient was 1/Io of the normal. We 
find the same condition, however, when a 
person who has been in a bright light goes 
into a dark room. He will stumble over 
objects then just as this patient did. In 
him you have produced the same condition 
as in that diseased person. It takes some 
time before the eye becomes adapted to the 
darkness. At first its adaptation increases 
very rapidly. For a moment you see noth- 
ing at all, and then after a few minutes 
you see very well, so that after the first 
four or five minutes have elapsed the adap- 
tation has been very considerable, and 
there is only a gradual increase beyond 
that point, so that at the end of fifteen or 
twenty minutes after entrance into the 
dark room you see very little more than 
you did after you were in there five min- 
utes. The same thing occurs in an oppo- 
site manner when you reverse the condition 
and go out of the dark into a brightly 
lighted room, but the contraction of the 
pupil is then so violent that there is pain. 
The difference is disagreeable in its effect 
and vision cannot take place until the eye 
gets accustomed to the illumination, which 
may not be above normal. So we have al- 
ways to consider the factors of contrast 
and adaptation. 

If you take a low degree of illumination 
and increase it gradually, you can reach 
points theoretically beyond the normal. 
That is a law connected with sensation. I 
read of an experiment where a frog was 
put on a metal plate, which was very “grad- 
ually warmed—a few degrees in the course 
of several hours—and the plate finally 
heated until the frog burnt up, and the 
frog did not move. That is an absolute 
physiological experiment. The same thing 
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is true of other senses—a gradual increase 
or a gradual decrease of stimulus carries 
with it a very marked adaptation. 


Now, so much for the physiological ques- 
tion. ‘There are one or two pathological 
questions which we must consider, that is, 
those relating to the disease of the or- 
gans, the eyes. The question is often 
asked which light is the best for the eyes. 
Is the arc light best? What is the effect 
of the Welsbach? Is the incandescent 
light good? And a number of such ques- 
tions are constantly being asked; and while 
I must admit that I haven’t studied this 
question with sufficient exactness or thor- 
oughness to give a scientific answer in re- 
gard to the various lights, I think the main 
stress must be laid on practical considera- 
tions. I think the factor of light intensity 
is of much more importance than those of 
light value, wave length or of physiolog- 
ical consideration. 


The question is, What light will give suf- 
ficient illumination without too great in- 
tensity? In what way should the illumi- 
nation be distributed to get maximum light- 
ing effect with least wear and tear? And 
there is then the question of distribution 
of light, rather than the nature of the in- 
dividual source of light. 


There is one point in regard to incan- 
descent light which may have something 
to do with its bad repute in regard to its 
effects on the eyes, and that is that it can 
be brought closer to the eyes than the light 
of a candle or a gas light or a Welsbach 
light. Thus we have there other factors 
to consider beside illumination. In the first 
place, we have heat—a factor which very 
markedly affects the eyes. I will have, for 
instance, a flexible holder that allows me 
to place the light within 6 or 7 inches of 
the eye. At that distance you will get a 
very marked degree of heat, which will 
dry out the surface of the skin and of the 
eyes, and cause a sensation such as one 
would have if he stood in front of a fire or 
a stove where there was not much bright 
light. 

Now, any kind of light which is strong 


enough can affect the eyes injuriously. Di- . 


rect sunlight can be very dangerous. There 
are cases where the retina has been burned 
at its central point by people trying to look 
at the sun and keeping it up. -As you all 
know, in such a case you have an intensely 
bright after-image. That is simply due tu 
the persistence of irritation after the stimu- 
lus is out of the field of vision. If you 
persist in the attempt long enough, the 
after-image will persist for considerable 
periods and there will be something almost 
amounting to blindness. Experimenting 
with intense electrical discharges has given 
a similar blinding effect, which is usually 
only temporary. We hear of workmen 
whose eyes have been exposed to flashes 
caused by short-circuiting, or in electrical 


welding, and they believe in some instances 
that they are stricken blind. The imme- 
diate effect of this flash upon the eye is to 
cause intense inflammation near the lids, 
and this causes intense pain when you try 
to open the eye, just as if you had had alot 
of dust thrown into your eye. The eyes 
are closed, and it is difficult to open them, 
and these people think they are blind; but 
in only a very small number of cases is 
there any lasting effect on the vision. The 
same pain is caused by exposing the eyes 
to the reflected sunlight from snow; and 
the arctic explorers have all put on record 
how painful on the eyes the first few days 
on the snowfields were. A good many of 
the natives wear goggles made of horn with 
a thin slit across the center. Without the 
aid of such a diaphragm the conditions are 
intense inflammation of the lids of the 
eyes and in some cases partial blindness. 


Now, the questions of practical illumina- 
tion have been brought before your Society 
by gentlemen working in other fields.. The 
question put to us by parents and by school 
teachers is more in regard to the daylight 
illumination in school rooms; but what 
applies there will of course also apply to 
other rooms than school rooms, and to 
other rooms that are used at night with 
artificial illumination, for teaching, study, 
libraries, etc. Here again the question of 
the intensity of the light source and _ its 
proper placing is much more important than 
the theoretical consideration of wave 
length. 


Most of our public places are too bril- 
liantly lighted—the restaurants, the hotels 
and the theaters. Ideal illumination would 
be that in which the object to be seen is 
illuminated, and the minimum amount of 
light enters the eye. The ideal illumina- 
tion of an object on a wall would be to 
look at it through a telescope tube black- 
ened on the inside. In that way you would 
get illumination on the object you wish to 
see and the light from all the other sources 
is shut off. That brings us to the question 
of the concealment of light sources as 
much as possible, and the distribution of 
the light, giving a wide distribution rather 
than high illumination on one or two 
POMts cares 

We medical men have a term in regard 
to the treatment of patients termed “indi- 
vidualization,” which means to study the 
needs of a particular case, and not to try 
to put everything into one frame. The 
room in which a blackboard demonstration 
1S going on may require bright illumination 
on the blackboard and very little on the 
walls. In the case of a gymnasium or a 
ball room, they require a different form 
of illumination. A broad diffuse illumina- 
tion for a ball room, or for a gymnasium, 
will not be the kind adapted for a room 
where you are demonstrating something on 
a blackboard, or a chart. or reading a man- 
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uscript. In these last mentioned cases the 
illumination should be brilliant on the 
chosen object. 


_ The question of blackboards as afford- 


ing a contrast for light is of importance. 
The coloring of walls and ceilings becomes, 


_in large demonstration rooms, or lecture 


rooms, or libraries, of very considerable 
importance. There we might have a gen- 
eral illumination on the objects to be seen, 
but a badly colored background will undo 
much that is done by a good light. A 
great deal of attention should be paid to 
color. Color, of little importance in the 
light source, is of vast importance in a 
background; and we are taught that the 
most agreeable backgrounds for the eyes 
are those containing a great deal of gray. 
If the eye is constantly exposed to one 
form of light in primary colors, that irri- 
tates only one set of fibres, namely, those 
that respond to that wave length. White 
light stimulates all of them, and you have 
the three sets of fibres used in that case. 
White or composite light will naturally be 
more intense than light of a single wave 
length. It is almost impossible to give a 
red, green or blue light which will be as 
intense as a possible intensity of white. 
Backgrounds, if neutral, such as grays, will 
give most rest to the eyes, because they pro- 
duce little color sensation. If a little color 
is put in with the gray, it will not cause 
much color perception or fatigue; so we 
have to compromise between what we ought 
to do and what we have to do, and it comes 
down to using backgrounds as sober as 
possible in connection with the question of 
illumination. Walls, particularly in school 
rooms and where good light is important, 
should be gray-green, or a gray-blue, or 
gray with a faint suggestion of yellow; 
either of these, not too marked with the 
color, are good, restful backgrounds to 
the eye. 


The President.—Dr. Niel J. Hepburn, of 
the Manhattan Eye and Ear Hospital, is 
with us this evening. We shall be very 
pleased to hear from him. 


Dr. Niel J. Hepburn.—The previous 
speaker has covered the ground so thor-- 
oughly that there is not much left to a 
subsequent gleaner. I do not know whether 
the subject of retinal irritation in regard 
to light has been taken up. The main 
question has been the matter of the in- 
tensity of light, and in a great majority 
of the cases the object has been to get an 
exceedingly powerful light, with the re- 
sultant discomfort. Now, where I work 
I find that semi-subdued light gives best 
results, and it is certainly much less irri- 
tating to the eye. There was a curious 
observation made during the war between 


the allied forces and China in regard to . 


the visual actuities of the men there rep- 
resenting the different Powers. To sum 
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it up, I think the conclusion was that those 
contingents that came from countries 
where there was a large number of cloudy 
days had better vision than those that came 
from sunshiny districts—all of which went 
to prove that the quality of light, rather 
than the intensity, is the main factor. An- 
other thing borne out by that conclusion 
was that the yellow lights, rather than the 
white lights, are the most grateful to the 
eye; and when we go to our ordinary 
work I think we find pretty much the same 
thing. I think in actual orthomoscopic 
work we find the yellow flame is better for 
the patient and gives better results than 
the incandescent light. I know of a num- 
ber of experiments with ground glass 
globes and others of that kind, to do away 
with the image of the filaments, and then 
with the keen intensity of the light. Some 
of us have fallen back on the old gas flame, 
and some of us have even gone back to 
the kerosene flame of the lamp, because it 
is a steady flame. The continuous unin- 
terrupted power of the light, without any 
break, is a considerable factor of advantage. 
In regard to backgrounds, I have arranged 
my office so that I have a very light yellow 
tone with a gray; and people entering there 
make the remark that it looks so restful. 

The President—I see Dr. Dennett is 
here with us this evening, and I am sure he 
will be listened to with interest. 

Dr. W. S. Dennett.—It gives me great 
pleasure to come here to-night. I am 
glad to know somebody is interested in 
illumination besides the few patients who 
ask me occasionally about it. The old- 
fashioned idea of illumination, that is, for 
reading and writing purposes, was to put 
an old-fashioned light as close to your 
left shoulder as possible, having no light 
on the rest of the room, but all the light 
‘you could get on the book in front of you; 
then you could read and try to think you 
were happy. That is all over with me now. 
I am in the habit of telling people who ask 
me what they shall read by at night, and 
whether it shall be a Welsbach, or an elec- 
tric light, that a well-known authority by 
the name of Cohn said you could not get 
too much light. It is pretty hard to get 
more light than you can get from the sun. 
However, you can get it from inconvenient 
places. I put my light overhead and I 
sit where the gloss of the paper doesn’t 
irritate me, and I take pains to see that 
my hand does not throw a shadow over 
what I am writing. Then if there is 
enough light and it is a steady one, I think 
I should be satisfied. It is a question fot 
illuminating engineers to tell whether it is 
most economical to do your reading by a 
red, yellow or a green light. It is very 
easy to find that out; at least I suppose it 
is from the paper we have heard to-night, 
which is one of the most valuable I have 
ever heard on this subject. I want to say 
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further that this is the most beautifully 
lighted hall I have ever been in. The lights 
are behind and above you, and the walls 
have a pleasant neutral color; the room 
seems to have been lighted by people who 
knew how to get the comfort and _ bril- 
liancy of proper illumination. 


As for the color of light, I do not think 
that makes very much difference either in 
its bearing on health or comfort. What- 
ever your light is, if so bright that it hurts 
you to look at it, it should be so placed 
that it is inconvenient to look at it; and 
then whether incandescent, or arc, or man- 
tle, if there is enough of it, and it does not 
jiggle, it is a pretty good light. But arcs 
will sometimes flicker, and incandescents 
will go up and down when something hap- 
pens at the central station, and if it does 
not happen as much as forty times a second 
you can see it happen. But you gentlemen 
know how to prevent that. 


If your light is steady, the color is not 
of much account, except from your stand- 
point of economy, and of course that is 
your side of it. Many of these forms of 
light may or may not be artistic; but I do 
not think the color makes much difference, 
Or at, least “I's did= not think it until “Dr 
Fridenberg spoke of the tiring effect of 
putting all the strain on one set of nerves. 
Prof. Rood once told me more energy came 
with sunlight than with any artificial light, 
and if the sun doesn’t hurt you I do not 
think you should be afraid of any light 
on the market. And so commercially, 
practically, and professionally, you may 
have any light you wish if you do not get 
it too much in your eyes, and it is steady. 
The situation where you are reading in a 
dark room, with a light very near, is 
that every time you look at your book you 
make your pupil small, and then when you 


look up the room is dark and there is a. 


sudden change of adaptation of the pupil 
which is tiresome. So, get all the light you 
can get, if it is steady, and be thankful 
TOTtt 


Mr. William D’A. Ryan.—Briefly, Dr. 
Bell’s paper points out the value of even 
illumination, of low intrinsic brilliancy, 
with the light source out of the direct line 
of vision. As for the question of intensity, 
we have not yet reached a point of over- 
illumination. A few years ago.arc lamps 
on from 25 to 30-foot centers were consid- 
ered very good. ‘These distances have 
been closed up in many places until they 
are now installed on from 15 to 18-foot 
centers, and even under these conditions 
the intrinsic brilliancy is not high enough 
for comfortable and satisfactory selection 
of colored goods. It is safe to state that 
the intensity of illumination can be carried 
up two or three times the present values 
without exceeding the point beyond which 
additional illumination adds little to the 


ability to distinguish with greater clearness. 
If lamps of higher efficiency than those 
used at the present time are placed on the 
market, it will not necessarily mean a re- 
duction of the total power consumed, but 
people will be educated to the use of 
more light. 


It has been intimated this evening that — 
yellow light appears to be easier on the 
eyes than white light. I think this is a 
matter of intrinsic brilliancy rather than 
color. Aside from the question of light 
there is no doubt that the heat from an 
incandescent lamp suspended near the 
workman’s head is troublesome and in- 
jurious. I have found by experience that 
workmen who are provided with a good 
even general illumination raise less objec- 
tion to working nights than those who are 
obliged to work with a spotted illumina- 
tion produced by localized light. I do not 
think it is putting it too strong to state 
that the placing of lights in the direct line 
of vision in public buildings and elsewhere 
will sooner or later be prevented by law. 
There is a general tendency towards semi- 
concealed and totally concealed lighting, 
which will grow more rapidly as the effi- 
ciency of the illuminants improve; at the 
same time there is what might be called 
a class of intrinsic brilliancy fiends, who 
do not feel that their places are being prop- 
erly lighted unless there is more or less 
glare; This class of customers can un- 
doubtedly be educated in time. 


Mr. E. Y. Porter.—The ‘last speaker 
summed up the paper of the evening ex- 
cellently. What we want is lots of light— 
distributed light, and light of low intrinsic 
brilliancy. It is remarkable how much is 
now sacrificed to obtain low intrinsic bril- 
liancy, lake the arc lamp. SPitst cit was 
the bare arc with a brilliancy of 3,000 or 
4,000 of even 5,000 c.. p. per square inch. 
Next the arc was put in an opalescent 
globe, and then we enclosed that opales- 
cent globe within another globe, an opal- 
escent or a ground glass globe, bringing the 
intrinsic brilliancy down very much as com- 
pared with the starting point, but with a 
loss of one-half to two-thirds of the light. 
You are sacrificing very much in the effi- 
ciency, but it is worth while, and I think 
everyone will agree that the ground glass 
globe enclosed arc is much better than 
the exposed arc; and yet we are doing it 
at a sacrifice of more than one-half the 
efficiency. 


This room in which we are to-night is 
another good example. We have a certain 
intrinsic brilliancy on the walls just above 
the concealed incandescent lamps. That 
wall is the direct illuminant. That is 
pleasant to the eyes, simply because it is 
of low intrinsic brilliancy. The illumina- 
tion of this room is good simply because 
of the large area of light source, i. e., the 
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reflecting wall and ceiling; so that the total 
amount of light which we have here is 
sufficient for proper illumination. T’here- 
fore, it seems I can define the ideal light 
as one which shall disseminate the light 
from a large area at low intrinsic bril- 
liancy, steady, high efficiency, normal day- 
light color, and of sufficient volume to 
bring the illumination of the room to or 
above the limits mentioned in the paper 
read this evening. 

I feel I am only doing justice to the in- 
ventor and his associates, as well as a ser- 
vice to the science of illumination, in call- 
ing attention to the “Moore Light,” which 
has been consistently developed with the 
purpose of producing a light of this kind. 
It is nearly ten years now since Mr. D. 
McFarlan Moore read a paper before the 
American Institute of Electrical Engineers 
in which he called attention to the need of 
low intrinsic brilliancy, with large area 
of light source, and that idea has been 
carried out in his own work, so that the 
“Moore Light” as produced to-day starts 
with an efficiency as high as 114 watts per 
c.p. and at an intrinsic brilliancy of from 
4 cp. per square inch to a maximum of 
about 1% c.p. to the square inch. This is 
a brilliancy which cannot be objectionable 
to the eye, as there is no need of sacrificing 
initial high efficiency or covering or con- 
cealing the tube to diffuse the light, since 
it is already so thoroughly diffused. More- 
over, the color.and intensity can be adapt- 
ed to the necessities of the case in hand. 

Mr. Ryan—lIs that candle-power the 
mean spherical, or the candle-power at 
right angles to the tube? 


Mr. Porter.—The candle-power is meas- 
ured by taking a small section of the tube, 
% or %& foot, and comparing it directly 
with a standard Hefner lamp in a portable 
photometer. That section, 1% inches by 
14 inches, compares approximately in size 
with the incandescent lamp; and the light 
is measured at right angles to the axis of 
the tube. 


The President.—The remaining speakers 
will be limited to five minutes. We will 
now hear from Mr. Cravath, of Chicago. 

Mr. J. R. Cravath.—I have not given 
the paper sufficient study to discuss it in- 
telligently, but some of the practical points 
which have come up since the paper was 
read I would like to touch upon. Let us 
consider the statement made on page 5 
of the paper, where Dr. Bell says: “There- 
fore it plainly appears that at I or 2 foot- 
candles the eye is working so near its nor- 
mal sensibility that further increase in 
illumination is of relatively very small 
value.” 


I quite agree with him in his conclusion 
that 1 or 2 foot-candles is sufficient for 
ordinary reading; but I do not agree with 
him that it is at all sufficient for close 
work such as draughting, or anything like 


fine work. In the case of draughting, where 
a draughtsman must trace through a thick- 


ness of tracing cloth and where the actual 


foot-candles under the tracing cloth is the 
important point, I do not think 10 foot- 
candles are too much. I agree with Mr. 
Ryan and the other speakers that we are 
not in practice likely to reach an unsafe 
intensity of illumination. We must con- 
sider, however, that with very intense 
sources of light the reflection from paper 
and other surfaces upon which we are 
working is much more hurtful physiolog- 
ically than if we were working by day- 
light; so with artificial light we have to 
be careful about our intensities unless we 
see that our sources of light are well dif- 
fused. 

One other point, and that is as to the 
effect of reading in a darkened room with 
a bright light on the paper and the rest of 
the room comparatively dark. My position, 
based on my own personal impression, is 
that\.we \can= go too far in, ‘or not far 
enough in, darkening the sides of the 
room; I think there is a happy medium. 
The eyes crave a little rest from reading 
and occasionally we glance up, possibly 
only for a small fraction of a second, but 
it gives the little rest needed. Of course, 
when we look up, if we glance into a dark 
room the change is very great, while on 
the other hand, it may not, with brilliant 
general illumination, be great enough to 
be restful. 


A question on which I should like to 
hear is whether it is advisable in an audi- 
ence room or theater, supposing we want 
to bring out objects on the platform or 
the stage, to turn out entirely the lights 
in the back part of the room and leave 
only the stage or the platform lighted? 
My impression is that it is easier on the 
eyes if we do not darken too much the 
rear part of the room. I think that mignt 
be discussed with profit. 


A Member.—Answering Mr. Cravath’s 
question as to whether it is more desirable 
to have some of the lights in the rear of 
the audience rather than on the stage, I 
speak from observation. I find it is easier 
on my eyes if some of the lights not con- 
nected with the footlights are burning; 
and I find I can see better when there is 
a calcium light projected from the rear, 
rather than when the lighting is all from 
the stage footlights. 


Dr. Clayton H. Sharp—I wish to draw 
attention to a statement appearing on page 
10 of the paper read this evening: “The 
comparison of colored lights involves this 
phenomenon to a very serious extent, and 
in particular all extinction methods are 
vitiated by it, save when used merely for 
the comparison of lights of similar color 
or for the actual measurement of very low 
intensities. Any photometric device which 
can be used on colored lights with co- 
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herent results by both the normal and the 
colored line, owes its apparent efficacy to 
the disregard of part of the spectrum which 
is generally useful.” 

In this connection I wish to draw atten- 
tion to the fact that the electrical engi- 
neer instituted a comparison of street 
lights by the extinction method; that is, 
by using different sources of light in de- 
ciphering print. 

This statement of Dr. Bell’s, with which 
I heartily agree, points to a source of error 
which may be incurred by using this meth- 
od in comparing lights of different color; 
and I think this Society should oppose the 
introduction into common practice of this 
method of comparing lights until we are 
better satisfied of the value of it. 


Mr. E. L. Elliott —The statement of one 
of the speakers, that, “as long as we have 
plenty of light and are comfortable, is all 
that is necessary; we need not trouble 
ourselves about getting too much,” re- 
minds me of Dr. Wilder’s advice as to 
food. He said: “So long as you have suf- 
ficient to eat and it ts decently cooked, you 
needn’t bother about what it is.’ How- 
ever, I think there is a limit to be placed 
on the statement; one may eat too much, 
even of good food; and doubtless more 
stomach troubles are due to overeating 
than to the bad quality of food. I think 
the same thing may be true of light; we 
can get too much. 


One of the most’ common maxims set 
down by those treating of illumination is 
that light sources should be kept high up, 
out of the line of vision. That seems an 
obvious truth, and I know I began preach- 
ing about it ten years ago, when I first 
became interested in illumination, and con- 
tinued until I found I was mistaken. I 
found there were positions for lights that 
were worse than on the level with the eye. 


I found in a room in which there was a 


cluster of three lights placed almost di- 
rectly over my head, that it was impos- 
sible to read without excessive strain on 
the eyes. That led me to observe similar 
cases, and judging from my own observa- 
tion I have come to the conclusion that 
strong lights high above are at least as 
fatiguing as lights on a level with the 
eyes. I have accounted theoretically for 
this by assuming that light coming down 
from overhead strikes the eye at an un- 
usual angle, and is fatiguing for the same 
reason that light reflected from snow is 
fatiguing. Even the frosted lights in this 
room were fatiguing to me when I en- 
tered. I think I would prefer to have 
them on the line of vision and diffused, 
rather than on the ceiling and exposed. 
Mr. C.: HH... Vom Baur—There is° one 
thing which Mr. Ryan brought up, and 
that is, he said he thought a person would 
get red blind by working under a mercury 
arc for six months. I have known men 


to work for six months, a year, and even 
a year and a half under these mercury 
arc lamps in machine shops and other 
places, and they are still able to distinguish 
a carnation from a corn flower. 


Mr. V. R. Lansingh.—I wish to call at- 
tention to the practice of the Treasury De- 
partment of the United States Government 
relative to the intrinsic brilliancy of globes. 
The engineers appreciating the necessity of 
diffused light, endeavor to keep the inten- 
sity as low as 1/6 of a candle-power per 
square inch, which is perhaps below the 
ordinary standard practice. Bythis is meant 
that if.in a globe 6 inches in diameter hav- 
ing a surface of about 96 square inches a 16- 
c.p. lamp were placed, we would have 6 
square inches of surface per candle-power. 
This is simply the method of rating adopt- 
ed. They endeavor to bring diffusing 
globes on the same chandelier to the same 
intensity per square inch. Thus, if a I2- 
inch sphere and a 6-inch sphere were on 
the same chandelier, four times the candle- 
power would be placed inside the 12-inch 
that isin the 6-inch as the surface area 
would vary as the square of the diameter. 

Mr. Bushnell, of the Chicago Edison 
Company, has had a great deal of trouble 
with his eyes and has undergone a long 
siege with the oculist. This, he claims, is 
due to the painful effects of red rays, in- 
asmuch as he was compelled to work many 
hours under artificial light. In order to 
correct this effect, he wore blue glasses for 
a long while. He, therefore, claims that 
an illuminant with its maximum intensity 
in the lower part of the spectrum is much 
more harmful than one having its predom- 
inant rays in the upper part of the spec- 
trum. In plain language, even the en- 
closed arc light with its violet rays is eas- 
ier on the eyes than the standard incan- 
descent lamp. My own experience has 
been the opposite of this, and I should like 
to hear from some of the oculists present 
as to which they consider the correct view. 

The President—I think the answer to 
that question would involve a little study, 
but we would be glad to hear from Dr. 
Dennett. 


Dr. Dennett—I would like to say that 
I do not know. 


C. H. Vom Baur (communicated after 
adjournment.)—Mercury arc lamps of the 
Cooper Hewitt type have been in factories, 
offices, and various other places for over 
three years, where they have given entire 
satisfaction in every way, especially with 
reference to effect upon the eye, this be- 
ing due largely to its high glow value and 
its peculiar color. It has been proven that 
the color of the mercury arc in its diffused 
form does not break down the yellow pig- 
ment of the eye faster than it can be re- 
stored, which is another indication of its 
usefulness as an artificial illuminant. In 
further confirmation of the above, it is in- 
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teresting to note the opinion of Dr. Stein- 
metz, quoted below from The Electrical 
World and Engineer, of February 21, 1903, 
on the color of the mercury arc: 


“The most prominent feature of the mer- 
cury arc is its bluish-green color. This is 
due to the deficiency of the mercury spec- 
trum in red and orange rays. This fea- 
ture is objectionable in some cases and 
advantageous in others, and will probably 
give the mercury arc a distinctive field of 
its own. Extended investigation showed 
that the harmful physiological effects of 
light, as observed when working for a 
long time with artificial illumination, are 
not due to the lower intensity of artificial 
illumination compared with daylight, but 
rather to the red and orange rays which 
predominate in the artificial illuminant. 
These harmful effects disappear by exclud- 
ing the red and orange ray. The mercury 
arc, therefore, is the only known artificial 
illuminant which is perfectly harmless, and 
thus, it is especially suited for use where 
accurate work has to be done by artificial 
illumination, as in draughting rooms, 
offices, factories, etc. In this respect it 
differs from the Welsbach gas light, in 
which the greenish color is due to an ex- 
cess of green rays, superposed upon an 
excess of red and orange rays, and which, 
therefore, does not have the same harm- 
less feature. 


“A strongly noticeable feature of the 
mercury arc is its penetrating power re- 
garding distance. While the intensity of 
radiation obviously decreases for all col- 
ors proportional to the square of the dis- 
tance, the sensitivity of the eye with de- 
creasing intensity decreases much faster 
for red than for green and blue rays, so 
that the apparent physiological intensity of 
bluish-green light decreases with the dis- 
tance much slower than with the red light; 
that is, of a red and green light of equal 
intensity the red light will appear much 
more intense and glaring at a short dis- 
tance, while the green light will appear 
much more intense at a greater distance. 

“For color matching, however, the light 
of the mercury arc is unsuitable, as is also 
that of the gas or kerosene flame, only that 
with the latter the blue appears blackened, 
while with the former the red appears 
brown and the blue retains its full bril- 
liancy. 

“The mercury arc gives specially bril- 
liant effects wherever green is the pre- 
ponderating color, and is thus best suited 
for suburban street lighting, lighting of 
country seats, greenhouses, etc. The sup- 
pression of the red colors gives all vegeta- 
tion an especially vivid and fresh appear- 
ance, and the strong actinic character of 
the light gives a fluorescent sheen to many 
substances usually not recognized as fluo- 
rescent, stich as glass, snow, etc. For in- 
door illumination in private residences the 


mercury arc is, owing to its color, not well 
suited, except when there is added to it 
the red and orange rays. This, however, 
lowers the efficiency owing to the inherent-. 
ly lower efficiency of red and orange light.” 

E. Y. Porter (communicated after ad- 
journment.)—The question by Mr. Ryan 
relative to the method of measurement, 
and the mean spherical candle-power of the 
Moore tube light, raises an important and 
interesting point in photometry which it 
was not possible to touch upon at that 
time. 


Properly speaking, there can be no such 
thing as mean spherical candle-power when 
applicd to a light source having but one 
dimension, namely, a linear dimension. The 
term “mean spherical candle-power” is 
simply a roundabout way of expressing the 
flux of light from a given source, and has 
come into use only because the sources 
of light have hitherto been approximately 
points of light. When we. speak of a 
source of light giving one “mean spherical 
candle-power,” we really mean a source of 
stich intensity “that if its rays. radiated 
equally in all directions from the center 
of an imaginary sphere of 1 foot radius, 
then the illumination on all parts of such 
sphere would equal 1 “foot-candle.” Or, to 
put it in Hefner-metric measure—one mean 
spherical Hefner-unit, or one “lumen,” is 
equal to the flux of light through one 
square meter of the surface of the sphere 
ef a radius of I meter, when the source 
is a point of light of the same intensity 
as a standard Hefner lamp and whose ra- 
diation is equal in all directions. This is 
a unit applicable to all cases without ref- 
erence to the form of illuminant. 


Every part of a Moore tube radiates its 
light equally in all directions along planes 
perpendicular to the axis of the tube. 
There is also radiation from each particu- 
lar point at other angles than perpendicular 
to the axis of the tube, but such disper- 
sion is compensated for by an equal dis- 
persicn from adjacent sections of the tube, 
so that the effect is the same as if the 
light from each position—say each linear 
centimeter—followed only a path perpen- 
dicular to the axis, but in all directions 
along this perpendicular plane section. 
Therefore it follows that the dispersion is 
strictly proportional to the distance, or, in 
other words, that the illumination is in- 
versely proportional to the distance from 
the tube instead of to the square of the 
distance, as in the case of light from a 
point. This fact is one of the causes for 
the remarkably uniform illumination of a 
room when lighted by a Moore tube. When 
a Moore tube is measured by the portable 
photometer used for the purpose, it is 
measured as a spot light. That is to say, 
a small section of the tube is compared 
with the light from a standard Hefner 
lamp, the result being simply a measure 
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of the intensity of the light along a line 
perpendicular to the axis of the tube in 
Hefner units; and since, as shown above, 
_ the intensity is the same at all points on 
an imaginary cylinder whose axis is the 
axis of the tube, we may calculate the 
total luminous flux directly in lumens for 
any tube whose length is great as com- 
pared with its diameter. 

To take a concrete case, suppose 4 cm. 
length of tube were measured in a pho- 
tometer against a Hefner lamp, and found 
to have an intensity of 2 Hefners or 0.5 
Hefner per cm.; the total flux per meter 
length of tube will then be 0.5 x 100 x 2m 
= 314.16 lumens; or in English measure 
taking one Hefner = 88 cp. and 4 cm. = 


2 
1.58 inches, then wee SM 2 OO aed 387, 
rs 
cp. per toot, and 13.472x: 27 =64 1001 
candles per foot of tube. 

Of course, there is a certain amount of 
light which follows lengthwise of a Moore 
tube and emerges at the corners, but no 
account is taken of this in figuring the 
efficiency, although it does assist in the 
general illumination of a room, especially 
if the bends are numerous and the walls 
of the room are good reflectors. 





TOPICAL DISCUSSION BEFORE 
NEW ENGLAND SECTION 


At a meeting of the New England sec- 
tion of the society, held in Boston on June 
26, the following list of topics was pre- 
sented for discussion: 

1. To what extent in practice can the 
distribution curve of a lamp be modified, 
by shades or otherwise, to throw the light 
in certain directions? 

_ 2. Would you advise Welsbach lighting 
in large store windows? 

3. Can Nernst lamps be run commer- 
cially in series, or arranged in any way 
for voltages above 240? 

4. To what extent can the rule for keep- 
ing lights out of the range of vision be 
followed in halls, churches, etc.? 

5. Is there any standard that can be 
used in the selection of Welsbach mantles? 

6. What is the best economy with Wels- 
bach mantles—to purchase a_ high-grade 
mantle and use it until it breaks, or pur- 
chase several cheaper grades for use the 
same length of time as the one of high- 
grade quality? | 

7. What is the best method of lighting 
high rooms, using small units, to get good 
distribution on the lower five feet of the 
room? 

8. Is the present state of development 
of acetylene generating apparatus such as 
to justify its use with safety by non-tech- 
nical people? 

9. Do central station men use any sys- 
tem of replacement of series incandescent 


lamps when they have become blackened, 
as is frequently done with multiple lamps? 

to. What is at present the most satis- 
factory means of measuring interior illu- 
mination? 

t1. Where colors are to be selected or 
matched by artificial light, what is the 
best method of determining the suitability 
of the illuminant? 

12. In making a survey of, say, a dry- 
goods store, with a view to bettering the 
illumination, what is the best method of 
procedure, and how can the results best 
be presented? 

13. To what extent can electric lamps 
that give off fumes be used for interior 
lighting ? 

14. For what purposes is the new flaming 
arc lamp best adapted? 

15. To what extent is acetylene used for 
town and city plants, and how do the op- 
erating expenses compare with respect to 
water or coal gas lighting? 

“16. Can a mantle be used to any com- 
mercial advantage with the acetylene sys- 
tem? 

17. What is the probable field of alcohol 
in connection with lighting? 

18. What is the effect on the light and 
life of a Welsbach mantle of change in 
the gas pressure? 

19. Is it.ever practicable ‘to use alter- 
nating-current enclosed arc lamps on a 
frequency of less than forty cycles; if so, 
in what cases would this be allowable? 

20. What are some examples of the best 
illumination you have observed? 

21. What would you suggest as the 
most practical means of increasing the ef- 
ficiency of modern illumination? 

22. What methods do contractors gen- 
erally pursue in locating either gas or elec- 
tric lights on new work? 

23. What objection could be raised to a 
street-lighting system, whereby the light- 
ing company would agree to furnish a cer- 
tain number of light units per street mile? 

24. Has the inverted mantle been used 
successfully for street lighting? If not, 
why not? . 

25. How do the results in street lighting 
with gasoline compare with those from 
lamps connected to the gas mains? 

260. What is the best method of distrib- 
uting light for a bowling alley? 

27. How can the flickering of the electric 
arc be reduced so as to nullify its injuri- 
ous effect on the eye when used for cler- 
ical work? 


DISCUSSION. 


Mr. John Campbell, Chairman.—There 
are perhaps some of these questions that 
are of more general interest than others. 
I will try to pick out questions of most 
general interest and value. I think, per- 
haps, Question 22 would be a very good 
one to start with: “What methods do con- 
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tractors generally pursue in locating either 
gas or electric lights on new work?” 


Mr. N. W. Gifford—I can say from 
my experience that perhaps this questiou 
has been handled in practice about as New- 
foundland skippers are said to handle their 
vessels in the fog. They say,—‘In the 
name of God, go ahead.” 


Mr. A. T. Sampson.—I am rather in- 
clined to think that the last speaker closed 
the subject. The question of volume of 
light in certain rooms or certain areas to 
be covered varies so much with the colors 
and effects in general that it is rather a 
hard problem to state any particular meth- 
od which we have adopted. It has been 
more a question of looking over the par- 
ticular room or area to be covered and 
making practically a guess from experi- 
ence as to what amount of light is neces- 
sary. Of course, in a show window we 
plan to do concealed lighting as much as 
possible—to throw the light as nearly as 
possible on the goods or on the area from 
the side at which it is to be looked at. In 
some cases where they are to be placed 
high, we light from below as well as from 
above. I am afraid I cannot give you any 
definite figures as to the amount of light 
for certain areas. I would like to hear 
from somebody else on this subject. 


Dr. Louis Bell.—I want to say a word 
from the standpoint of the consulting en- 
gineer, in behalf of our much abused friend, 
the contractor, in dealing with questions 
of this sort. The expressions of opinion 
we have heard as to the way of going 
ahead may be taken half in jest and half 
in earnest; but the contractor is between 
the devil and the deep sea all the time. 
He has no specifications of value, because 
until within almost a few months the en- 
gineering side of this thing had not been 
to any extent taken up. The question of 
distribution of light from a scientific stand- 
point so as to give any basis whatever to 
go on except the intelligence of a solitary 
man, has not been dwelt upon, and it is 
a pretty hard situation. One of the things 
we should do is to straighten this out, for 
the contractor from the beginning of his 
work is between the burdensome rules of 
the underwriters, which compel him to do 
things in certain ways on the one hand, 
and on the other hand is continually up 
against the necessity for cheaper and 
cheaper work. The customer needs to be 
educated to the realization that there is 
such a thing as a superlative degree of 
light, and the contractor ought to be urged 
to go into it on that line instead of being 
asked to bid on a practically blank specifi- 
cation, the job to go to the lowest bidder. 
I do not think the contractor has had a 
fair show, either in the way of rules for 
proper lighting or for doing the work as 
his own skill would dictate, for he is all 
the time up against the idea that the build- 


ing must be lighted for about half what 
should be the price for doing the work 
well. I think this is one of the objects of 
this Society—to get together with the con- 
tractor and help him out of that scrape. 
I am glad, for that reason, that we have 
some contractors with us. 


Mr. G. R. Stetson—I was very much 
impressed in reading, recently, a report of 
the New York meeting, with the fact that 
lighting had gotten to be an art—that we 
must have lighting engineers to study this 
subject and make it a specialty which will 
class with electrical engineering. In the 
first place, that engineer must have a thor- 
ough acquaintance with all kinds of hghts 
that are to be used, and these are very 
numerous. He has also got to meet the 
tastes of his customers in regard to the 
colors of the different rooms to be lighted. 
In mansions such as are, spoken of in the 
New. York report, there is no limit to the 
desires of the owner for the elegant and 
finished product. Now that same owner 
desires different finishes in the different 
parts of the house, and the different shades 
of finish of the rooms make a very great 
difference in the amount, character and 
quality of the light you want to use, and 
all that has got to be specialized and stand- 
ardized; therefore a lighting engineer be- 
comes a necessity. I am satisfied that the 
practice of illuminating engineering can be 
erected on a scientific base and made a 
legitimate profession, and I believe there 
will ultimately have to be, as there are in 
New York and some other large cities 
now, men who will give their time to this 
subject and handle it as a specialty. That 
is entirely beyond the possibility of a man 
who is managing somewhat actively a good 
sized plant. He cannot study the kinds ot 
light, colors or rooms, etc., which are fac- 
tors in the proper solution of illumination 
questions, and at the same time attend to 
his business as an electrical engineer. There 
must be still further specialization, and 
that, I believe, implies a profession that 
is being now developed—an engineer who 
makes a study of light to obtain the best 
results—and from that study we can all 
receive the benefits. It is a scientific and 
intricate matter, involving interior finishes 
of various kinds, and a great number and 
character of lights, and also their different 
effects with respect to colors. So far as 
the general contractor now works along 
these lines, I presume he has two objects 
in view; one is to see what is the limit 
the employer will stand on the 10 per cent. 
basis on which he puts in all the lights, 
and the other is the best he can do with 
the amount of money available. That is 
the condition the engineer has to meet. 

Chairman Campbell—We will next take 
up Question 4, as being in line with the 
previous question. I think all the mem- 
bers of the New England section who have 
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sat through the meetings in this building 
realize that there are some possibilities in 
that line which have not been reached in 
this hall. Question 4 is now open for dis- 
cussion. “To what extent can the rule for 
keeping lights out of the range of vision 
be followed in halls, churches, etc.?” 

Mr. W. H. Gardiner, Jr.—I would like 
to call to the mind of those who were at 
the National Electric Light Convention, in 
Atlantic City, the unusually glaring lights 
in both the exhibition hall and the theater. 
The lights had unfrosted globes in the ex- 
hibition hall, studded all over a white ceil- 
ing. You could not get anywhere in the 
room without most of the globes in the 
ceiling staring you in the eyes. The ceil- 
ing was very low, and it was extremely 
trying in the auditorium where the meet- 
ings were held. There were a number of 
wooden arches, and each one was outlined 
in- untrosted (lamps: 7 Ichere. -wasalso:-a 
horizontal line of lamps running down the 
building about 8 or io feet above the floor. 
I could not well conceive of a more try- 
ing scheme of illumination than. existed 
there. In that case it would have. been 
quite possible by very cheap shades to 
have screened the majority of those lights. 
In the ceiling lights, for instance, there 
was no demand for the artistic, and there 
would probably have been no objection to 
a simple tin shade of conical shape to 
throw the light from the ceiling lights 
down on the floor. The intense effect of 
the light then would have been mitigated 
and it would have been considerably above 
the line of normal vision. In the audito- 
rium the light could have been thrown on 
the stage by reflectors such as are installed 
in the New York subway, where each mo- 
torman is protected from the direct light 
of incandescent lamps by having them 
shielded so that the light is thrown in the 
direction of the train. That is a thing I 
have not noticed in the Boston subway. It 
is a very good point, I think, in subway il- 
lumination. 

Mr. W. W. Cummings.—I think this is 
the first evening that this chandelier here 
in the hall has not been lighted, and I 
think many of you who have been here 
have noticed at once the beneficial effect 
on the eyes in having that out rather than 
lighted. I have noticed this glaring effect 
in several cases, particularly in church 
lighting, and perhaps more particularly in 
Catholic churches, where the altar is sup- 
posed to have lights from artistic consider- 
ations rather than from necessity, and 
where many of them are so arranged as to 
form arches, outlined by incandescent 
lamps. I have one case in mind where the 
church was so illuminated, and there was 
a very depressing effect on the eyes of the 
people looking directly at these lights. 
Afterward these lights were taken out and 
replaced by larger units which threw the 
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light directly under the altar and into the 
part of the church in the rear. The effect 
of the change was very good indeed. In 
the same church there were brackets, each 
with two incandescent lamps, neither 
shielded nor shaded, and the effect on the 
eyes of the people at the back of the church 
was very bad indeed. These were after- 
ward changed to one single, larger incan- 
descent lamp with a shade on the part fac- 
ing the rear, throwing all the light toward 
the front. In that way the people got the 
light on the pulpit, which they needed; and, 
on the other hand, to a person in the rear 
of the church there was hardly any light 
perceptible save reflected light. The effect 
of the change was really remarkable. I 
think that in public speaking a great deal 
of supposed dulness of many speakers 1s 
perhaps due to the glaring effect of the 
light as much as to the speaker. There 
have been halls lighted in this city in 
which the light came from concealed lamps 
in the corners. IJ think Marston’s restau- 
rant is lignted that way on the principal 
floor. That goes to show, I think, that al- 
though illumination as an art is taking 
rapid strides now, it was not considered in 
the past. I think there is a large tld for 
that kind of work in halls. 

Mr. N. W. Gifford—I have in mind a 
comparatively small hall—very low stud- 
ded, not much over 11 feet—where an in- 
stallation of unfrosted incandescent gas 
lamps was placed. There were four chan- 
deliers of four arms each, with No. 2 burn- 
ers, I think, and on the walls, two on each 
side, little lamps with quite heavily frosted 
globes. The color was very good for light- 
ing in that the walls were a light yellow 
tint. The ceiling was white, and I am 
told that the lighting effect is very pleasant. 
It_ystts sme. very: wells to look at, ihe 
lights are sufficiently frosted that there is 
no objection to looking at them, as one 
would have to do in a hall of that kind and 
size. 

Mr. H. E. Allen—The auditorium of 
New York Edison Company, Twenty-sev- 
enth street, New York, is an example of 
working in the right direction, although it 
is not altogether perfect. The hall is light- 
ed by means of incandescent lamps con- 
cealed around the walls, throwing the 
light on a semi-circular cornice. That pre- 
sents a surface brightly lighted to the eye 
all the time. Then below those lamps the 
rest of the wall is dark, and anywhere you 
look around the room your eye is con- 
stantly meeting a brightly lighted surface 
and a less brightly lighted surface. It 
seems to me that some scheme like this 
on a high studded room would be very 
good. If you can shield the lights from 
sight and then throw the light on a re- 
flecting surface and downward, you accom- 
plish the desired object. 


Dr. Bell.—In trying to light a space of 
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this character there are two methods avail- 
able, each of which is capable of giving 
perfectly good results. In the first place, 
we can place the lamps very effectively in- 
deed, but at a risk of localizing the light 
too much. <A properly arranged cornice 
need not do this, but cornice lighting is 
not particularly efficient from the stand- 
point of energy. The other method is in 
the use of diffusing globes which are ac- 
tually capable of cutting down the intrinsic 
brilliancy to a reasonable point. Almost 
nothing has been done so far in finding out 
the limitations within which one can go 
and still have a light which is all right for 
the eye. Almost nothing can be found. I 
said, about a year ago, that the outside 
limit was something like 5 candle-power 
per square inch. I think that limit is tow 
high. The limit in this room is Io can- 
dle-power, and they have deliberately put 
on frosted globes, but looking at any one 
of these little lamps you see that the in- 
trinsic brilliancy is far in excess of any 
reasonable limit. If you look at the larger 
globes you will still-see that this is true. 
The moral is that we want to get a globe 
which will actually cut down the intrinsic 
brilliancy per square inch to a reasonable 
extent and yet leave the light well diffused. 
That has not yet been produced in a globe 
which does not cut off a very large per- 
centage of light. If one could get, for ex- 
ample, a globe the size of the larger globes 
used in this room, with a good distribution 
over the entire surface of the globe, you 
would have a radiant which will give very 
effective lighting indeed, and still could 
be tolerated in the range of vision; there 
‘are cases where you must put the light 
within the range of vision. That particular 
thing, a diffusing globe for cutting down 
the intrinsic brilliancy, has not, as far as 
I know, been introduced, and it is up to 
the men who make fixtures and globes to 
put a lot of study on that point so as to 
‘give us a light which will keep the intrinsic 
brilliancy down to about 3 candle-power 
per square inch and distribute that evenly 
over the globe. Given that, and this prob- 
lem is capable of solution, because you can 
then put the radiant within the range of 
vision without hurting the eyes. The lim- 
its we have now, give a great deal more 
light than is necessary. I hope this will 
be done some time. 

President “Lz -B..- Marks.—Just a few 
‘words in regard to a hall in New York 
City for which I designed the illuminating 
lay-out. I refer to the Gothic Chapel of 
‘the College of the City of New York, 
‘which is almost completed. This hall is 
roughly 150 feet long, 90 feet wide and 
70 feet high, and will seat about 3,500 
people. When the question of illumination 
was first discussed, it was thought that side 
lighting would offer the only. practical 
‘means of getting a soft illumination along 
the working line—that is to say, about 2 
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feet 6 inches from the floor. Subsequently 
however, the following plan was adopted: 
Three clusters, each containing ninety-six 
32-candle-power lamps, were mounted 
equally distant at 35 feet from the floor 
line. The lamps of these clusters were 
provided with suitable reflecting shades. 
In this connection I would say that it is, 
as you know, extremely important to select 
the proper reflecting shades. There is only 
one type of shade that I know of at the 
present time that will send the light down 
in two lobes—that is to say, divided equally 
on both sides in a wide room. This shade 
was selected for the particular purpose. 
None of the lights will be within the ordi- 
nary field of vision, and it has been figured 
that the illumination on the working plane 
will be approximately 114 foot-candles, 
which is a very good reading light, par- 
ticularly for a chapel of that kind. In 
order to introduce a softening effect in 
the illumination it was decided to install 
a number of side brackets (ornamental fix- 
tures) along the side walls, these fixtures, 
however, being principally for decorative 
lighting. We are used to rooms which are 
illuminated by daylight from windows at 
the side, and therefore it is quite impor- 
tant in some cases to install side brackets 
to give side illumination, but great care 
should be taken when the lights are within 
the range of vision, as they usually are in 
such cases, to reduce the intrinsic bril- 
liancy to a very low degree. For lighting 
the stage in the chapel, to which I have 
referred, an ordinary trough reflector will 
be used. The lights, of course, will be 
concealed from the view of those in the 
audience. 

Mr. Allen—I would like to ask the 
amount of energy in lighting up the church 
or the basis of the floor area. 

Mr. Marks.—The total energy is slight- 
ly under 2 watts per square foot of floor 
space. 


Mr. Sampson.—I would like to ask Mr. 


Marks the type of reflector that is used. 


Mr. Marks.—In this particular case the 
Holophane reflector, Class B, was used. 
Naturally, considerable of the light goes 
up and illuminates the ceiling, which is an 
important matter. A dark ceiling is al- 
ways to be avoided. 

Mr. Sampson.—It seems to me that the 
lighting of a small hall, for instance, 12 
feet or lower, is a problem, and I think 
that some scheme may be carried out of 


reflecting the light forward—that is, using 


some type. of artistic fitting that will be 
shaded on the back and more open on the 
front, throwing the light toward the front. 
Of course, in this hall one of the particu- 
lar objections is the mirrors right in the 
front of the room. — 

Chairman Campbell—The next question 
is Question 1. “To what extent in prac- 
tice can the distribution curve of a lamp 
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be modified, by shades or otherwise, to 
throw the light in certain directions?” In 
this connection I would say I received a 
communication from Mr. J. S. Codman, as 
follows: 


“There is no doubt, whatever, that re- 
flectors and even enclosing globes affect, 
to a very great extent, the distribution of 
light from light sources. We know this 
from careful tests made with photometric 
apparatus by experts, but it is also a simple 
matter to demonstrate it to our own satis- 
faction. A piece of wnite paper wrapped 
into conical form and placed in proper 
position relative to an incandescent elec- 
tric lamp will more than double the tip 
candle-power, and it requires no photo- 
metric apparatus to make one feel sure of 
the truth of this, if the experiment is tried 
where extraneous light will not interfere. 
With first-class reflectors there is no diffi- 
culty in increasing the tip candle-power of 
a 16-candle-power lamp from 7 candle- 
power to over 100. Results of similar 
magnitude can‘*be obtained equally well 
with other sources of light. For instance, 
the shadow of the burner thrown down- 
ward by an incandescent mantle can be 
completely obliterated by the use of a 
proper reflector, and, what is more remark- 
able, this can also be done by a globe of 
the right type, even though the source of 
light is entirely surrounded. ‘Those who 
have not looked into the question may pos- 
sibly have some doubt about the light in- 
creasing properties of reflectors, but it 
should be remembered that the increase is 
obtained only in certain directions at the 
expense of other directions, and that the- 
oretically, if all the light from a source 
could be concentrated into a line of light, 
the candle-power in that one line would be 
infinitely great.” 

Mr. Cummings.—I think perhaps there is 
more to work on in the line of illuminating 
engineering in studying curves of lamps 
than in any other one thing. I do not 
know whether all are familiar with the 
curves of lamps. Of course, those of us 
who have studied the technical side know, 
but perhaps some here do not know. ‘The 
curve of a lamp, we will say, is the curve 
formed by the candle-power as shown by 
photometric readings. The arc lamp gives 
two lobes of light having downward 
axes of about 45 degrees. It will be easily 
seen that the distribution is dependent iu 
such a case on the height of the :amp. 
That is, an’arc. lamp within © ‘feet of the 
floor would throw on the floor a circle of 
very brilliant light, and outside would be 
darkness. If you raise the lamp there is 
a certain point at which the illumination is 
very nearly uniform. Now, with the com- 
mon 16-candle-power lamp the curves are 
very nearly horizontal each side of the 
light, and for that reason very little comes 
from the tip. I had occasion not very long 


ago to illuminate a dwelling house, and Il 
hardly thought there was anything [ could 
do to improve the old-fashioned way of 
using a few fixtures throwing the light in 
various directions. I did, however, by 
bringing the lamp up about 7 or 8 feet from 
the floor, and by the use of a shade, throw 
on an illuminated area, which was about 
the height of a table, light which was al- 
most of uniform intensity. It is surprising 
what a different effect it has on the room. 
It gives a larger appearance. Again, on a 
wall bracket, by using another shade such 
as Mr. Sampson spoke of, light is thrown 
quite a distance from the center of the 
room. It can be perceptibly noticed that 
the shadow will follow the light by turning 
that shade around in a common arm 
bracket. The old “Meridian” lamp was a 
fairly good style of lamp to give uniform 
distribution on a small area. I think pos- 
sibly that is the reason the gas arc-lamp 
gives very good results compared with the 
electric arc under certain conditions. The 
curve of a Welsbach lamp follows very 
closely that of the “Meridian” lamp. I 
think there is more in this matter than in 
any other thing concerning illuminating en- 
gineering. 

Mr. Stetson—A few years ago there was 
an effort made to light our cotton mills 
by the use of arc lights with reflectors from 
below, throwing the light up on the wall 
and reflecting it back again on the work 
below. We made some experiments in 
that line, and the effect was very pleasant, 
but the loss of light was more than the 
manufacturers wanted to stand. The light 
was diffused over the work and over the 
floor with very much the same uniformity 
you have in daylight. The brilliant light 
that was referred to was lost entirely and 
you could not see the arc light at all, but 
the light received from the reflector gave 
very pleasant results. It was too expensive, 
however, for general adoption. If there 
was anything further done in that line lI 
would like to know of it. 


Mr. Allen—I would say that formerly 
we used a lamp with a reflector that threw 
the light on the ceiling, but unless we kept 
the ceiling perfectly white the amount of 
light was very small. Since that time they 
attached a reflector to the lamp and the 
light is reflected on the white surface and 
re-radiated. -In cases where you do not 
care whether you have sharp shadows or 
not, the lower shade is done away with 
and the reflector is turned down to catch 
all the light that comes above the horizon- 
tal, which breaks up the shadows to some 
extent, but does not sacrifice the efficiency 
of the lamp. 


Mr. Gardiner—Mr. Stetson’s remarks 
call to mind that in my experience the 
customer, and particularly public officials, 
are apt to consider altogether too much the 
quantity of light in their payments for 
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lighting rather than the quality of light. 
In a mill the manufacturer seems to think 
he is well lighted when his mill has bril- 
liancy localized and does not consider the 
real effective lighting that he may get by 
properly reflecting or screened lights. The 
same thing applies in street lighting. You 
take the average Board of Aldermen out 
and show them a. street that has an arc 
lamp at every block, and they think that 
street is well lighted because there are big 
bunches of light staring them in the eyes, 
and they would not consider paying the 
same price or a higher price for lighting 
that street uniformly throughout its whole 
length by lights of a lower candle-power. 
This is a practical question which seems to 
me involves a great deal of missionary 
work on the part of this Society in edu- 
cating the public up to a practical appre- 
ciation of the quality rather than the quan- 
tity of light. What they are paying for 
is effective illumination and not localized 
candle-power. They seem to think if they 
get high candle-power they get the whole 
thing. Now, that to my mind is a very 
delusive standpoint. In the case of water 
gas versus coal gas, the public seem to 
think that if they get a high candle-power 
gas they get the whole thing. As a matter 
of fact, I think it is generally recognized 
that a lower candle-power coal gas is a 
better illuminant than a somewhat higher 
candle-power water gas. I think the ratio 
is set at 18-candle-power coal gas to 25- 
candle-power water gas for illuminating 
effect. To get the public to realize that it 
is the illuminating effect and not the can- 
dle-power they are really after, offers a line 
of missionary endeavor which, it seems 
to me, should be taken up by this Society. 


Chairman Campbell.—We will next take 
up Question 23. “What objection could 
be raised to a street-lighting system 
whereby the lighting company would agree 
to furnish a certain‘ number of light units 
per street mile?” 

Mr. Smith—I am somewhat interested 
in that subject, although it seems to me 
it is going to be difficult for some time to 
educate the ordinary politician we have in 
city government up to using so many units 
per street mile. It may be this Society can 
accomplish a good deal in that line, but 
it is hard work. They want an arc light in 
front of certain houses, and they do not 
care anything about units, watts or any- 
thing else. 

Chairman Campbell—I would like to 
add a word about politicians and street 
lighting, and direct attention to the influ- 
ence the Society may exercise in the mat- 
ter. Could not the Society educate the 
general public to demand from the politi- 
cian certain things? It is true that there 
are certain people in town who will de- 
mand that their front lawns be lighted for 
them, and they usually seem to get it, but 


some other lawn is going without its fair 
share of light. Now, just as soon as the 
lighting companies, as a whole, and our 
Society, as a whole, get a little backbone 
and also assist a little in public education 
and show the people how much better are 
properly lighted streets—not a few lights 
lighting up some particular person’s front 
porch and lawn—but an even distribution 
of the lights throughout the town, then we 
may have good street lighting. You ask 
the average central-station man what is the 
proper candle-power of incandescent lamps 
for street lighting work and the best dis- 
tance apart for the lamps and see if he 
knows. The same applies equally well to 
arc lamps or gas lights for street lighting 
work. What right have we as engineers 
to expect anything different than we are 
getting from the public when there is not 
to-day practically twenty-five written words 
that are authoritative on street lighting 
work? How can we expect the public to 
demand any more than we demand? The 
fellow with the biggest pull now gets the 
largest amount of light, or there is a cer- 
tain appropriation for lighting and you can 
only go so far with that and no further. 
Is it not a question of educating the general 
public to the fact that they should so 
divide their appropriation that the whole 
town will receive a fair share and benefit 
from the lighting appropriation? Then the 
whole town will rise up and demand more 
light where it is needed. 


Mr. Gardiner.—Some two or _ three 
months ago I had occasion to appear be- 
fore a Board of Trade of a town near 
Boston regarding the renewal of a contract 
with the electric light company which does 
the most business around here, and in the 
discussion of the renewal of the contract, 
which involved a change in price on a five 
years’ contract amounting to several thou- 
sand dollars a year, they seemed to be ab- 
solutely at sea on the subject of lighting 
their streets. Now, lighting streets falls 
in my mind into two classes. There is 
street indication by lights and street or 
road illumination. This was a suburban 
town sparsely settled, and I recommended 
to them not to decrease the mileage of 
light and localize it by means of arc lamps 
or high candle-power incandescents, but 
maintain the same mileage of street indi- 
cated by lights. In the case of the ordinary 
street there is no attempt at lighting prop- 
er; the location of the street is indicated 
and there is a dull glow so that people in 
driving and walking will not get off the 
street. Then comes the illumination of 
more densely settled districts which is a 
different class of street lighting. I think 
the chairman’s remarks as to the propriety 
of having all the streets what I call indicated 
by lamps is correct, and then the public 
will demand, first, the illumination of the 
prominent streets, and then the extension 
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of it into the suburbs and more sparsely 
settled streets. I think these are the proper 
lines of street illumination for the public 
and the lighting companies to work along. 
The question is one, I think, open to a 
good deal of discussion, for I think a speci- 
fication setting merely a number of light 
units per street mile would have to be very 
carefully drawn. I think the unit should 
be .much ‘smaller-than -the street amile.. Uf 
a Board of Aldermen tells a lighting com- 
pany that it wants so many thousand light 
units per mile, the immediate temptation 
from a dollars and cents point of view of 
the company is to centralize its lght in 
such form as will give the specified number 
of light units per mile of street in the most 
economical form to the company. I think 
the specification should be very carefully 
drawn so that a proper distribution of light 
over each mile of street should be given. 
My idea of street lighting is a uniform 
lighting, the quantity of the illumination 
increasing as the importance of the street 
increases. 


Mr. J. W. Cowles.—I think Mr, Gardi-.. 


ner’s remarks in regard to street indication 
and street illumination are very apt. We 
certainly have two distinct classes to deal 
with—street illumination as we see it in 
streets and blocks in the city proper, where 
we must have a brilliant illumination such 
as is obtained from the arc light; then as 
we go out from the thoroughfares into the 
more suburban districts we encounter dif- 
ferent conditions. Those of us who have 
occasion to ride evenings know how much 
more satisfactory it is to follow a street 
with a uniform lighting of small units fre- 
quently placed than with large units such 
as arc lights more infrequently placed. The 
matter of trying to talk to a City Council 
or Board of Aldermen on the basis of light 
units per street mile seems to me quite out 
of the question and altogether irratioral, 
considering the varying conditions of the 
streets, and the surrounding territory, fo- 
liage, ‘etc. 

Chairman Campbell.—As to the question 
of candle-power in street lighting, I do not 
think there is anything as misleading as the 
term candle-power used in that connection. 
It is not a question of candle-power. Your 
lamp candle-power may be anything. It is 
not a question of candle-power of the lamp 
as much as it is of a distribution and get- 
ting down to a proper unit of illumination. 

Mr. Gardiner.—I should like to add a 
word in accord with what the President has 
just said about candle-power. I had an- 
other occasion where I struggled with the 
selectmen in another town that was renew- 
ing its contract with another electric light 
company, and they insisted on figuring the 
thing on the basis of so many total thou- 
sand candle-power per so many total thou- 
sand dollars per annum. If they could 
get more candle-power for a dollar out ot 
arc lamps, they would goin for arc lamps. 
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It was an absolutely foolish line of argu- 
ment, and yet one for which illuminating 
engineering, as practiced in the past, is 
directly responsible. We have always taixed 
candle-power as the illumination unit, and 
the public is not to blame for talking it. 
They said they could get so many hundred 
arc lamps of 2,000 candle-power for so much 
money, and they could get so many hun- 
dred incandescent lamps for so much money. 
Well, they could get more candle-power 
from the arc lamps and they were for the 
arc lamp. 


Mr. Sampson.—My experience has been 
that about the worst source we can have is 
an arc lamp placed directly over the street 
and very low. In approaching the light you 
can see hardly anything until you get under 
the light. Lights placed a little back from 
the street will give better lighting than right 
in the line of travel. Youcan see by the light 
then, it is not directly in the line of vision. 
I am strongly in favor of small units dis-. 
tributed along the side of the road. 


President Marks.—I should like to add, 
that if you are going to specify foot-candles 
on the street, you will have to go one step 
further and state whether you mean foot- 
candles on a plane normal to the incident 
ray or otherwise. The foot-candles would 
vary as the cosine of the angle of illumina- 
tion. 


Mr. Gardiner.—I think it would be hard 
for them to grasp the full meaning of the 
intent of specifications made, not in terms 
of so many arc lamps, but of so many foot- 
ee on a plane normal to the incident 


Te Bell—It seems to me that the illu- 
mination foot-candle is, after all, the thing 
we are aiter.. The question is really, what 
is the minimum light on the street that 
shall be tolerated measured in foot-candles? 
When we wish to specify a certain illumina- 
tion and how it shall be measured, it seems 
to me that a fair way to do it is to count 
the illumination as on a substantially nor- 
mal plane or surface from one direction 
only. What you wish to see on the street 
if you are riding at night is the elusive 
brickbat that is apt to come under your 
tire. The light which comes from the other 
direction does not interest you in the least. 
It may and does double the working illumi- 
nation.on the surface, but the illumination 
on your side of the brickbat is what counts. 


President Marks.—In England they look 
at this from a different standpoint: I am 
inclined to think some of our British friends 
would take exception to what Dr. Bell has 
said on that point. 


. Mr. T. R. Robinson.—I think there is a 
commercial factor in this question which 
has not been brought out. The lighting com- 
pany is always looking for the money it can 
obtain from its service; and by agreeing to 
furnish a certain number of lamps per mile 
it assures itself of a certain amount of 
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revenue. I have found it is better to put 
the number of lights which can be placed 
when extending the service, on the basis 
of a certain number of feet, from the fact 
that the selectmen or officials of a town de- 
sire to extend their lights to cover as great 
a surface as possible and without any idea 
as to the illuminating value of the lamp. 
They think 600 feet is a proper figure, when 
300 1s about all the light can cover; placing 
a limit of 300 or 400 feet for each lamp 
would cover the commercial side and yet 
result in a fairly good street lighting service. 


Mr. Stetson—As an illustration of the 
political aspect of this illumination for 
streets I would say ‘fnat-in a city’ I am 
acquainted with, the outgoing administration 
put in all the lights possible during the last 
six weeks of their term of office. The in- 
coming administration wanted to show the 
great economy that was being exercised and 
took them all out again. The new demand 
for well-lighted streets and the automobile 
may have the effect of correcting errors in 
the matter of lighting as it has in the char- 
acter of the streets. We may have better 
streets and better lighted streets. There is 
no question that the illumination of the old 
high candle-power open arc lamp has been 
properly sidetracked for the enclosed lamp. 
With the former you get such brilliant light 
that it blinds you when you are going to- 
wards it and puts your eyes out in trying to 
get away from it. That is one of the tran- 
sitions that has come about through the 
education of the people. Now, whether 
there is to be another transition that will 
result in the light being more generally 
distributed is a question. 

Chairman Campbell_——The next topic for 
discussion is that of Question 21. ‘What 
would you suggest as the most practical 
means of increasing the efficiency of modern 
illumination ?” 

Mr. Gardiner.—The suggestion which oc- 
curs to me off-hand is first to use the proper 
illuminants, the proper units, and, second, to 
piace them properly. 

Mr. Cowles.—May I not add to that a 
third—the use of proper shades? 

Chairman Campbell.—We will next take 
up Question 11. “Where interior illumina- 
tion is used for selecting or matching colors, 
etc., what is the best method of determining 
the suitability of the illuminant used, and 
wherein it is defective for the particular 
work in hand?” 

Mr. Gardiner.—Speaking rather as a lay- 
man in this matter, it would seem to me that 
the natural course in choosing an illuminant 
for matching colors would be to select one, 
the spectroscopic analysis of which is as 
close to reflected daylight as possible. I am 
aware that the artificial illuminant which 
gives the nearest spectroscopic analysis to 


daylight does not sometimes give corre- 
sponding results in matching colors, but 
off-hand that would seem to be the natu- 
ral course in selecting light to match col- 
ors. 

Mr. Stetson—In the discussion in New 
York they agreed on this so far as to say 
that the proper arrangement in a store fur- 
nishing materials for dress goods, should 
be rooms so lighted that a lady could tell 
whether a dress would look well under an 
electric light at a ball or whether it would 
be proper for a funeral. I suppose that is 
the idea, and that seems to have sense in 
it. You cannot get any one light that will 
act pleasantly on all shades of colors. 

Mr. Allen.—I think the last speaker has 
covered the question pretty well, but it 
seems to me the light that comes the near- 
est for all colors is the one coming nearest 
to daylight. By using opal shades the blue 
can be filtered out. 


Chairman Campbell—I think we will 
next take up Questions 5, 6 and 18, and 
discuss them together. ‘They are as fol- 
lows: Question 5—“Is there any standard 
that can be used in the selection of Wels- 
bach mantles?” Question 6—“What is the 
best economy with Welsbach mantles—to 
purchase a high-grade mantle and use it 
until it breaks, or purchase several cheaper 
grades for use the same length of time as 
the one of high-grade quality?” Question 
18—“‘*What is the effect on the light and 
life of a Welsbach mantle due to a change 
in the gas pressure?” 

Mr. J. F. Wing.—Referring to Question 
6, people do not always have any better 
success with a high cost mantle. With the 
little experience I. have had I think the 
high cost mantle is more reliable, stronger 
and more lasting, and the satisfaction ob- 
tained from it is altogether out of propor- 
tion to the money paid for it. 


Mr. Gifford.—More pressure tends to in- 
creased efficiency, and changing pressures 
would naturally tend to disintegration; so 
in a general way in a Welsbach light you 
want a constant pressure. 


Mr. Sampson.—To increase the pressure 
is to increase the gas flow, and unless you 
can keep a mixture uniform, you will get 
the blackening effect. Our experience has 
been that the best mantle is the cheapest 
in the end, and is one in which the weave 
gives a certain strength to stand vibration. 
The commercial problem is to get a man- 
tle which will give good illumination and 
still not break and crack. We find a light 
mantle is very apt to break where pressure 
is high. Sometimes those that work and 
give good results in the daytime, give poor 
results after the high pressure goes on at 
night. 
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Papers Read Before Technical Societies 


COLOR PHENOMENA IN PHO- 
TOMETRY 


BYeloro. Dow; boc! 


Read before the Physical Society 
(English), May 25, 1900. 


The discussion of Dr. Fleming’s Paper 
on Photometry, read before the Institution 
of Electrical Engineers in 1903, revealed 
great differences of opinion on the impor- 
tance of color phenomena in photometry, 
and it still does not seem to be generally 
known to what extent they are noticeable 
under ordinary working conditions. This 
may be due to the fact that most of the 
work done on this subject was carried out 
with special apparatus, such as the spectro- 
photometer, and not with the ordinary im- 
plements of photometry. 

It therefore occurred to the author that 
some simple experiments on these points, 
carried out by him at the Central Technical 
College on an ordinary photometrical 
bench, might be of interest. 

The sources of light were two similar 
glow lamps, which could be screened with 
glass of different colors, and which were 
compared by means of one or other of sey- 
eral different photometers in the usual 
way. Four photometers were made use of 
during the experiments—the Lummer- 
Brodhun, the grease-spot, the Joly, and the 
Flicker. 

The uncertainties which may be intro- 
duced by color phenomena appear to be 
due to four separate effects :— 

1. The difficulty experienced in forming 
a judgment in the case of differently-col- 
ored lights, and the possibility that the 
judgments of different people may not be 
the same. ; 

2. The fact that’ the apparent ~ relative 
brightness of two surfaces, illuminated by 
light of different color, depends on the part 
of the retina on which the image of them 
is received. 

3. The Purkinje phenomena. 

4. The possibility, when mirrors are made 
use of, that the coefficient of reflexion may 
not be the same for different colored lights. 

1. No doubt people differ in their ca- 
pacity in this respect, but according to 
the author’s experience it is chiefly a mat- 
ter of practice. After a considerable 
amount of practice, he has found that it is 
possible to secure fairly consistent results 
even when comparing such colors as ruby- 
red and signal-green, while anyone unused 
to such work would be quite unable to do 
so. Extraordinarily consistent results were 
sometimes obtained, but it was found that 
if the observer stopped work for an hour 


or so, his readings afterwards would set- 
tle down to another very consistent value, 
but differing by, perhaps, 5 or even Io per 
cent. or so from those obtained before. 
This seems to suggest that extreme con- 
sistency in reading is partly a matter of 
visual memory. We recall the impression 
previously received by the eye and invol- 
untarily set the photometer, the next time, 
so as to produce the same appearance of 
the field of view. 

The difference in sensibility of different 
eyes to a particular color certainly intro- 
duces another disturbing factor in obser- 
vations made by different people. The 
author has not met with any serious dif- 
ferences in judging the color contrasts 
which ordinarily occur, but it might be 
supposed that, in such an extreme case as 
that quoted above, considerauie divergences 
in judgment would exist, and have, indeed, 
been recorded by Sir Wm. Abney, Prof. 


Rood and others. 


It must be noted, however, that the ef- 
fect mentioned im (2) must be eliminated, 
in order to make any satisfactory compari- 
sons. All the figures given in this paper 
were obtained by the author himself, 
though corroborative results from other 
eyes were obtained in many cases. 

2. This effect has been very completely 
dealt with by Sir William Abney in his in- 
vestigation on color vision. 

It has long been known that the central 
portion of the retina—‘“the yellow spot”— 
is much more sensitive to the red end, and 
less sensitive to the blue end of the spec- 


trum, than the surrounding portion of the 


retina, 

It has been suggested that the “yellow 
spot,” being yellow in color, will obstruct 
the blue rays, but will allow the yellow 
rays to pass through practically unimpeded 
to the light-perceiving organs. This expla- 
nation, however, does not explain why the 
differences observed are distinctly more 
noticeable at low illuminations. 

There appears to be another physiologi- 
cal effect, which will be referred to later. 

Suppose, now, that we compare a red 
and a green light with a Joly photometer. 
An image of the illuminated blocks is 
formed on the retina, and we adjust the 
position of the photometer until the red 
and green appear equally bright. 

But if we now observe the photometer 
obliquely, or if we observe it with the eye 
at a different distance away, the image 
falls on a different part of the retina where 
the sensibility to red and green may be 
different. Consequently the red and green 
may no longer appear equally bright. 

And if a photometer with blocks of a 
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different size were used we might again 
come to a different conclusion; for, even 
if the eye were kept at the same distance, 
the size of the image would be different, 
and a new portion of the retina would be 
covered by it. 

The position of the photometer, for 
which we obtain balance, therefore depends 
upon— 

2a The obliquity at which rays from the 
illuminated surface strike the eye. 

(b) The distance away of the eye from 
the surface. 

(c) The size of the surfaces. 

The first point is not very important, for 
in focusing our eyes on the surfaces we 
involuntarily look straight at them. But 
(b) and (c) may easily affect the read- 
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FIG. I.—RUBY-RED LIGHT COMPARED WITH: 
SIGNAL-GREEN. 


ings considerably. This is brought out in 
the curves in Fig. 1. 

(1) Lummer-Brodhun Photometer (tele- 
scope removed). (2) Joly Photometer. 
(3) Joly Photometer (linear dimensions 
of blocks reduced by half). (4) Grease- 
spot Photometer. 

These curves were obtained as follows: 
Two glow lamps, screened with red and 
green glass respectively, were run at a con- 
stant P.D., and compared by means of 
each of the three photometers referred to 
above. 

In each case a series of readings was ob- 
tained with the eye at different distances 
away from the illuminated surfaces. It 
should be mentioned that in the case of 





Nature of lights compared. 


Ruy gcd tOastenal-or Cen... «0... ak es ba es 
Glow lamp (3.7 watts per candle-power) to 


Nernst lamp 


Methven gas standard to incandescent 
ianeein OMIRE MeN Geis eens ay eke ee 
Harcourt 10 c. p. Pentane standard to 


Fleming standard glow lamp......... 


Sulel sAet es ah 6.16 geyle> se « a lel ioleie ss 6. 6 oe « 


the Lummer-Brodhun photometer, the tele- 
scope was removed while the readings were 
taken. As will appear later, however, con- 
siderable variation is possible even with 
the telescope in position, as in use. 

Curvess(L). (2) and (3). -speal for 
themselves. They bring out two points. 
Firstly, that the ratio of the candle-powers 
of the red and green lights, as thus ob- 
served, is quite different for each photome- 
ter. Secondly, that this ratio depends on 
the distance of the eye from the photome- 
ter, the red becoming more and more ac- 
centuated as the eye recedes. Also the red 
is most accentuated and the curve is steep- 
est for the Lummer-Brodhun photometer, 
in which the field is smallest. 

Curve (4) was obtained by placing in 
front of the blocks of the Joly photometer 
a paper screen which reduced its linear 
dimensions by one-half. The reduction in 
size of the blocks corresponds with a still 
further accentuation of the red. 

This effect has been found to be quite 


distinctly observable in several commonly 
occurring comparisons. Fig. 2 exhibits the 
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FIG. 2.—CURVES FOR JOLY PHOTOMETER. 


connection between the apparent relative 
candle-power and the distance away of the 
eye with a Joly photometer, when a Nernst 
lamp was compared with a glow lamp 
(running at 3.7 watts per candle-power), 
and when an incandescent mantle was 
compared with a Methven burner. 

In the Joly photometer the distance 
away of the eye is left entirely to the in- 
clination of the observer, and it will be 
seen from the above that differences of 5 
per cent. or more might easily be intro- 
duced between the readings of different 
observers in this way. 

(1) Glow Lamp compared with Nernst 
Lamp. (2) Methven Gas Standard com- 
pared with Incandescent Mantle. 





Ratio of candle-power. Percentage 
Telescope in. Telescope out. difference. 
1.65 2.20 25.0 
1.38 1.43 3.5 
0.129 0:135 4.4 
0.652 0.657 0.77 
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~In the Lummer-Brodhun photometer the 
distance of the eye is limited, to some ex- 
tent, by the use of the telescope. But the 
position of the telescope can be varied be- 
tween wide limits without putting the field 
out of focus, and this latitude allows of a 
considerable difference in the readings. 

In the table on the opposite page the ex- 
treme differences are given for these two 
limiting positions of the telescope. 

Here, again, a distinct difference in read- 
ing is produced in several practical cases. 

It is also remarkable that a small but 
distinct effect was produced in the last 
case, even though the flame of the Har- 
court lamp is only very slightly redder to 
the eye than the light from the Fleming 
glow lamp. 

It is difficult, of course, to speak with 
certainty of such a small change as this— 
a change which would be produced by 
moving a photometer, set midway between 
two lights 2 meters apart, a distance of 
less than 2 mm. But the writer has usual- 
ly found that the mean of a set of readings, 
taken with the telescope out, worked out 
to a value slightly different to the mean 
of those taken with the telescope in, and 
the difference was always in favor of the 
redder of the two lights. It need hardly 
be said that the difference observed might 
be important in such work as these two 
standards are used for. 

There is one other point that requires 
mention. It is, of course, often necessary 
to reverse a photometer in order to cor- 
rect for any differences between the two 
sides of the screen, etc. However, for 
lights of similar color, very little differ- 
ence is produced by doing so, as a rule. 

But when the lights differ in color the 
Lummer-Brodhun behaves differently from 
the Joly and grease-spot photometers. In 
the case of the latter, the image the retina 
receives is unaltered by reversing. But, 
with the Lummer-Brodhun, the image is 
reversed. If, before reversing, we see a 
green disk with a red center, after revers- 
ing we see a red disk with a green center. 

We should, therefore, expect a inuch 
greater difference on reversing the pho- 
tometer in the case of the Lummer-Brod- 
hun. 

The figures given in the table below were 
obtained for similarly colored lights, and 
for red and green lights. 


3. The Purkinje phenomenon has often 
been referred to as the chief source of 
trouble in heterochromatic photometry, but 
it appears to be only troublesome at very 
low illuminations. 
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An experiment was shown illustrating 
the Purkinje effect. A series of colored 
screens, diminishing in size from about 4 
ft. square, as shown in the diagram (Fig. 
3), were illuminated by a 32 c.p. glow 
lamp at a distance of about-1o ft. away. 
All these screens were made from the 
same identical red and blue paper, but, 
even at normal illuminations, it could be 
seen that as the surfaces became smaller 
the red appeared brighter and brighter in 
comparison with the blue. The red, how- 
ever, was distinctly the brighter, even in 
the case of the very large screen. 

The illumination was now weakened by 
introducing resistance in series with the 
glow lamp, and the blue began to appear 
brighter. A point was soon reached when, 
for the very large screen, the blue was un- 
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questionably brighter than the red. At this 
stage the difference in appearance of the 
different-sized screens was much more 
marked than at the higher illumination, 
and, in the case of the smaller screens, the 
red was still much brighter than the blue. 
As the light was still further weakened 
the colors began to disappear until, even- 
tually, the red appeared as black, while the 
blue shone out with a phosphorescent white 
appearance. After this point the blue also 
fades away until nothing can be seen. 
There is, however, a distinct difference 
between the behavior of the very big 
screen and the very small ones. In the 
case of the latter the Purkinje effect is 
much weaker. Both colors seem to fade 





Lights of similar color. 


Photometers RatiosorsG-P: 
used. Ist pos. 2nd pos. 

Totus eat ean 0.93 0.91 
Grease-spot ...... 0.94 0.91 
Lummer-Brodhun. 0.95 0.91 


Red to green light. 


Per cent. Ratio<oL Gib: Per cent. 
differ. Ist pos. 2nd pos. differ. 
2 2.24 212 5.5 
2 1.81 1.70 6.0 
4 2.10 1.75 18.0 
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away together, and, by the time the Pur- 
kinje effect is really noticeable on the big 
screen, the very small screen can scarcely 
be seen at all. 

In fact, to see the Purkinje effect really 
well, it is necessary to stand quite close 
up even to the big field. 

A very interesting physiological explana- 
tion of these effects has been given by M. 
Sartori in a recent paper.* 

Dotted about over the retina are two 
varieties of light-perceiving organs, known 
from their appearance as the “rods” and 
the “cones” respectively. The rods, it is 
thought, are sensitive to light, but cannot 
perceive color. Light of any color appears 
to them white, but they are most sensitive 
to blue light. They are, moreover, sensi- 
tive to very weak light; but as the illumina- 
tion is increased they become, as it were, 
saturated, and do not respond any further. 
The cones, on the other hand, perceive 
color, but are most sensitive to yellow- 
green light, and while they do not respond 
at the low illuminations at. which the rods 
can act, they continue to respond further 
to increased stimulus, once they have 
started, long after the rods have ceased to 
do so. 

At normal illuminations, therefore, it is 
the cones which chiefly act, and we see 
color. At very low illuminations the ac- 
tion of the rods is predominant, and we 
cannot see color, while light of a bluish 
color shines out with a whitish appear- 
ance. As the illumination is increased the 
cones suddenly begin to act and the colors 
appear. Then takes place what has been 
called “The Battle of the Rods and Cones.” 
It is while this battle is in progress that 
the Purkinje effect is noticeable. 

But the Purkinje effect is complicated 
by the fact that the rods and cones are 
unequally distributed over the retina. At 
the yellow spot the cones are predominant. 
Consequently, the Purkinje effect is much 
weaker when the field of view subtends a 
small angle at the eye. 

This uneven distribution of the rods and 
cones will also explain the fact, referred 
to above, that at low illuminations, the size 
of the field of view can produce much 
greater differences in the results. 

In order to gain an idea at what illu- 
mination the effect becomes noticeable in 
practice, the following experiment was 
carried out:— - 

Two too volt 8 cp. glow lamps were 
run in series with a constant P.D. of I90 
volts across them. 

One was screened with red glass and 
the other with green glass. The distance 
between the two lamps was varied from 
20 in. to 250 in., and the mean of a set of 
readings, giving their relative candle- 
power, taken in each case. In order to 
avoid the effect mentioned in (2) above, 


See Baie und Maschinenbau, March 18, 
1906. 


the Lummer-Brodhun photometer was used, 
and the telescope was kept in exactly the 
same position throughout the experiment. 

Fig. 4 shows the result of plotting the 
ratio of the candle-power of the two lamps 





FIG. 4.—CURVE EXHIBITING PURKINJE PHE- 
NOMENA FOR RUBY-RED AND SIGNAL- 
GREEN LIGHTS. 


against the illumination of the photometer 
disk, in candle-meters. 

From what has been said above, it is 
clear that we cannot, strictly, define the 
candle-power of a red light in terms of 
white-light standard, because this ratio 
depends upon the distance of the eye from 
illuminated surfaces. 

Nevertheless, in order to give an idea 
of the order of illumination used, the red 
lamp was compared against a 2 c.p. Meth- 
ven gas standard, using the Lummer-Brod- 
hun photometer, and its candle-power 
worked out to something of the order of 
OS new. 

The relative illuminations used in the 
curve are expressed in terms of this fig- 
ure. 

It will be seen it is only when the il- 
lumination has been reduced to about 0.2 
candle-meter that the ratio of the red to 
the green light begins to decrease. 

The same experiment was tried on sev- 
eral occasions with lights of different can- 
dle-power, and it was always found that 
fairly consistent results were obtained un- 
til the illumination fell to something of 
the order specified above, when the ac- 
centuation of the green light began to 
appear. 

At such illuminations it is very difficult 
to obtain readings at all, and the mean of 
a great many should be taken. The eye 
seems to be in a state of uncertainty, and 
one receives the impression that the lights 
are continually varying. In fact, the eye 
seems to be in a state analogous with that 
of unsaturated iron on the steep part of 
the magnetization curve. 

It may safely be assumed, therefore, that 
in all ordinary cases, where the illumina- 
tion would be at least. Io or 12 times as 
great as that employed above, where the 
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field of view would subtend a compara- 
tively small angle at the eye, and where 
we should never meet with such an ex- 
treme color contrast as in this case, the 
Purkinje phenomena will not materially 
influence the results. 

4. In order to obtain the curve of ver- 
tical distribution of light from arc lamps, 
etc., the beam of light is often reflected in 
the desired direction by means of a 45 de- 
grees mirror.* When this is done, the 
question arises, whether the coefficient of 
reflection of the mirror will be the same 
for lights of different color. 

The following experiment was carried 
out with a silvered glass mirror of this 
type: Two 200 volt 32 c.p. lamps were run 
in parallel off a constant P.D. of 200 volts. 
The two lamps were compared against 
each other direct. They were then com- 
pared when the light from one of them 
was retlected along the bench from the 
mirror. In this way, the coefficient of re- 
flection of the mirror is easily obtained. 

This was repeated when the lamps were 
screened with red and green glass, succes- 
sively. 

The mean of one set of determinations 
gave— 

Coefficient of reflection, 78.8 per cent. for 
unscreened lamps. 

Coefficient of reflection, 79.0 per cent for 
red light. 

Coefficient of reflection, 77.8 per cent. for 
green light. 

Repetitions of the experiment gave 
slightly differing results, but it was found 
that the values for the three different col- 
ors did not differ among themselves by 
more- than 2.5+.per” cent. Moreover, no 
connection could be traced between these 
differences and the colors, for the differ- 
ence was sometimes in favor of the red 
light and sometimes in favor of the green. 

We may safely conclude, therefore, that 
in all ordinary cases, where the difference 
in color is Jess pronounced than that 
adopted here, the effect is inappreciable. 

In any case, the adoption of adjustable 
photometers of the Simmance-Abady type 
will probably render mirrors unnecessary 
in obtaining curves of distribution of light 
in the future. 

The only really important effect, under 
ordinary working conditions, therefore, is 
that described under the second heading. 
It has been shown that this may, apparent- 
ly, give rise to a perceptible discrepancy 
even when lights so similar in color as the 
Harcourt ro-candle Pentane standard and 
the Fleming glow lamp standard are com- 
pared. 

FLICKER PHOTOMETERS. 

The interesting question now arises 
whether photometers of the Flicker type 
are also influenced by these color phe- 
nomena. 





he “mirror, that is, which rotates about an 
axis making an angle of 45 deg. with its plane. 
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If, as is claimed, the disappearance in- 
dicates that the two surfaces appear equal- 
ly illuminated to the eye, one would sup- 
pose that all the conditions which deter- 
mine this impression must also determine 
the point of disappearance of the flicker. 
On the other hand, Mr. T. C. Porter and 
others have come to the conclusion that 
the flicker, at ordinary illuminations, is 
independent of color. 

Through the kindness of Messrs. Ever- 
ett, Edgcumbe & Co. the author has been 
able to make some experiments on the 
points referred to, with a photometer of 
this kin 

It is clear, in the first place, that when 
comparing lights of different color, the 
readings of an ordinary photometer and a 
Flicker photometer may not agree even if 
the latter be independent of all color ef- 
fects. For instance, when two lamps giv- 
ing light of exactly the same color were 
compared, the results with the Joly pho- 
tometer and the Flicker photometer were 
exactly the same. The two lamps were 
now screened with red and green glass re- 
spectively, and the ratio of the red to the 
green, obtained by the Flicker photometer, 
was about 1.34; but with the Joly pho- 
tometer it was found possible to get read- 
ings from o.7 to 1.4 for distances of the 
eye up to % meter. Agreement between 
the photometers occurred when the eye 
was about 40 cm. away from the blocks of 
the Joly. 

One difficulty met with in this investi- 
gation was as follows: As the effects ob- 
served were comparatively small, it was 
advisable to use lights widely differing in 
color. On the other hand, the position of 
minimum flicker, though sufficiently sharp- 
ly defined in most practical cases, is far 
from being so when such colors as ‘red and 
green are observed. In such cases, the 
method followed was to note the position 


-of the photometer in which a flicker was 


just visible on either side of balance, 
and take the mean. There is, however, 
another method of judging the position of 
balance for these two colors. 

When the photometer is too near the 
red light, the field of view in the photome- 
ter appears reddish in tint. Similarly, a 
greenish tinge shows that the green illu- 
mination is the stronger. When the illu- 
mination of the two surfaces, illuminated 
by light of these two complementary col- 
ors, is the same, an intermediate grayish 
tinge is produced. To the writer’s eye the 
transition from red to gray to green was 
sharper than the disappearance of the 
flicker, and a series of tests showed that 
the result was the same in each case. The 
method, however, is only applicable to com- 
plementary colors. 

Some experiments were first made to 
discover whether a difference of reading 
could be produced by altering the telescope, 
as in the case of the Lummer-Brodhun 
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photometer, but no distinct difference was 
observable. Next the telescope was re- 
moved, and readings were taken with the 
eye about 20 cm. from the aperture. A 
brass tube was then inserted which allowed 
the aperture to be inspected from a dis- 
tance of 60 cm. from the eye. It was then 
observed that, as the eye was withdrawn, 
the field became distinctly redder, and 
readings taken by the “disappearance otf 
flicker” method also showed a change of 
relative candle-power in favor of the red. 
The following table exhibits some of the 
results obtained :— 





Nature of lights compared. 
Ruby-red to signal-green...............6. 


Ruby-red to light from unscreened glow 
lamp (white) 


CS 


standard to 


CY 


Methven gas 
mantle 
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The plan of “color-reading” referred to 
above was therefore adopted. It may be 
objected that in doing so the real ques- 
tion at issue is avoided altogether. But 
the method, while admittedly not so satis- 
factory as the “disappearance of - flicker” 
method from this point of view, has been 
shown to give the same results at ordi- 
nary illuminations, and to the writer it 
seems impossible that the green illumina- 
tion could be brighter and yet the field 
of view appear red. 

Two 100 volt 8 c.p. lamps screened with 
red and green glass in the usual manner 


























The effect is very noticeable when ob- 
served in the following way: Supposing 
we are comparing red and green, and have 
placed the photometer so as to secure bal- 
ance. Move the photometer until a dis- 
tinct flicker can just be seen owing to the 
green being too bright. It will be found 
that as the eye is removed the flicker grad- 
ually disappears. But if the photometer 
is put out of balance on the red side, the 
flicker does not disappear, but becomes, if 
anything, more distinct as the eye is re- 
moved. 

It appears, therefore, that this Flicker 
photometer is affected by the distance of 
the eye, but, apparently, not to a sufficient 
extent to be noticeable when the telescope 
is used, as in ordinary work. 

It is difficult to see why these effects 
should be so much less noticeable than 
with ordinary photometers. It almost 
seems as though, when two differently col- 
ored objects are placed side by side, any 
change in their relative illumination be- 
comes exaggerated, thus creating a differ- 
ent impression to that received when they 
are viewed alternately (as in a Flicker 
photometer ). 

An attempt was also made to discover 
whether the Flicker photometer was sub- 
ject to the Purkinje phenomenon. Now, it 
is well known that the speed required tu 
just make the flicker disappear depends 
upon the illumination, and the writer has 
found it impossible to judge the point of 
disappearance of the flicker with any cer- 
tainty at the extremely weak illuminations 
necessary to produce the Purkinje effect. 


Hye 20 cm. Eye 60 cm. Per- 
from from centage 
aperture. aperture. change. 
Red Red 
SST 152 == 070 12 
Green Green 
Red Red 
: == OW e) OWS 6 
White White 
incandescent Methv. Methv. 
= 0:28 ==0.20 3 
Inc. Tic: 
were used for the experiments. They were 


first run at 100 volts, and compared against 
each other at different distances. The two 
lamps were then run off 50 volts only, so 
as to produce a very low illumination, and 
the experiment repeated. The following 
table shows very clearly the influence of 
the Purkinje effect. 


Lamps run at 100 volts. 





Distance between red 
lamps. Ratio 

green 

50 in. 232 

60 in. 2.26 

70° iit. 2.25 

120 in. 2.15 

2 E50 “il. 2.25 


Lamps run at 50 volts. 





Distance between red 
lamps. Ratio 

green 

4o in. 2.0 

50 in. r.5 

60% if ig 

7On ith. 0.7 

go in. 0.6 





At the higher illumination the readings 
differed among themselves considerably (as 
was only to be expected with such a great 
color contrast), but they do not seem to 
be connected in any way with the illumi- 
nation. 


560 THE ILLUMINATING ENGINEER. 


The readings at the low illumination can 
only be regarded as very approximate, but 
they bring out very clearly the accentua- 
tion of the green as the illumination gets 
weaker. 

The conclusion the writer draws fron. 
these experiments is that Flicker pho- 
tometers are affected by the same color 
phenomena which affect ordinary photome- 
LCrS; 

The interesting assertion was made by 
Messrs. Simmance and Abady, in a Paper 
before the Physical Society,* that a color- 
blind person obtained practically the same 
results with their Flicker photometer as 
people with normal sight. On the other 
hand, Sir Wm. Abney, speaking of color- 
blindness, remarks :—f 


“We cannot hope, for instance, that the 
red-blind, who sees no red in the extreme 
end of the spectrum, would show any lumi- 
nosity in that region. One of the 
most striking experiments in color-vision 
is to place a bright-red patch on the screen 
and to ask a red-blind to make a match 
in luminosity with the white. The latter 
will have to be reduced to almost darkness 
—a darkness, indeed, that makes the match 
almost incredible.” 


It seems incredible that such a person, 
when comparing red and green with a 
Flicker photometer, would obtain the same 
results as if he had normal sight. How- 
ever, it appears that, according to Dr. Ed- 
ridge Green,§ color-blindness is of two 
kinds. A person may be unable to distin- 
guish, say, red light by color, but never- 
theless a red object may appear as lumi- 
nous to him as to anyone else. On the 
other hand, the color-blindness may be due 
to the fact that the eye is incapable of per- 
ceiving red light at all. A color-blind per- 
son of the first variety would presumably 
make normal photometrical readings. A 
person of the second class must, surely, 
obtain abnormal readings with all photome- 
ters, Flicker or otherwise. 


This is borne out by some of Prof. O. N. 
Rood’s experiments on flicker.|| He found 
that those of his students who were color- 
blind obtained abnormal results with his 
Flicker photometer. Indeed, he actually 
used the Flicker photometer to investigate 
not only cases of color-blindness, but also 
the difference in sensibility to light of 
different colors of the eyes of persons with 
normal sight. 


In conclusion, the writer wishes to ex- 
press his great indebtedness to Prof. Ayr- 
ton, and also to Mr. J. M. McEwan, for 
their assistance and for many valuable 
suggestions. 





* Phil. Mag., VII.,.p. 341 (1904). 
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§ ‘‘The Physical Aspects of a Theory of Color 
Vision,” by F. W. Edridge Green, M.D., British 
Association, 1902. 

|| American Journal of Science, 1899, pe 258. 


RADIATION FROM INCANDES- 
CENT MANTLES 
By J. SWINBURNE. 
Read beforse the British Association. 
The ordinary explanation of the great 


luminous efficiency of the gas-mantle 1is_ 


that rare earths have a property of selec- 
tive radiation, in virtue of which they send 
out a larger proportion of their radiant 
energy in the form of light than ordinary 
hot bodies. The rare earths also suffer 
from “luminescence,” which may be a dis- 
ease on its own account, or a symptom of 
catalysis, or polarization, or ‘something. 
Another explanation, first given, I believe, 
by Ram (“Incandescent Lamp,” p. 196), is 
that the bunsen flame is really very hot, 
and that the mantle is of such low emis- 
sivity that it gets rid of so little power 
that there is slight difference of tempera- 
ture between it and the flame, and it is 
therefore hot enough to give the light by 
pure temperature radiation without any 
anomaly. 

One reason why the simple temperature 


explanation has been much questioned, and 


generally rejected, is that the temperature 
of the bunsen flame is generally taken to 
be much lower than it is. It is generally 
measured by means of platinum wires or 
thermo-couples. These can never rise to 
the real temperature of the flame, as they 
are radiating, and must therefore be taking 
in heat by conduction, in which case they 
must be cooler than their surroundings. 
The simple temperature explanation: fits 
the phenomena. If pure thoria has low 
emissivity, it will rise to a temperature 
near that of the shell of flame bathing it. 
Having low emissivity, it will then give 
out light; but the hght will have a larger 
proportion of visible and refrangible rays. 
If a very little of a body with a high emis- 
sivity be added, radiation will increase, but 
the temperature of the mantle will fall, as 
there must be a steeper heat-gradient to 
supply it. The total radiation is then in- 
creased; and though the proportion which 
is luminous will be diminished, the total 
light will be augmented. Further addition 
of the emissive substance increases the 
total radiation and reduces the tempera- 
ture until the light given is less even than 
with pure thoria. 

It may be urged against this that thoria, 
zirconia, and alumina, for example, are 
white, and therefore may be expected to 
have little luminosity when hot, as a white 
body, being a good reflector, should be a 
bad emitter. But ceria, if pure, is also 
white, about as white as thoria, and there- 
fore should have the same order of emis- 
sivity as thoria. Adding 1% per cent. of 
it cannot, therefore, increase the emissivity 
of the mantle very much. But it does not 
follow that a body which is white when 
cold necessarily remains white when hot. 
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Zinc oxide, for instance, gets yellow when 
hot, and ceria may emit like a dark col- 
ored body when hot. According to Féry, 
it has a much greater emissivity both for 
heat and light than thoria. The ceria of 
chemistry books is white, but the ceria of 
commerce is yellow. 

Almost anything colored, however, in- 
creases the light of thoria if added in 
very small quantities. The reason why 
ceria is used is not that it has any pecu- 
liar radiating qualities. It is chosen be- 
cause it is fairly permanent at the high 
temperatures, and does not weaken or 
spoil the thoria mantle. The earlier man- 
tles were of zirconia and yttria, in the pro- 
portion to make a normal zirconate. Zir- 
conia alone gives very little light, and 
makes a bad mantle mechanically. The 
yttria would contain erbia if separted by 
potassium sulphate. When lanthana was 
used, it would probably contain didymia, 
and prehaps ceria. 


The light of the mantle may thus be 
purely that due to a hot body at a given 
temperature; the proportion of components 
of different frequencies being simply that 
due to the temperature. The addition of 
a little more ceria would then increase 
the emissivity, and cause greater radiation 
and a fall in temperature, so that the light 
would decrease. A decrease of ceria would 
diminish the emissivity, so that though 
the mantle became hotter, it would radiate 
less of all wave lengths. 


Though this simple explanation may be 
ample, it does not follow that there may 
not be all sorts of curious things—such as 
selective emission, luminescence, catalytic 
action, resonance, unstable oxidation, and 
other occurrences, whose names are as im- 
pressive as vague. They may be discussed 
in turn. 


By selective radiation may be meant that 
a body at the temperature of a black body 
emits some rays and omits others, or that 
it has the power of emitting more refran- 
gible rays than a black body at the same 
temperature. If two black bodies are in 
a reflecting envelope at the same tempera- 
ture, each radiates to, and absorbs power 
from, the other. The heat in each is in 
a state of degradation corresponding to 
the temperature; and in a state of equilib- 
rium it must be radiated and absorbed by 
each without further degradation. Heat 
radiated from a black body into a closed 
space in equilibrium is thus not degraded. 
If a body only emits the portion of the 
rays of high frequency, thougn it may radi- 
ate less power or energy per second, that 
energy would seem to be of a higher grade 
than that of the black body at the same 
temperature, so that it can be degraded 
into radiation of lower frequency. If that 
is so, this sort of selective radiation vio- 
lates the second law. Emitting more re- 
frangible rays than the black body is worse 


still. It does not follow from this that a 
body cannot emit rays of high frequency 
balanced by another batch at low  fre- 
quency, so that their degradation corre- 
sponds with the temperature. This form 
of selective emissivity has not yet been in- 
vented by the advocates of this theory. 


There does not seem at present to be 
any thermodynamic reason why a hot body 
should not radiate a selection of rays, pro- 
vided the energy radiated is not less de- 
graded than the heat in the body, or, tu 
put it the other way, as long as the en- 
ergy has no increased “motivity,” to use 
Lord Kelvin’s term. For the radiant en- 
ergy leaving the surface to have a higher 
motivity than the energy in the body is a 
violation of the second law. There is an 
interesting question as to whether the ra- 
diant energy leaving a hot surface can start 
with less motivity. I am not considering 
increase of entropy of radiation spread- 
ing out after it has left the surface, but 
whether there can be a sudden discontinu- 
ous degradation at the surface. Growtn 
of entropy in the case of heat conduction, 
irreversible expansion, and diffusion, is a 
volume increase; and it takes place when 
the motion of the particles is not the same 
in all directions or is not diffused. Thus 
in heat conduction, the particles move 
more quickly when going one way than 
when going the other, though the distance 
is the same each way. In diffusion, the 
motion of the particles of the fluids is, on 
the whole, directional. Here the speed is 
the same, but the distance different. Simi- 
larly with radiation in space. It seems 
open to question whether there can be a 
sudden or discontinuous change of motiv- 
ity as the energy crosses the surface, 
changing from sensible heat to radiation. 
Stokes’s law, that a fluorescent body can- 
not give out radiation on the whole of a 
higher refrangibility than the radiation that 
induced it, does not appear to have been 
proved, but seems to have been rather a 
sort of automatic statement, unconsciously 
based on knowledge, sounding as if it must 
be® right. 


It. may be said that an ordinary spirit or 
bunsen flame does not give any light to 
speak of, though it is hot enough to in- 
candesce a mantle, and it certainly radi- 
ates a great deal of heat; and though it is 
not a surface, if its radiation has less mo- 
tivity than the hot gases, there must be 
discontinuous increase of entropy there. 
Perhaps. But, on the other hand, it may 
make up for its low frequency radiation 
by some very high; and the blueness of 
the flame is significant. Again, in a flame 
it may be the slower-moving particles that 
combine. 

Another theorv, very much to the fore 
in connection with electric lamps, is that 
different surfaces have different radiating 
efficiencies. The experimental evidence on 
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this point is very conflicting, and the con- 
clusions are often, I admit, unsoundly 
drawn. ‘There is direct evidence, due to 
Féry, that the emissive light-efficiency— 
candles per watt—varies enormously. At 
1400°, for example, taking the efficiency of 
a perfectly black body as 1, lanthana is 17, 
thoria 9, a thoria-ceria mantle 7, platinum 
5, chromium oxide 4, carborundum 3, car- 
bon 1.3. On the other hand, chromium 
oxide and ceria in the reducing flame ra- 
diated more total heat per second than a 
black body—an absurdity which the author 
himself was the first to criticise. There is 
apparently a clear instance of selective or 
preferential emission in the case of erbia. 
In the flame it shows bright bands in the 
green. I have not tried a Nernst rod on it. 


The next theory is that the mantle gives 
more light than that due to a simple hot 
body, owing to luminescence. I cannot 
deal with this theory, because I have no 
clear idea what luminescence is. If by 
luminescence is meant the phenomena of 
a mantle, it is no explanation of the phe- 
nomena to call them luminescence. 


Catalytic action is also a little vague. 
The idea often seems to be that, by some 
action or other, the ceria can convert en- 
ergy of chemical action directly into light. 
It must be remembered that chemical en- 
ergy is not work; it is partially degraded, 
and may..be- best. regarded: as heat, of 
which only a portion (6—@)/ @ can be 
converted into work. No catalytic action 
can restore chemical energy to a higher 
grade. But many of the chemists who 
advance the catalytic action theory are not 
men who would make slips of that sort. 


The catalytic argument may perhaps be 
put something like this: If a mixture of 
gas and air is above ignition temperature, 
and is enclosed in a case from which no 
heat can escape, the speed of the chemical 
action will depend on the temperature, the 
pressure, and the relative amount of air, 
fuel, and combined products. We _ will 
take the pressure as constant. The rate 
of combination then depends on the com- 
bustion already completed. Suppose now 
the combustion takes place in a flame. Let 
us consider a small volume of burning 
mixture ascending. It can now radiate 
heat, and the temperature corresponding to 
a given proportion of fuel burned is low- 
ered. If the reaction constant could be 
artificially increased, the flame would be 
hotter and would radiate more heat. The 
rate of radiation of heat keeps the flame 
temperature from rising to such a value 
that the reaction constant is zero, or that 
the products dissociate as fast as the fuel 
burns. If ceria has the power, by cata- 
lytic action, of increasing the reaction con- 
stant, the ceria may be considerably hotter 
than the flame; and catalytic action may 
thus cause the mantle to give out rays 
corresponding to a higher temperature than 
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the flame, though not to a higher tempera- 
ture than that corresponding to the chem- 
ical action. There must always be some 
degradation of energy. 

It is said that ceria acts in a special way 
by wobbling from one state of oxidation 
to another. It is quite clear that an oxide 
cannot create energy or heat or light by 
wobbling; moreover, it cannot be in equi- 
librium in both states. If it is in equi- 
librium in one state, it cannot move out 
into a higher state. Again, chemists who 
put forward the oxidation theory are not 
likely to" put<it)an® stich> a form as* this, 
‘thus a more tenable proposition is to be 
sought. If the rate of combination de- 
pends on the collisions of suitable par- 
ticles at suitable speeds, and if the lower 
oxide of cerium can hang on loosely to 
oxygen particles so that it has a stock 
of them, any fuel particle, hitting the ceria 
at suitable speed, can combine with oxy- 
gen. The ceria would thus heat the man- 
tle above the temperature of the flame, or 
at any rate to a higher temperature than it 
would otherwise reach. 

The next theory is that of “resonance.” 
Particles of gas are vibrating and chang- 
ing their velocity fast enough to produce 
light, but somehow do not produce it. Par- 
ticles of solid, however, get set into vibra- 
tion synchronously with the gas particles, 
and thus radiate energy of the same grade 
as the heat of the flame. But ceria is sup- 
posed to be specially timed to vibrate with 
frequencies corresponding to visible radia- 
tion; so it radiates more light than other 
solids. This really amounts to ceria doing 
the work of Maxwell’s demon, except that 
it is working on waves instead of particles. 
It can get outside the second law just the 
same. Maxwell’s demon is apt to come 
into radiation in many disguises. He is 
rather fond of being a very. thin plate 
which lets only one wave length through, 
and reflects all others perfectly.. I have 
seen him mixed up in proof of Wien’s law 
in this disguise. 

The explanation that there is nothing 
anomalous about the mantle, and that it 
gives light because it is very hot, has a 
“Jordan” simplicity about it which makes 
it unpopular compared with the “Albana 
and Pharpar” of luminescence and cata- 
lytic action. All the same, very simple 
explanations are often wrong. 





INCANDESCENT GAS LIGHTING 
By TuHomas J. Lutte, Jr. 


Read before the first Annual Meeting of 
The Natural Gas Association of America, 
June 12, 1906. 


To trace in detail from the date of its 


- inception, to the present time, the growth 


would be 
the entire 


lighting, 
unless 


of incandescent gas 
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time of the convention was given to that 
purpose. Dr. Bunsen, the inventor of our 
invaluable Bunsen burner, little imagined 
that his burner would revolutionize the 
lighting and heating systems ot the world. 
It was Dr. Auer von Welsbach, of Vienna, 
one of the largest chemists the world has 
ever known, who, in 1880, while working 
in Dr. Bunsen’s laboratory in Heidelberg, 
doing spectroscopic work in connection 
with the study of some of the rare earth, 
founu by experiment that he could impreg- 
nate a cotton fabric with a solution of 
rare earth nitrates and after burning the 
cotton away a delicate ash would remain, 
thus enabling him to study the material 
by the aid of the spectroscope, after it had 
been brought to incandescence in the Bun- 
sen flame. 

Mantles——Later he conceived the idea of 
forming a hood or mantle of rare earths 
and suspending it over the Bunsen flame, 
to produce artificial illumination. He was 
discouraged by Dr. Bunsen and generally 
ridiculed and discredited by the scientific 
world at large and the gas fraternity in 
particular, like many others of our early 
inventors. For seven long years he ex- 
perimented with many oxides, starting 
with erbium, which gave a brilliant green 
light, and finally, in 1887, producing the 
lanthanum-zirconium mantle, which gave 
approximately 12 candles to the cubic foot 
of gas. This was encouraging, when we 
consider that the flat flame burner gave 
only from 3 to 4 candles per cubic foot. 
Companies were formed in all parts of 
the world to manufacture mantles under 
the Welsbach patents, but owing to the 
fragility of the mantles and their rapid 
deterioration, the venture seemed complete 
failure. The Vienna factory and labora- 
tory were sold. The American factory at 
Gloucester, however, struggled on with the 
lanthanum-zirconium mantle, and made 
heroic efforts to make it a commercial suc- 
cess, but it was uphill work; apparently the 
system was dying. 

At what appeared to be the psychological 
moment for the industry, Dr. Auer, who 
had been constantly experimenting in his 
Vienna laboratory, with a view to produc- 
ing a commercial success, struck upon the 
thorium-cerium mantle, which is the mod- 
ern Welsbach mantle. With the early lan- 
thanum-zirconium mantle natural gas, with 
its high heating value and unlimited pres- 
sure, looked attractive, but there were 
many difficulties. We were compelled to 
ship mantles from the Gloucester factory 
to our natural gas distributing centers, 
there burning off the coating and mount- 
ing the mantles on burners and carefully 
installing on the fixture of the consumer. 
To-day we see the mantle a phenomenal 
commercial success, spreading to uses 
never dreamed of by the pioneers. For 
example,-we now make an especially hard 
inverted mantle for railroad car lighting, 


burning Pintsch gas, and several hundred 
cars are so equipped. These mantles are 
so hard and strong that they will last for 
several months and no anti-vibration de- 
vice is found necessary to prevent their 
breakage. We are also making very large 
lighthouse mantles and shipping them to 
all parts of the world. 

Burners.—The incandescent mantle burn- 
cv hias_ occupied the attention of the in- 
ventor ever since the inception of the man- 
tle. The early burners appear to us now 
ridiculous, with the trestle-like appearance 
and their faulty design and construction. 
It is imagined by many that all burners 
are alike. They are, only in the fact that 
they all burn gas, but from the standpoint 
of efficiency there is a very marked dif- 
ference. I have recently tested such a 
burner which gave an efficiency of but 15 
candles to the cubic foot of gas, while a 
good burner on the same gas and at the 
Same time gave 22 candles to the cubic 
foot. On natural gas the conditions for 
best combustion are slightly different from 
those with manufactured gas. In the first 
place, the high calorific value as well as 
the higher working pressure make it espe- 
cially desirable for incandescent lighting. 
For the highest efficiency on any gas we 
endeavor to crowd as much gas with the 
required proportionate amount of air as 
possible within the mantle, thus as the gas 
pressure is increased the ability of the gas 
jet or jets to entrain air is greater in con- 
sequence of the increased jet velocity of 
the gas. This condition is especially no- 
ticeable on the high pressure lighting sys- 
tems. The highest lighting efficiency ever 
obtained, to my knowledge, was with the 
New Process gas lamp, a self-intensifying 
lamp using two mantles, having a_ heat 
motor above operated by the hot products 
of combustion and in turn operating a fan 
blower, forcing a large volume of air at 
so low a pressure as not to be distin- 
guished on the water gauge, mixing and 
pre-heating the air and gas and delivering 
to a combustion chamber, where it is 
burned with a soft blast flame. This lamp 
has given almost 1,000 actual candle-power, 
consuming but 20 cu. ft. of manufactured 
gas, which means an efficiency of nearly 
50 candles per cubic foot of gas. On nat- 
ural gas the efficiency would be consid- 
erably higher. The gas pressure is im- 
material, when using this lamp, as the gas 
simply flows into the burner, the air being 
pumped. The natural gas burner, using 
as it does a gas of high heating value, must 
in consequence entrain more air than if 
the same volume of artificial gas were 
used, and as to increase the gas pres- 
sure increases the jet velocity with its 
consequent ability to entrafn more air, we 
find that we require the higher working 
pressure for natural gas, the most common 
practice being to carry about three times 
the pressure necessary for manufactured 
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gas. When needle valve Bunsens are used, 
a smaller orifice is required for natural 
than for artificial gas, but the Mason mul- 
tiple hole check as used in the standard 
burner of the Welsbach Company works 
equally as well with either gas. This is 
especially desirable, as it is often neces- 
sary to change from one gas to the other. 


It has been found that the construction 
of a burner gauze had much to do with 
the proper working of the burner. A small 
spreader or washer secured to the center 
of the gauze, while giving the best results 
on artificial gas, gives comparatively poor 
results on natural gas, for as more air is 
proportionately required for natural gas, 
tne resultant mixture passing through the 
tube is greater, and in this case the spread- 
er in the center of the gauze simply im- 
pedes the flow through the top opening 
of the burner, consequently a plain gauze 
is used. In addition to this, an extra gauze 
is supplied with each burner, to be placed 
in the mixing chamber should the exces- 
sive pressure cause the burner to roar. 


For general work I prefer a four-ounce 
pressure for natural gas, and while it is 
perfectly possible to obtain a very much 
greater cande-power by increasing the 
pressure, the burner is likely to roar, to 


obviate which the extra gauze mentioned. 


above should be used to more thoroughly 
mix the gas and air.” The .same “result 
may be obtained by lengthening the Bun- 
sen tube. This, however, gives the burner 
an ungainly appearance. The lower pres- 
sure, therefore, is more desirable, as the 
use of a lower gauze causes considerable 
trouble to the consumer on account of its 
collecting dust, which the consumer in- 
variably neglects to clean out when renew- 
ing the mantle. 


It is of the greatest importance that the 
gas pressure should be held uniform, and 
while good burners will operate satisfac- 
torily over quite a wide range, if carefully 
adjusted, at the mean pressure, they are 
more frequently over-adjusted at the low- 
er pressure by the consumer, and as the 
pressure increases the flame will stream 
up through the mantle. The. adjustable 
gas check has been of the greatest service 
to the incandescent lighting system, and is 
absolutely essential, even though the gas 
pressure in the building is held absolutely 
uniform, for every mantle has a variable 
form, one having a full shape requiring 
considerably more than a tapering mantle, 
and it is consequently found necessary to 
adjust the gas check each time a mantle is 
placed on the burner. The external cap 
support mantle is by far the best for use 
on natural gas. The center support neces- 
sarily requires a socket to secure it in the 
center of the gauze, which socket is re- 
tained in position by the use of a washer, 
and, as before mentioned, this washer 
greatly interferes with the working’ of 
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the burner. Never was cleanliness nearer 
to godliness than in the incandescent gas 
burner. Any accumulation of dust on the 
inner surface of the Bunsen tube or under 
the gauze will greatly reduce the efficiency 
of the burner and quite frequently will 
cause the mantles to carbonize. It is high- 
ly important, therefore, that you educate 
your consumers to clean the burners each 
time they renew mantles and more fre- 
quently if you can get them to do it. 


Gas Arcs.—The gas arc lamp has been 
successfully adapted to natural gas. I have 
gotten the best results by using a high 
alabaster globe, surmounted by a brass 
stack or draft inducer. The globe should 
be of large diameter and high, in order to 
remove it as far as possible from the man- 
tle flames. In addition to this, the high 
globe, when used in conjunction with the 
metal stack, gives in effect a long chim- 
ney, which is especially desirable on nat- 
ural gas. The metal stack should not be 
too small in diameter, as there: will be a 
tendency to check the draft rather than 
to augment it, as we are handling a large 
volume of the heated products of combus- 
tion and air. The nickel finish also stands 


‘better on the stack of larger diameter. 


This stack should be made of heavy weight 
sheet brass, heavily nickel plated, as I con- 
sider the substitution of sheet iron for 
brass a great mistake in lamp. manufac- 
ture, as such shells frequently leave the 
drawing dies badly wrinkled, and they will 
never take as good a nickel finish as the 
brass shell. They also show a tendency 
to rust. I have seen such lamps rust-pitted 
over their entire surface. The arc lamp 
gives the best results when the burners 
are equipped with plain gauzes, and the 
mantles should be suspended from above, 
and not on center supports, as there is a 
marked increase in candle-power when the 
wire gauze is used instead of the pierced 
metal cap carrying a center support. The 
old opal glass ceiling shield has been super- 
seded by a metal baffle plate, and the glass 
reflecting shade has been omitted, leaving 
but one piece of glassware to maintain. 
I am now referring to the lamp using a 
large pear-shaped alabaster globe, scien- 
tifically designed to softly diffuse most of 
the light below the horizontal, making the 
reflecting shade seldom necessary. 


' Inverted Mantle Burners—The inverted 
gas light has made its début on the Amer- 
ican market, and, while there are a great 
many worthless burners and mantles be- 
ing sold, the mere fact that they are sold 
would indicate a demand for a good burn- 
er. I may say that after a great deal of 
experimental work in all parts of the 
country we have succeeded in producing a 
burner and mantle which I believe will 
prove as successful as the standard up- 
right burner, and one that will lend itself 
to the adaptation of a variety of glass-- 
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ware. All will concede the greater deco- 
rative possibilities of the inverted light. 
The new burner works equally well on 
_ natural or artificial gas. The efficiency is 
extremely high, and the useful light, 7. e., 
the lower hemispherical candle-power, is 
much greater than with the upright burn- 
er. We have obtained with a flat opal 
shade and a clear cylinder, on artificial gas 
at two inches pressure, three cubic feet 
gas consumption, 118 candle-power direct- 
ly under the lamp, while with the deep 
cone mirror gas reflector suitable for store 
window lighting, 277 candles were ob- 
tained on three cubic feet of gas. Much 
better results can be obtained on natural 
gas. 

Tinted Light —The most important fac- 
tor in incandescent gas lighting is the se- 
lection of the proper mantle, and the best 

mantle is one giving a mellow light, heav- 
ily saturated with the lighting fluid. The 
mellow light mantle, in addition to the 
fact that the light is softer and more pleas- 
ing to the eye, is more efficient both in- 
itially and after burning for a long period. 

A 1,000-hour endurance test of the mel- 
low mantle will frequently show at the 
end of the test a drop of only 25 per cent. 
or 30 per cent. in candle-power, while the 
white light mantle will have dropped 50 
per cent. or even 60 per cent. during the 
same period. The mellow mantle is also 
stronger and shows a lesser tendency to 
shrink. All mantles whiten with age, due 
to the fact that the cerium becomes in- 
active, consequently the greater the cerium 
content of the mantle the longer can it be 
burned before giving that. greenish ghast- 
ly glare which is so severely criticised by 
your friends, the electric light men. 


Maintenance.—In electrical circles it is 
deemed expedient to discard lamps after 
they have dropped 20 per cent. from the 
initial candle-power, which means with a 
3.1 watt lamp an average life of about 600 
hours, consequently I believe a_ similar 
practice would be beneficial to the gas 
business. Mantles could be renewed after 
they had dropped off 25 per cent. or 30 
per cent., and if the mellow light mantles 
were used this would not be an unreason- 
able proposition; with a low grade white 
mantle, however, which is very lightly satu- 
rated with the lighting fluid, you would 
be compelled to replace them every couple 
of hundred hours to maintain your high 
standard of lighting, and, of course, this 
would be prohibitive. Little wonder, then, 
that we see such miserable demonstrations 
of incandescent gas lighting throughout the 
country, where the cheap white mantles 
sold by peddlers are used. Quite frequent- 
ly the peddler or unscrupulous dealer will 
purchase mantles for six or seven cents 
and sell them for as much as twenty-five 
cents, and the poor public blame their 
lighting troubles on the gas man. 


The question is frequently asked. why 
high grade mantles sometimes break as 
readily as the cheaper mantles. This is 
caused by shock in transportation or rough 
handling on the part of the dealer or con- 
sumer. To obtain the best results in in- 
candescent lighting, therefore, I would sug- 
gest that you carefully educate your cus- 
tomers to the use of the mellow light man- 
tle, to handle it carefully and keep their 
burners clean. This is being successfully 
done at several points throughout the coun- 
try. 


WIRING AND LIGHTING EQUIP- 
MENT OF AN EIGHT-ROOM 
$3,500 RESIDENCE 


By J. R. CravatuH. 


Read before the Ohio Electric Light Asso- 
ciation, Aug. 21, 1900. 


The proper wiring and lighting equip- 
ment of an eight-room residence of a cost 
of about $3,500 is the problem which has 
to be dealt with more frequently by most 
of the members of this association than 
any other class of customers’ installations. 
The choice of the subject by your commit- 
tee is therefore especially commendable. 
My first idea when I started to prepare 
this paper was to simply draw up a single 
set of specifications for an _ eight-room 
house. After considering the matter fur- 
ther, however, I have concluded that the 
value of this paper to the members would 
be much greater if I were to outline a 
number of good schemes for each room, 
thus giving opportunity for a choice among 
several efficient schemes for each room. 
This is what one would naturally wish to 
do in dealing with prospective customers, 
and consequently it is the course I have 
pursued here. 

To begin with, we will assume that our 
eight-room $3,500 residence has, in addition 
to the basement, the following rooms: 


Living room, 

Library reception-room, or den, 
Dining-room, 

Kitchen, 

Pantry, 

Four bed-rooms, 

One bath-room. 


As far as these rooms are concerned, 
we have before us a fairly definite and 
uniform problem in nearly all the houses 
which we come across. The principal vari- 
ations will be in the hall and stairway 
arrangements and porch. We will take up 
the rooms first, giving for each room the 
choice of several different schemes which 
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are designated A, B, C, etc. The five draw- 
ings are given simply to indicate the num- 
ber and position of sockets. The fixtures 
may be as plain or as elaborate as desired. 


LIVING ROOM. 


Plan A—Place one 3-light chandelier of 
the general style indicated in Fig. 1 in the 
center of the room. Equip the center socket 
with a prismatic reflector which will throw 
a strong light down under the chandelier 
for reading purposes. Equip the chandelier 
arms with Holophane Class B stalactite 
globes for the general lighting of the 
room. ‘These diffuse the light and direct it 
downward. The prismatic reflector on the 
center socket should be chosen with refer- 
ence to the amount of area to be illumi- 
nated. If not more than two persons are 
likely to wish to read under the chandelier, 
a very deep concentrating reflector can be 
used. If several persons are likely to be 
reading in the room in the evening, one 
giving a wider distribution is necessary. 
The general lights on the chandelier arms 
should be sufficient to light the room well 
in all parts on ‘special occasions. If ‘the 
room is large, use a 3-arm chandelier, but 
this is seldom necessary in a house of this 
size. 


Plan B—Use a fixture like that shown 
in Fig. 1 and equip the center socket with 
a 7-inch opal dome reflector and frosted 
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lamp. Equip the chandelier arms with 
frosted lamps in small opal ball reflectors. 
This will give similar results to Plan A 
with a slightly lower cost of glassware. 
Some will prefer the opal to the prismatic 
glass. Opal reflectors cannot be obtained, 
however, which concentrate as much light 
over a small area as do prismatic reflectors. 


Plan C—Use such a chandelier as in Fig. 
t and equip the chandelier arms with Holo- 
phane Class B stalactites and the center 
reading socket with a Holophane Class A 
stalactite. This will not give as good a 
reading light as Plans A and B, but it is 
more artistic in appearance and places all 
lights behind diffusing globes. 


Plan D—Use chandelier indicated <n Fig. 
1 and equip the arms with sand blasted or 
frosted balls. On the center socket for 
reading purposes use a prismatic reflecting 
ball with lower half frosted. This is less 
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efficient than any of the previous arrange- 
ments proposed, but very handsome. 


Plan E—Place a hemisphere in the cen- 
ter of the ceiling, using inside the hemi- 
sphere one lamp pointed straight down and 
equipped with a flat reflector. Either u 
ground glass or Holophane hemisphere can 
be used with good efficiency. An opal or 
opaline hemisphere should not be consider- 
ed. Place a bracket like Fig. 5, with lamp 
at an angle of 25 degrees, at the point in 
the room which the owner wishes to use 
for reading. Equip the bracket with a 
frosted bulb lamp and a prismatic reflector. 

It is also a good plan to place in the 
corner of the room which is likely to be 
used for a piano a flush wall receptacle. 
This wall receptacle can be used for a pi- 
ano lamp, fan or ornamental table lamp. 
The electric table lamp is not to be recom- 
mended for useful reading purposes, how-. 
ever. Better results can be secured by put- 
ting the reading lamp in a good reflector 
on the chandelier or wall bracket, as indi- 
cated in the previous plans outlined. Of 
course with the reading light on the chan- 
delier the table should not be placed under 
the chandelier as that is the very place 
which should be occupied by the persons 
reading in order to get the best light. 


LIBRARY. 


In the ordinary eight-room house there | 
is usually a small room which is used vari- 
ously, according to the ideas of the owner, 
for a library, reception room or den. 

Plan A—Place in the center of the room 
a 2-light chandelier of the general design 
indicated in Fig. 2. Equip with two pris- 
matic reflectors. These will light the 
library table, which will naturally be placed 
under the chandelier, and will also give 
enough light on the book shelves to read 
book titles. A portable table lamp is good 
on a library table when the reading is done 
on the table close to the lamp. 

Plan B—Use chandelier, Fig. 2, and 
equip with 7-inch opal dome reflectors. 
This will give about the same results as 
Plan A. Use frosted lamps in either case. 
One wall receptacle is also advisable in 
this room, as there is likely to be a desk in 
one corner calling for a portable desk 
lamp or a fan, or both. 


DINING ROOM. 


Plan A—Place a 1-light chain pendant 
in the center. Equip with an art glass dome 
and have the lamp inside point straight 
down. Over the lamp inside put a pris- 
matic reflector of a type which will give 
an even distribution of light over the en- 
tire top of an ordinary dining table. Avoid 
the use of a reflector which concentrates 
light in the center of the table at the ex- 
pense of the edges, as the effect will not 
be good. A ground glass bottom on the 
dome is desirable. 
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Plan B—Use Plan A, but equip the lamp 
inside the art glass dome with a fluted opal 
cone reflector. 


Plan C—Use a chain pendant, and equip 
with a decorated I1-inch opal dome re- 
flector. This, of course, will cost consider- 
ably less than the art glass dome. 


Plan D—Use style of chandelier indicat- 
ed in Fig. 3. Equip the center socket with 
an 8-inch opal dome which will distribute 
light well over the table for all ordinary 
occasions. For lighting up the room more 
thoroughly, equip the chandelier arms with 
bare, frosted lamps. The lamps on the 
arms are seldom needed. 


KITCHEN. 


Plan A—Place a pendant or bracket with 
lamp socket pointed straight down, 7 feet 
above the floor, a little to one side of the 
sink, and equip with a fluted opal cone re- 
flector. In some other part of the room, 
where it will cover range and table, place 
a pendant with a lamp above 7 feet from 
the floor. Control both lamps with one 
switch, and use chain pull sockets for turn- 
ing off one lamp when not needed. 

Plan B—Place one lamp in the center of 
the ceiling. Control by a switch and equip 
with a reflector which will give the maxi- 


mum intensity obtainable in the direction | 


of sink and range. In the ordinary 10-foot 
square kitchen, this reflector in the present 
state of the arc will be a prismatic reflector, 
which gives an intensity of over 30-candle- 
power at the desired angle. The fluted 
opal cone and the opal dome reflectors are 
also good ones to use in such a location. 


PANTRY. 


Plan A—Place one bare lamp on a drop 
cord 6% feet above the floor. 


Plan B—Place the lamp at the ceiling, 
control it by switch and equip it with a 
fluted opal cone reflector. 


BED ROOMS. 


In bed rooms, the owners are likely tu 
balk at the cost of providing enough out- 
lets to give the most perfect bed room 
lighting. In outlining the following differ- 
ent schemes for bed room lighting the 
author began with the simplest and cheap- 
est and from that went step by step to 
more expensive and more satisfactory plans. 
Although some of the plans proposed may 
seem crude, all realize the desirability in 
many cases of keeping down the cost of 
installation. The owner, if left to himself, 
and the wiring contractor, will frequently 
provide well for the rest of the house, but 
put the bed rooms off with a single bare 
lamp on a few feet of flexible cord. 


Plan A—Where one outlet only is allow- 
ed, place a 3-lamp wireless cluster on the 
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ceiling in the middle of the room. This 
will give an outlet to which various port- 
able devices can be attached and the curl- 
ing iron heater, heating pad, etc., will be 
taken care of. For the lighting of the room 
as a starter, use a portable wall bracket 
which can be hung on a hook anywhere 
in the room, and attach it by means of 
flexible cord and an extension plug to the 
wireless cluster on the ceiling. The port- 
able wall bracket used should in general 
form resemble the ordinary permanent 
bracket with the lamp mounted at an angle 
of about 25 degrees from vertical. Equip 
the portable bracket with a fluted opal cone 
reflector or a prismatic reflector giving a 
fairly wide distribution. The portable wall 
bracket will probably most of the time be 
hung over the center of the dresser mir- 
ror. It can also, at a moment’s notice, be 
placed anywhere else in the room or hung 
low for reading purposes. If provided with 
chain pull socket, it can be hung over the 
bed within reach of a person in bed, for 
use in the night. The portable bracket is 
somewhat of a makeshift, but it comes 
nearer to giving light in all places that 
light is likely to be wanted in a bed room 
than any arrangement not providing three 
or four outlets. 


Plan B—Same as Plan A, but add a drop 
cord in the middle of the room and equip 
the lamp with an opal or prismatic reflector. 
Also mount bare, frosted lamps each side 
of the dresser mirror and attach these by 
flexible cord and extension plug to the re- 
ceptacle at the center of the ceiling. This 
plan will give as completely lighted a bed- 
room as one could wish, but, of course, has 
the objection of considerable exposed flex- 
ible cord. This, however, is not as serious 
as might be thought. 


Plan C—Place a 1-lamp pendant in the 
center of the room with a prismatic re- 
flector and a 1-lamp bracket of the style 
indicated in Fig. 5 over the center of the 
dresser mirror. This will call for two 
permanent fixtures, the lamps on both of 
which will, as a rule, be used at the same 
time. It will, therefore, be advisable to 
provide some of the well-known means for 
getting current for heating devices from 
one or both of these outlets without dis- 
turbing the lamps and reflectors on the fix- 
This can be done by providing a 
flush wall receptacle close beside the fix- 
ture outlet, or by using a type of canopy 
receptacle or tap recently put on the mar- 
ket. One lamp over the center of. the 
mirror is sufficient for most purposes ex- 
cept shaving, consequently where this Plan 
C is used a portable shaving mirror with 
lamps on each side must be hung up some- 
where in the room and attached by exten- 
sion plug and cord to one of the outlets 
when needed. 


Plan D—Place a bracket each side of 
the dresser of the general style shown in 
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Fig. 4. Use frosted upright lamps. Place 
a I-lamp pendant with lamp 6% ft. above 
the floor in the center of the room for gen- 
eral lighting and reading. The lamp 
bulbs each side of the dresser should be 
5 feet 9 inches above the floor. This will 
be a little high to provide the best shaving 
light, so that if shaving is to be done a 
portable shaving mirror with a lamp on 
each side can be hung at some convenient 
point in the room and attached to one of 
the dresser bracket sockets. 


Plan E—This plan represents: the “most 
perfectly lighted bed room, but calls for 
more outlets in each bed room than the 
average owner of a $3,500-residence is will- 
ing to pay for. Place a short 2-lamp chan- 
delier of the general style shown in Fig. 2 
in the center of the room with lamps 7% 
feet above the floor controlled by a switch. 
Equip the lamps with 7-inch opal dome 
reflectors, or prismatic reflectors giving an 
approximately similar distribution. Place 
a bracket of the style indicated in Fig. 4 
each side of the dresser with the lamp bulb 
4 feet 8 inches above the floor, using frost- 
ed bulb lamps with no shades. Place u 
bracket of the style indicated in Fig. 5 over 
the center of the dresser mirror, and equip 
with fluted opal cone reflector or prismatic 
reflector, giving similar distribution. Place 
over the head of the bed a bracket of the 
style indicated in Fig. 5. Equip with chain 
pull socket and a concentrating type of 
prismatic reflector. 


-HALLWAY AND STAIRS. 


Arrangements of halls and stairs differ 
so much that general rules are hard to 
formulate. It is usually advisable to have 
one lamp. half way up the stairs, where it 
will light both up and down the stairs, and 
control this by a 3-way switch at the top 
and bottom of the stairs. The glassware 
used on the stair lamp must depend alto- 
gether on the direction in which the light 
is wanted. If it is placed very high on the 
ceiling of the second floor (as it must be in 
some cases), a concentrating prismatic re- 
flector should be used. If it is placed on 
the stair landing to light both up and 
down, a sand-blasted ball is best. 


BATH ROOM. 


Plan A—Place one lamp at the ceiling 
with fluted opal cone reflector and control 
by a switch. 

Plan B—Place one lamp on a pendant 6% 
feet above the floor with chain pull socket 
and a prismatic reflector giving very wide 
distribution. 


BASEMENT. 


Plan A—Place two or three lamps with 
flat porcelain reflectors at points where 
they are likely to be needed. Control all 
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lamps with one switch and use turn-down 
lamps. 
PORCH. 


Plan A—Place one lamp in a 7-inch opal 
dome reflector over the front door. Con- 
trol by a switch inside the house. In some 
cases the owner will wish to have this lamp 
controlled also from the outside, in which 
case 3-way switches can be used. What- 
ever is done, the lamp should be control- 
able from the inside for obvious reasons 
of safety and convenience. 


HEATING CIRCUIT. 


No new home should be wired these days 
without a special heating circuit of No. 8 
or I0 wire ending in plug receptacles of 
ample capacity in the kitchen, and in one 
similar plug receptacle in the dining room. 
The dining room receptacle can usually best 
be placed in the baseboard near the side- 
board, although some prefer to place it 
under the dining room table. Receptacles 
designed especially for the heavy current 
used by some heating devices should be 
used. The majority of receptacles used for 
other purposes are too light. The small 
heating devices used elsewhere than in the 
kitchen and dining room can be attached 
to ordinary lamp sockets. 


GENERAL NOTES. 


The living room and library chandeliers, 
although controlled by wall switches, 
should be equipped with chain pull sockets 
so that some of the lights can be turned 
off at the chandelier without an unreason- 
able reach by a short person. This obviates 
the expense of a double circuit to a chan- 
delier. In the dining room, if desired, the 
expense of a wall switch can frequently 
be done away with if a chain pull socket is 
used on the dining room fixture, since it is 
usually easy to locate the dining room fix- 
ture in the dark by virtue of the fact that 
it is over the middle of the table. 


Prismatic reflectors are made to give 
such greatly different forms of light distri- 
bution that they should always be selected 
either by their photometric curves, which 
are fréquently obtainable from the manu- 
facturers, or by actual trial. 


DRAWING UP SPECIFICATIONS. 


After we have decided upon the exact 
location and equipment of txtures, it is 
important to have some system whereby 
specifications for the work can be drawn 
up rapidly and systematically, so that the 
necessary information and instructions can 
be put in the hands of workmen, contract- 
ors, and bidders. Even where a central 
station company does the wiring itself, the - 
man who plans the job must have some way 
of putting down his ideas so that others can 
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follow them easily. The first thing to be 
done is to take a set of floor plans of the 
house and mark upon these plans the loca- 
tion of the various outlets, indicating the 
number of sockets to be provided at each 
outlet. In order to avoid the great amount 
of work which would be necessary to draw 
up complete typewritten or manuscript 
specifications for each room, a table or 
blank schedule of the form shown in Fig. 
6 will be found of great value. This table 
provides for most of the common items in 
connection with any ordinary job, and the 
extraordinary things can be taken care ot 
under remarks’ column. It is a quicker 
and easier job for the contractor and 
workmen to get information off such ua 
schedule than from any other form ot 
specification, and at the same time the 
schedule can be made out very rapidly. 
In the column specifying the kind of fix- 
ture to be used, reference can be made to 
a rough sketch indicating the general ar- 
rangement of sockets on the fixture; or if 
selection of the fixture is made at the time 
the schedule is drawn up, the maker’s cata- 
logue number of the fixture can be used 
instead of a sketch number. The accom- 
panying schedule is filled out for a part of 
the wiring and lighting of the proposed 
house, using the plans marked A in the 
foregoing portions of the paper. It will 
not always be necessary to fill- out all of 
the items on this schedule, nor is it neces- 


No. of Lights 
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ROOM 


No. of Outlets 
No. of Fixtures 
Height of Outlet 
Height of Socket 
Style of Socket 


Electric 


OR 
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sary that all of the schedule be filled out 
at ances. Les portion. tiecessaty: for, the 
wiring can be filled out when the wiring 
bids are to be received, leaving other por- 
tions until later. 

In planning the location of fixtures, and 
especially that of wall brackets in bed 
rooms, it is desirable to have some means 
of showing quickly the probable location 
of furniture, and of trying the furniture in 
different locations. In going over the 
lighting plans with the owner, an excellent 
plan is followed by the Cleveland Electric 
Illuminating Company. Blocks of the sizes 
of various pieces of furniture have been 
made up to the same scale as the archi- 
tect’s plans so that they can be set on the 
plans and the owner of the house can de- 
cide intelliegntly where to locate the furni- 
ture. 

Against possible changes in location ot 
furniture there is no safeguard, except the 
possible inconvenience of such changes and 
the use of lamps mounted directly on the 
dresser. Where such work is being done 
it is a good plan to have blank schedules 
printed on tough, thin bond paper from 
which blue prints can be obtained after the 
original blank is filled out. Where not 
enough work is done to justify this ex- 
pense, a blank schedule drawn up on trac- 
ing cloth can be used to make blue prints 
and the blue prints can be filled out in 
black ink or red pencil. 
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Review of the Technical Press 


AMERICAN ITEMS 


INCANDESCENT Lamp RENEWALS. By J. W. 
OS ae Electrical Age, September, 
1900. 

A discussion of the problems confronting 
central: stations that furnish free renewals 
of lamps. The writer concludes that the 
practice of depending upon the customer 
to send his old lamps in for renewal is 
unsatisfactory, and suggests that Stations 
make out a regular schedule for their dif- 
ferent customers of the times when they 
will call for exchanging lamps, so that the 
old lamps may be ready for delivery. 





DISCRIMINATION IN MUNICIPAL LIGHTING. 
By J. S. Codman.—The Central Station, 
September 1, 1900. 

A brief exposition of the discrimination 
arising from the method of charging a 
uniform rate per kilowatt hour. As the 
writer states: “To sum up, tt may be 
stated that a uniform price per kilowatt 
hour not only means a variable rate of 
profit on customers, which is improper, 
but also means a higher price per kilowatt 
hour to the customers as a whole.” 

“Tt may be objected that it is impossible 
to make a schedule of prices proportional 
to the cost of supply and that therefore a 
uniform price per kilowatt-hour is the best. 
It is probably true that a scale of prices 
exactly proportional to costs is practically 
impossible to obtain, but nevertheless it 
can be approached very closely. Various 
systems of charging with this end in view 
are already used by many private com- 
panies, which fully realize that reduction in 
the average cost makes possible a reduction 
in the average price and a consequent in- 
crease of business.” 

After discussing some of the different 
systems of charging, the writer refers to his 
paper presented to the Association of Elec- 
tric Lighting Engineers of New England, 
under the title, “Discrimination in Rates.” 





ILLUMINATION AT THE EAGLE’S CONVENTION, 
MitwavuKeEE.—Electrical World, Septem- 
ber 1, 1906. 

A description of the method of tem- 
porarily installing incandescent lamps for 
decorative lighting. 

“The general plan was to place an arch 
of lights across the street above each rail- 
way span wire. This arch of lights was 
suspended from a span wire above the reg- 
ular trolley span wire. The arch consisted 
simply of the two supply wires from which 
the lamps were fed. These supply wires 


were supported by porcelain insulation of 
the type which take two conductors side by 
side. These insulators were held together 
by an eye-bolt to which the wire was at- 
tached by which it was hung from the 
span wire. The lamp sockets were of the 
type commonly used in such decorative 
lighting and were supported by the two 
conducting wires. Lamps were _ placed 
about one foot apart. On the central part 
of the arch clear bulb lamps were used, 
and on the ends red and green bulbs. In 
some cases the steel poles were not high 
enough on one side of the street to take 
the extra span wire, and in these cases 
a neat wooden extension was driven in the 
top of the steel pole. Although the plan 
is best suited to temporary lighting it is 
substantial enough so that it could be made 
to serve well as a permanent down town 
lighting scheme in small villages where 
some special lighting is wanted and steel 
arches are prohibitive in cost.” 





THE Tuncsten Lamp.—Electrical World, 

September I, 1906. 

A review of the various methods that 
have been worked out for the manufacture 
of incandescent lamp filaments from tung- 
sten and its alloys. 





Gas Loatc. 

This is the title of a monthly periodical 
used for the purpose of promoting the 
use of gas in New York City. While it is 
therefore, strictly speaking, a commercial 
publication, it is worthy of recognition 
among the technical journals on account 
of the extremely attractive form in which 
it is gotten up, as well as the practical 
value of its contents. The articles of a 
technical nature in the September issue are 
“How the Mantle is Made,” by Victor A. 
Rettich; “Under Gas-light in London,” by 
Harold <A. Stewart, and “The Living 
Room,” which deals with the furnishing 
and lighting of this most important room 
in the home, concerning which it says: 

“The placing of the lights is even more 
important. A good general rule is to have 
them high enough to shine in nobody’s 
eyes, and to assure the ligt coming wholly 
from above—unless, of course, there is a 
shaded table lamp. Nobody, off the stage 
and without “make-up,” looks well in a 
light that strikes upward from some point 
below the face. Light is a painter of pic- 
tures, and sometimes, like a freakish paint- 
er, it. caricatures® the sitter.” 
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FOREIGN ITEMS 


THE NEW FORMS OF INCAN- 
DESCENT ELECTRIC LAMPS 


By Dr. C. R. Boru. 


Journal fur Gasbeleuchtung und Wasser- 
versorgung (Munich), August 18. 


Improvements in electric incandescent il- 
lumination have been made by using other 
substances than carbon for the production 
of the luminous body, and by improving 
the existing forms of carbon filament. 
High efficiency lamps can be conveniently 
prepared only for high light units, and 
the low efficiency lamps are not econom- 


ical. The powdering of the carbon, one ef- . 


fect of which is an increased current con- 
sumption, grows as the temperature rises. 
Therefore, the carbon-thread is not equal 
to the requirements of a rational illumina- 
tion, which demands the highest white tem- 
peratures possible for an economic light 
source, because this principle states that 
a flux of light increases by the 5th power 
with the doubling of the temperatures. For 
instance, an electric incandescent lamp, the 
carbon thread of which gives an absolute 
illumination of 30 c.p. at a temperature of 
2,000 degrees, does not give twice that 
amount at 4,000 degrees, but 2 x 2x 2x 2 
xX 2 = 32 times as much, or about I,000 c.p. 

We have already fully described in our 
previous issues the Nernst lamp, the os- 
mium lamp, the mercury lamp, the Hewitt 
lamp, the tantalum lamp, the Wolfram 
lamp, etc., and we shall now give the 
others that are much in use. 


THE UVIOL LAMP. 


Besides the broad and visible radiation 
there is also in all kinds of light a dark 
radiation that is invisible. It is called, if 
of a greater wave length than the visible 
light, ultra-red, or heat radiation, and if 
of a shorter wave length, chemical, actinic, 
or ultra-violet radiation. The discovery 
of the latter rays has been made possible 
by new and perfected apparatus, and their 
importance in physics, as well as in medi- 
cine, is now well established; but in order 
to develop these radiations for more gen- 
eral purposes, it is necessary to make the 
apparatus and its use more accessible, as 
in the Hewitt lamp. 

Since ordinary glass does not let the 
ultra-violet rays pass, but absorbs them, 
it was necessary to seek another medium, 
and molten rock-crystal was first experi- 
mented with. Mercury lamps were thus 
made from quartz-glass by W. C. Heraeus, 
in Hanau, which caused a sensation among 
scientists in 1905. The strong smell of 
ozone surrounding it indicated the wide 


extension of ultra-violet rays produced by 
them, which reacted on the oxygen in the 
air. 

The spectroscopic investigation showed 
that the extension of the wave of this — 
lamp reached as high as 220 u. The ques- 
tion was solved, but the high price of rock- 
crystal and its manufacture obstructed its 
general use for mercury lamps, especially 
for medical purposes. 

Dr. Zschimmer, of Jena, has lately pro- 
duced a peculiar glass compound that al- 
lows abundant ultra-violet light to pass, so 
that he could make improvements on the 
mercury lamp that are liable to satisfy all 
expectations, scientifically as well as prac- 
tically. 

Since the spectrum reaches 253 ~ in the 
new glass compound, which the doctor 
called Uviol (ultra-violet), it is fully suffi- 
cient, especially for medical purposes, be- 
cause there is no need for the short wave 
rays on account of their low power of pen- 
etration (Axmann). The visible part of the 
spectrum reaches only to 579-405 m, then 
comes a long scale of chemically active 
rays, 2/3 of the length of the spectrum. 
The special mercury lamps of Heraeus and 
Schott are therefore highly advantageous 
arrangements to transform electric energy 
into useful light energy of small wave 
length. 

It is expected that photography will 
profit by this source of light on account of 
the innumerable short waves.  Schott’s 
Uviol lamps and the: Heraeus rock-crystal 
lamps are well suited for taking and copy- 
ing pictures in northerly climates with their 
short and dark winter days. 

In chemistry also it is likely to be used 
for causing two substances to combine, 
similar to the known action of sunlight on 
chlorine and hydrogen to form hydro- 
chloric acid. Also, colors may be tested 
as to their genuineness. The bleaching ac- 
tion of sunlight is a slow chemical process 
caused by the ultra-violet rays. In Ger- 
many the dye works have to send south 
to test colors on account of the unfavorable 
climatic conditions, and because there is 
no artificial light—not even the electric arc 
lamp, that gives the same effect as the 
sun. Many tests have been made with the 
Uviol lamp, and they have given good re- 
sults, so that in future the color question 
will require less time. 

These rays of the Uviol lamp have a 
peculiar effect on the smaller insects, as 
it kills them—not by the heat, as was 
shown when an ordinary fly was killed 
within a minute, when brought within 114 
cm. of the lamp; thousands of small dead 
insects could be found under a lamp that 
was hung in an open window on a summer 
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nignt. Also microbes were killed under its 
influence just as with sunlight. 

But the most important and most interest- 
ing application of the ultra-violet light is in 
the treatment of skin diseases. Since Finsen’s 
sensational treatment of lupus, violet light 
is acknowledged as one of the most pow- 
erful cures. It cures this awful disease 
that heretofore could only be cured by 
surgical operations, in a natural way by 
exciting the proper physiological processes 
in the diseased tissues. But the high price 
of an apparatus that produces this light, 
and the difficulty in handling it, hinder its 
general application; this is true especially 
in the concentrated carbon light of Fin- 
sen. Since his results were published at- 
tempts were everywhere made to substitute 
the Finsen apparatus with a smaller and 


‘cheaper one, but until lately without suc- - 


cess. The iron light, rather in short wave 
trays than the carbon arc light, is only su- 
perior in superficial effect, but far inferior 
where a thorough effect, that depends on 
the abundance of the blue, violet, and ultra- 
violet rays, is required (Kromayer). 

Progress in the treatment with light de- 
pends on a simple, cheap and convenient 
light-source, the effect of which is not 
only equal to the Finsen light, but even 
superior to it: the special mercury lamps 
of Heraeus and Schott are light-sources 
of this kind. The advantages of these 
lamps are: 1, Shorter duration of treat- 
ment; 2, treatment of larger areas; 3, treat- 
ment of mucous membranes; 4, no hurry- 
ing; and 5, cheapness on account of small 
current consumption, etc. 


FLUORESCENCE LAMPS. 


The lamp constructed. by Dr. Schott, 
called the Fluorescence Lamp, and lately 
exhibited at the convention of scientists in 
Meran, is simply a kind of Uviol lamp, 
modified in such a way as to suppress and 
avoid a great part of the long wave rays; 
for that reason it gives no bright illumina- 
tion, while the outside and arrangements 
are the same. 

‘All objects in the light of these lamps 
appear indistinct and blurred; though it 
is dark it causes on all kinds of substances 
surrounding it a general fluorescence; as, 
for instance, on rhodamin, fluorescin, and 
uranium glass, causing these substances tu 
shine brighter than the lamp itself. Vas- 
eline, lanoline, soaps, and the human skin 
show a peculiar play of colors. Since in 
the latter case in daylight changes of the 
skin are made visible, we possess in this 
lamp not only a highly valuable means for 
therapeutical and pathological purposes, but 
also for diagnosis. 

This fluorescence of the lamp, which nat- 
urally has an extraordinary value in phys- 
ics, will undoubtedly be used also for treat- 
ment by the so-called sensitizing of light 
by means of fluorescent solutions, which 
are now used to a considerable extent in 


medicine. All these actions are explained 
by the chemical action of the ultra-violet 
rays. 

The late Mr. Hertz, of Bonn, discovered 
chat ultra-violet light is capable of setting 
negative electrodes free, and it may be as- 
sumed, therefore, that mercury lamps also 
cause 10nization; an electroscope brought 
near it showed this effect clearly, which 
reminds us, just as the described fluores- 
cence, of the qualities of radium. 

In working with ultra-violet rays it is 
necessary to protect the eyes by means of 
eyeglasses in order to prevent a violent in- 
flammation. More than fifty years ago it 
was the opinion of the French scholars Reg- 
nault and Foucault that the’ violet and 
ultra-violet rays are injurious to the eye, 
because they excite its fluid to fluores- 
cence, tire the nerves, and change the 
transparent texture. 

Since, then, the mercury light reacts 
strongly upon the visual purple of the eye, 
as the medium of vision has been calied 
by Koenigs, the eye is sooner exhausted by 
this kind of illumination than by the ordi- 
nary sources of light. Hence those kinds 
of illumination are preferable in hygienic 
respects that give a yellowish or reddish 
light, though with regard to intensity the 
opposite is true. 


ORTHOCHROM LAMP. 


Since the peculiar disagreeable color of 
the light of the Hewitt lamp was the great- 
est obstacle to its general use, efforts have 
been made to remedy this defect. This 
objection has been met in the so-called 
Orthochrom Lamp by putting ordinary elee- 
tric incandescent lamps in the circuit, or 
by changing the mercury waves into red 
waves by the fluorescence of rhodamin. 
The latter process means a loss of light 
of 25 per cent., but so far, they have been 
used, on account of their extraordinary ac- 
tinic powers, for photographic purposes 
only. The most valuable property of the 
Hewitt lamp is the possibility, as Hewitt 
pointed out, of transforming alternating 
currents into continuous currents. 

Many experiments have been made to 
substitute other metals for mercury, but 
never with success. The volatilization and 
condensation of the negative electrodes is 
too difficult in the case of other metals; 
nor have any good results been obtained 
by the use of other gases with mercury 
electrodes. 


ZIRCONIUM LAMP. 


Moissan has lately proved that the me- 
tallic oxides, that were thought to be un- 
changeable, may be decomposed by high 
temperatures. Reactions that were incom- 
plete at the temperatures of the ordinary 
furnace were much more complete at the 
temperatures of the electric furnace. Many 
compounds are broken up at these high 
temperatures, and others until recently un- 


Sia - ne 


THE ILLUMINATING ENGINEER. 573 


‘known, are produced in a well established 
and stable form; as carbides, boricides, and 
silicides. 

Attempts to reduce all metallic oxides 
by means of carbon in the electric arc lamp 
resulted in well-defined compounds of car- 
bon with the metal, forming carbides. The 
metallic carbides may be divided in two 
classes: the one is soluble in water, the 
other very stable. To the latter class be- 
longs zirconium carbide, which is now used 
in the manufacture of incandescent lamp 
filaments. 

According to the patents taken out by 
Sander, the business management of which 
for Germany is in the hands of the Zircon 
Incandescent Lamp Works of Dr. Holle- 
freund & Co., in Berlin (for the foreign 
patents a zirconium company has _ been 
formed in Brussels), zirconium incandes- 
cent mantles are made from the hydrogen 
or nitrogen compounds of'the rare earths, 
especially of zirconium, with the aid of an 
organic binding means. To obtain these 
compounds the zirconium earths are re- 
duced by magnesium, according to Wink- 
ler, in a current of hydrogen or nitrogen 
gas (in practice the hydrogen current alone 
is used). In contradiction to the analyti- 
cal results of Winkler and Bayle, we 
should obtain the pure hydrogen com- 
pounds, if we work, according to the pat- 
ents, with a surplus of magnesium metal 
and the addition of heat from an outside 
source. According to Hollefreund the fig- 
ures of the analysis give the formula ZrH,. 
To remove the magnesia and the residual 
magnesium the reduction product is dis- 
solved in a weak solution of hydrochloric 
acid, dried, and then worked to a paste 
by means of a binding menstruum. It is 
best then to heat the thread obtained by 
pressing to about 300 degrees in an at- 
mosphere of hydrogen after it has been 
dried, in order to avoid oxidation. The 
threads possess a very low conductivity, so 
that they have to be submitted to high cur. 
rents in a subsequent treatment afterwards 
in the recipient or they have to be heated. 
In the latter case the ordinary voltage 
makes the thread glow, and it will always 
be a conductor because carbide formation 
has taken place. Then by means of a hy- 
drogen current and gradual increase of 
voltage the thread is caused to shrink. 
As the voltage increases the thread changes 
its structure, becomes hard and metallic 
in appearance, and its electric qualities re- 
semble those of a metal. According to 
Weddings such incandescent lamps burn 
-at 2 watts per candle, and are suitable only 
for low voltages. 

The zirconium carbon lamp was brought 
upon the market by the same company; it 
consisted of ordinary carbon thread hav- 


'.ing on the surface a thin layer of zirconi- 


um metal in place of the graphite coating. 
Lately an improved zirconium lamp is sold 
by Hollefreund & Co. that is supposed to 


burn with 1 watt per candle. The name 
implies that it is a lamp analogous to the 
osmium and tantalum lamp. According to 
the description of the recent patents it is 
a carbide lamp in which the percentage of 
carbon is decreased by suitable additions 
and processes. The carbides of all metals, 
including that of zirconium, have long been 
used for electric incandescent lamps. But 
only by adding other metals of high melt- 
ing points, as, for instance, Wolfram and 
ruthenium, zirconium filaments could be 
made, the melting point of which lies high- 
er than that of the zirconium carbide fila- 
ment. Such lamps burned, according to 
Bojes, with 0.6 watt over 120 hours, and 
at one watt per candle, for 1,000 hours, 
showing in the first 500 hours almost con- 
stant values. The length of the thread is, 
for a thickness of 0.6 mm., about 5 mm. 
for 1 volt. The later zirconium lamps are 
especially suitable for low voltages, but, 
by. connecting several incandescent hla- 
ments in series in one lamp, we may ob- 
tain incandescent lamps for voltages as 
high as 110 and 220. The new zirconium- 
carbide lamp is therefore arranged with 
three filaments for 110 volts. 


IRIDIUM LAMP. 


Along with the improved zirconium lamp 
an iridium lamp made its appearance lately. 
Iridium, like osmium, belong to the plati- 
num group, and was mentioned as early as 
1878 by Edison as applicable to electric 
incandescent lamps. Iridium is extraor- 
dinarily hard and brittle, and non-malle- 
able. It can be rolled to a thickness of 
about 0.8 mm. Gulcher applied it in the 
manufacture of incandescent lamp fila- 
ments, and as nothing is known about it, 
it may be interesting to give here the de- 
scription of the patent. 

“A process of making thin and uniform- 
ly dense incandescent lamp filaments from 
pure iridium, in such a way that threads 
are. made of iridium in a very finely di- 
vided condition, from which tne binding 
means is completely removed by heating 
in the air, and dried in the air in a mod- 
erately high temperature, are then strongly 
heated in the open air until they shrinx 
completely together.” 

Again: “Process for the production of 
thin and uniformly dense incandescent 
lamp filaments made from pure iridium ac- 
cording to the above, in which iridium ore 
is thoroughly mixed with the combining 
means, the thread formed from the stiff 
and plastic mass passed through a current 
of hydrogen, after drying, in order to re- 
duce the oxide still contained in the iridi- 
um ore to metallic iridium, and then to 
heating the thread, consisting only of me- 
tallic iridium and the binding mass, to the 
highest white heat in the open air.” 

The iridium lamp is, like the osmium 
lamp, meant only for low voltages, and 
not to be regarded as a serious “rival of 
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the carbon incandescent lamp, because 
iridium as well as osmium occur rarely in 
nature. 


GRAPHITE FILAMENT LAMP. 


Finally, it may be mentioned that the 
General Electric Company has obtained, by 
a special treatment of the prepared carbon 
thread, a so-called “metalized” carbon fila- 
ment. This process causes such a de- 
crease of resistance of the carbon, even 
changing the negative coefficient of tem- 
perature to a positive one, that thread of 
a metallic character may be obtained from 
it. In chemical respects they look like 
graphite, hence the name; so far only 2% 
watts per candle have been reached. 

Electric incandescent illumination is as 
yet only in its developing stage, one inven- 
tion taking the place of another, as we have 
just’seen. J. Lux, of Vienna; has a-patent 
for the production of thin threads for elec- 
tric incandescent lamps made of metal of 
a high melting point. 


Comparative Economy of the Different 
- Sources of Illumination. 


The great improvements in the produc- 
tion of illumination during the last 30 years 
consist not only in an increase of light 
intensity, but also in a decrease of cost in 
the illuminating material or energy con- 
sumed. 

The public, however, is being misled, and 
is taking too much for granted as to the 
quality of the different kinds of illumina- 
tion in considering the low price of the 
amount of light produced. In comparing 
the different sources of illuminations the 
layman is furnished with tables that have 
been prepared under all sorts of condi- 
tions by well-known men, in which the 
efficiency of the different sources some- 
times refers to spherical and sometimes to 
hemispherical candle power; nor is it men- 
tioned whether the tests have been made 
with or without the use of globes and re- 
-flectors of different constructions. 

A comparison of costs of the different 
sources of illuminations is only possible 
under certain restrictions, since the con- 
ditions and the requirements of the light 
sources to be compared differ greatly. For 
instance, it is not possible to compare off- 
hand the source of light for a small work- 
ing place in a closed room with another 
one that serves to illuminate a large hall; 
furthermore, the color of the light in 
many cases is the determining factor. Be- 
sides, it must be noted that the theoretical 
efficiency does not indicate the price of 
the running expenses of a single source 
of light. Electricity is a form of energy 
that, as the commercial situation is to- day, 
is much more expensive than the same 
amount of energy contained in petroleum 
or in illuminating gas; in a certain sense 
it is a luxurious form of energy. However, 
this is a purely outside matter that is lia- 
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ble to change, and in fact is changing, from 
day to day. 

After the petroleum incandescent light, 
the incandescent gas light is at the present 
time the cheapest; and it has come out 
the victor in the hard competitive fight for 
supremacy between gas and electricity. Gas 
light has by no means been put in the 
background by the electric light, as was 
generally thought it would. Both rivals 
are still hopeful, and it is just this fight 
for supremacy that is causing such rapid 
progress. There is no reason why the 
gas light engineer should lose courage, 
tor the consumption of gas since 1859 has 
increased twenty fold; then, 40 million 
cubic meters were manufactured, while to- 
day more than 800 millions are produced. 

‘Though the petroleum lhght has had to 
yield in many cases to the electric and gas 
light, it is still the source of light used 
by the small consumer, and as long as it 
holds this position it will be of great im- 
portance. 

Next to electric light, the acetylene light 
gives the most beautiful illumination; it is 
cheaper than the electric incandescent 
light, but as yet it cannot compete with 
the petroleum light, or with the incandes- 
cent gas light. 

The electric incandescent lamp has _ be- 
come very popular in spite of the uneco- 
nomic conditions it presents, which may be 
taken as a hint that there is a great de- 
mand for a small electric lamp suitable for 
interior illumination. Gas light engineers 
tried to drive out the larger electric light 
sources by means of compressed gas lamps, 
etc., and the electrical engineers answered 
it by bringing a high efhciency arc lamp 
on the market; and again chemists and 
electrical engineers, and even the inventor 
of the incandescent gas light himself, have 
endeavored for years to produce an elec- 
tric incandescent lamp that is more eco- 
nomical. 

‘The carbon filament incandescent lamp 
could not be driven out by the many dif- 
ferent new incandescent lamps, in spite of 
its high consumption. of current. The 
Nernst lamp, that was so very promising 
because it consumes only half as much 
current, resists high temperatures and is 
easily connected, is too expensive to make 
on account of the rheostat and coil re- 
quired to heat up the glowers, and is not 
durable enough, especially when exposed to 
shocks. 

The osmium incandescent light, which is, 
like the Nernst lamp, still being improved 
upon, also has the disadvantage of a high 
cost of production, besides requiring too 
low a voltage—not more than 47 vy. With 
the usual voltage at the mains these lamps 
have to be placed in series and always 
several together, or especial arrangements © 
have to be made to divide the voltage. 
Though it has been said that the voltage 
has been increased so that two lamps can 
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be burned, this can be accomplished only 
by an increase in the cost of production. 
The current consumed is 1.5 watts per 
candle, or half that of a carbon filament 
lamp, which lasts as long as the osmium 
lamp, if not longer. Compared with the 
Nernst lamp it has the disadvantage of 
having to be placed in a hanging position, 
because the hoop-shaped osmium filament 
softens on becoming incandescent and then 
it bends until it breaks. 

The tantalum lamp consumes about the 
same amount of current as the osmium 
lamp, but, unlike the latter, it can be 
burned on IIO v. circuits, on account of 
its long filament, and it may also be placed 
in any position. 
that the tantalum lamp will be made for 
higher voltages also. The useful life is 
from 400 to 600 hours, with a total life of 
over 1,000 hours. It requires careful pro- 
tection from shocks, and more so after it 
has burned for a while than when new; the 
filament then breaks easily, and though the 
ends solder themselves together on coming 
in contact with each other and the lamp 
continues to burn, the filament becomes 
finally so short that it cannot stand the 
overheating. On the other hand, because 
the specific resistance of tantalum increases 
with increasing temperature, the tantalum 
lamp is not as sensitive to changes in vol- 
tages as the carbon lamp. It gives out 
a white light that always remains the same, 
just as the osmium lamp. Another, though 
less important, advantage is the fact that 
the luminous surface is larger and more 
equally distributed over the lamp than in 
the case where the lamp has only one or 
two loops. 

The intensity of the tantalum lamp 
changes in a much smaller degree with the 
voltage than that of the carbon filament 
lamp, though others claim that the differ- 
“ence is small. Acording to Ambler an 
increase in voltage of 4 per cent. causes 
the light to increase by about 24 per cent. 
in the carbon filament lamp, but only 9 


per cent. in the tantalum lamp; and in_ 


order to cause the same change of intensity 
in both lamps it is necessary to raise the 
voltage twice as high for the tantalum 
lamp as in the carbon filament lamp. For 
every two per cent. increase in voltage the 
light of the carbon lamp is increased by 
II per cent., and that of the tantalum lamp 
only 5 per cent. This is easily explained 
by the positive temperature co-efficient of 
tantalum and by the negative one of the 
carbon. The same increase in voltage 
causes, on account of the increase of re- 
sistance, a smaller increase in temperature 
in the tantalum than in the carbon fila- 
ment lamp. 

The lower cost of production, 25 marks 
(62c.) and the shigher terminal voltage, 
give the tantalum lamp the preference over 
the osmium lamp, and it would have met 


It may even be assumed 


with good success if it had not been for 
the latest zirconium and Wolfram lamps. 

According to the statements of the man- 
ufacturer himself, zirconium lamps burn 
with one watt per candle, and the average 
life is at least 500 hours. For the time 
being they are manufactured for voltages 
as high as 110, the price of the 4o volt 
lamp is 3 marks (about $0.75), that of 75 
volts 314 marks (87c.) and for 120 volts 4 
marks ($1.00). 

Gulcher’s iridium lamp is manufactured 
only for low tensions (to 24 volts); the 
price for a 12-24 volt lamp is 3% marks 
(87c.) ; they burn with I-1.5 watt per can- 
dle. Publications of the results of the 
measurements and experiments as to its 
life are not yet ready. 

The very latest metal filament incandes- 
cent lamp is the Wolfram lamp, which is 
being manufactured by four different firms 
in four different ways. 

The first group of manufacturers are 
using the patents of Just and Hanaman. 
They intend to make a standard type of 
30-40. Hefner candles for 110 volts and 1.1 
watt per candle; they even expect to re- 
duce it to 08 watt per candle. These 
lamps gave in the laboratory of the Munich 
municipal plant from 38.9 to 45.7 HK, 
with an efficiency of about 1.1 watt per 
ik 

The manufacturer of the Kuzel lamps, 
Kremenecky, in Vienna, states the economy 
of the lamps of about 19-32 v. to be about 
I-1.25 watt, with a useful life of 1,000 hours, 
in which the average decrease of light was 
not more than 10-15 per cent. from the 
light intensity in the beginning. It is said 
to burn through very seldom, and in case 
the filament breaks it is soldered again by 
itself and the lamp continues to burn. 

According to a government test in Vien- 
na, 32-30 v. Kuzel lamps have burned with 
an average economy of 1.06-1.12 watt per 
HK. Their life was 1,000 to 1,490 hours, 
respectively, while the decrease in light 
at the end was 1.6 per cent. to 4.5 per cent., 
respectively, from the original tension. Ac- 
cording to the tests made by the Austrian 
Purchase Association the 55 v. lamp had 
Ziel ke andent swatt perm £LK.in the be- 
ginning of the test, and after 917 hours 
28.6 HK and 1.185 watt per HK, which 
is equal to a decrease of light of 7.6 per 
cent. within 917 hours. I also hear that 
these lamps are going to be put on the 
market for 110 v. The cost of production 
will be relatively small and the new lamp 
will be out next season. 

The current consumed by a 3-ampere 
Hewitt lamp is 0.33-0.15 watt per candle; 
this is about the best result obtained by 
flaming arc lamps. With reference to the 
constancy of illumination and the steadiness 
of burning the mercury vapor light has 
not yet been surpassed, especially since 
considerable changes in voltage have no 
effect. But the principal advantage of the 
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mercury lamp consists in the fact that it 
needs no adjustment and no attention, and 
that the illumination remains constant, ac- 
cording to the tests made so far. If the 
Hewitt lamp is well treated it has an ex- 
cellent life. Lamps that are still in a good 
condition have lasted 7,000 hours and more. 
The price of a mercury vapor lamp, in- 
clusive of all that belongs to it, 75 cm. long 
for 500-600 standard candle light, is, in 
America, $30.00; and Heraeus’ quartz lamp, 
that consists of a very expensive quartz 
glass which allows the ultraviolet rays to 
pass, costs, with switch connections, $75.00. 
Schott’s uviol lamp 25 cm. long with sup- 
port is about $31.00. The fact that the 
bluish-green color with its disagreeable 
effect prevents the general use of the mer- 
cury lamp, as has already been mentioned. 

The Wolfram lamps, also called osmium 
lamps, that are manufactured in Vienna by 
the osmium concern, have also been tested 
in the laboratory of the Munich municipal 
plant, “and they gave at 110° vi'54.7-55.6 
HK and 1.026-1.047 watt per HK. 

The technologic museum in Vienna 
found 6 osmium lamps to have an efficiency 
of 1.03 watt per HK, and after 1,776 hours 
of burning 1.09 watt per HK. The company 
intends to manufacture osmium lamps 
of 40, 50 and Go HK: for to5-and 110: v; 

The life of the osram lamp of the Ger- 
man Incandescent Gas Light Co. is given 
by the manufacturer to be 1,000 hours on 
the average, and no decrease of light in- 
tensity is said to take place. According to 
a test of the government laboratory 32 c.p. 
lamps still showed an increase of intensity 
of light of about 2 per cent. after they had 
burned 500 hours, while the 25 c.p. lamps 
had not lost 1 per cent. The specific effi- 
ciencyof the °32) cp. lanips “was 1.12.-watt 
per HK, and 1.08 watt per HK for the 25 
c.p. lamps. 

The Auer company intends to produce 
also osram lamps for 220 v. and 40-50 HK 
with an efficiency of 1.2 watt per HK, as 
well as lamps of 50-200 HK and 1 watt 
per HK. The life of these lamps is said 
to be 1,000 hours on the average, with ab- 
solute constancy of light. The osram lamp 
can be used for continuous as well as al- 
ternate current, and costs about 4 marks 
($1.00). 

Whether the new Wolfram lamps are go- 
ing to satisfy all expectations can only be 
said after it has undergone a thorough test 
in practice. It is best to wait for develop- 
ments of all the new kinds of metallic 
filament lamps as they areas yetonly in a 
state of laboratory development or in a 
condition of preparation for production. It 
is, therefore, surprising to frequently see 
reports in the daily press about metallic 
filament lamps, according to which we are 
going to have lamps with a specific effi- 
ciency of 0.5 watt per HK. Every expert 
knows that a I watt lamp means an im- 
mense progress, and it seems better to 


give the Wolfram lamps a chance before 
urging our inventors on to new efforts. 
In order to prevent a standstill in electro- 
technics on account of too rapid a develop- 
ment it is best to go at a moderate pace. 

The necessity of using the new lamps in 
a vertical position downwards, which, by 
the way, is the one favored by the hori- 
zontal illumination, might be called a weak- 
ness when compared to the carbon fila- 
ment lamp, but, has not lately the inverted 
light conquered new fields for incan- 
descent gas lighting, fields that were 
thought to be reserved for the electric in- 
candescent light? 

As already remarked, several inventors 
are producing Wolfram lamps, but it must 
be understood that, in those countries that 
test a patent as to its originality, as in 
Germany and Austria, with the exception 
of the first application of Just and Hana- 
man, not one of the many applicants suc- 
ceeded. Hence it cannot yet be said which 
of the different processes is going to be 
protected by an effective patent, nor is it 
possible to say which process will put out 
lamps that are the best for practical pur- 
poses. 

-Now, it is interesting to ask: Which one 
of the lamps will drive out the others and 
remain alone on the field as the victor? Is 
it electricity, illuminating gas, petroleum, 
acetylene, or alcohol? Brilliancy is ar- 
raigned against low price, and convenient 
application against the inconvenient and 
restricted. It is safe to say that for the 
time being no one will have the field alone, 
because it is too large to be satisfied by 
any one, and if a few new kinds should 
be called into existence, they too could live. 

Whether we are ever going to have an 
electric incandescent lamp of ™% watt per 
HK efficiency is a question that cannot 
yet be answered; but such a lamp would 
certainly mean a great progress in elec- 
tricity, the influence of which on the de- 
velopment of illumination cannot be esti- 
mated. Until now, illumination by elec- 
tricity is still a luxury; then the electric 
incandescent light, if using only 1% watt 
per HK, would become as. cheap as the 
incandescent gas light, provided the price 
at present charged for electric energy 
(about 40-50 pfennigs per KW.-hour), re- 
mains the same. If such a lamp should 
become popular, the demand for electric 
energy would, of course, be greater, which 
is equivalent to saying that the price will 
be lower; and furthermore, it will affect 
the development of electric plants, com- 
pared with which their present state might 
be called a modest beginning only. 





THE OSRAM LAMP 


Electrotechmische Zeitschrift (Berlin), 
Aug. 9. 
The Osram lamp, made by the German 
Incandescent Gas Light Co. (Auer Gesell- 
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schaft), Berlin, was first brought before 
the public in May, 1906, on the occasion of 
the meeting of the society of the German 
electrical engineers at Stuttgart, and at 
the general convention of the Association 
of Electrical Manufacturers in Lindau. It 
aroused widespread interest, but details 
could not be given at the time, because 
the patent had not yet been granted, and a 
report of the Osram lamp without details 
appeared as having no value. 

The Osram lamp (see Fig. 1) has been 
made on a large scale ever since this spring, 
at first for 32 and 50 candles and for I00 
to 130 volts. The efficiency of the lamp is 
about 1 watt per Hefner candle. Its aver- 
age life, according to tests made by the 
Reichsanstalt (government testing labora- 
tory), and from the results of actual use, 
is about 1,000 hours, during which there is 
scarcely any diminution of light. 

The Osram lamps put on the market at 
the present time have to be burned in a 
































vertical position, but it may be confidently 
expected that they will be made so as to 
burn in any position, as has already been 
shown by the installation of a few hun- 
dred lamps exhibited at the meeting of 
the Society of German Electrical Engineers 
in Stuttgart; the Osram lamps were placed 
there in all kinds of positions. 

The average watts consumed during the 
whole life of the lamp does not undergo 
any considerable change, as may be seer 
from the diagram. To test the length of 
life the Reichsanstalt picked out from a 
large number eight samples of about 25 
c.p., and a like number of about 32 c.p. It 
was prescribed to test them with an alter- 
nating current from the mains of the mu- 
nicipal plant of Charlottenburg, so that they 


might be exposed, just as in practice, to all 
kinds of changes of voltage. The test of 
the 25 c.p. lamps was made to establish the 
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capacity and quality of the producing proc- 
ess, since it is much more difficult to 
produce lamps of low light intensity and 
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high efficiency for the higher voltages. 
While, for instance, lamps of 16 cp. at 
about 7o volts may be produced without 
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difficulty for I watt per Hefner, still giving 
an excellent light constancy and life, it 
is very difficult to make them for IIo volts 
and above for the same watts and the 
same intensity. The same is true for car- 
bon filament lamps; they are made of good 
quality, for instance, for 16 ‘cp. 110@Vv., 
while 16 c.p. lamps for 220 v. are not as 
good. 

The test showed that the average de- 
crease of light intensity of the 25 c.p. lamps 
during the first 1,000 hours was 6.3 per 
cent., and of the 32 c.p. lamps 3.6 per cent. 
The maximum and minimum decrease for 
the 25 c.p. lamps was 11.4 and 4.2 per cent., 
respectively, 1m othe case of Pthemces cp. 
lamps, 6.1 and 0.6 per cent., respectively. 

Figure I represents the change of il- 
lumination of the two kinds of lamps. The 
mean decrease of light calculated from the 
start is, for the 25 cp. lamps, after-1,000 
hours, about 6.3 per cent., and for the 32 
c.p. lamps, after 1,000 hours, 3.6 per cent. 

In Fig. 2 the two lines show the change 
in the efficiency with reference to the Hef- 
ner candle. 

The line in Fig. 3 shows the influence 
of the lamps burned out before 1,000 hours 
had passed on the average useful life. It 
may be seen from this line that though a 
few lamps burn out sooner, this has no in- 
fluence on the average useful life on ac- 
count of the durability of the others. 

The test report of the Reichsanstalt 
shows that of the 16 tested lamps II were 
perfectly uninjured after they had burned 
1,000 hours; it appears, therefore, that the 
average life is more than 1,000 hours. 

The practical tests have shown that it 
is immaterial for the length of life of an 
Osram lamp whether it is run on an alter- 
nating current or continuous current; but 
to prevent the idea that the length of life 
of an Osram lamp might not be as favor- 
able on an alternating current as on a con- 
tinuous current, the Reichsanstalt tested the 
lamps onan ‘alternating current, from 
which we may see that the Osram lamp is 
very suitable for alternating currents. 

It may yet be pointed out that by intro- 
ducing one watt lamps for higher voltages 
the distribution of electrical illumination, 
similar to gas illumination with the Wels- 
bach mantle, has been considerably advanc- 
ed; for the saving by means of the Osram 
lamps as compared with the carbon filament 
lamps that are generally used is 70 to 75 
per cent., according as lamps of IIo or 220 
Vv, are compared. 

To give an illustration, it may be men- 
tioned that with the price of the current at 
50 pfennigs (1214 cents) per kilowatt hour, 
and an average length of life of the carbon 
filament lamps of 500 hours, and of the 
Osram lamp of 1,000 hours, a 50 c.p. Os- 
ram lamp does not cost any more than a 
16 cp. carbon filament lamp; and that 
under the same conditions a 32 c.p. Osram 
lamp against a 16 c.p. carbon filament lamp, 
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although giving 100 per cent. more light, 
still saves 1-3 of the expenses in 1,000 hours 
of burning. In this calculation the ex- 
penses for the substitution of the Osram 
lamps are taken as 4 times as high as in 
the case of the carbon filament lamps. 

The Osram lamp will be delivered regu- 
larly after September, 1906, while the 
larger interests are receiving them now, in 
order that they may be thoroughly inves- 
tigated. The price for the Osram lamp 
will be finally settled in September; until 
then it will be sold for 4 marks (the price 
of the Auer-Os lamp). 

As was shown by the installation of a 
larger number of high voltage lamps on 
the day of the convention, the Osram lamps 
may also be made for higher voltages and 
intensities than 130 v. Good and durable 
lamps have been successfully made for 220 
v. and 4o to 200 c.p. that have, by a con- 
sumption of energy of about 1.25 and I 
watt, respectively, in lamps above 75 HK, 
the same average length of life and light 
constancy as the 110 v. lamps. Further, 
lamps of 200 c.p. may be made for voltages 
of 110 to 130, and such lamps will be 
ready this fall. The reason for not begin- 
ning to deliver the 220 v. lamps is, though 
the Osram lamp is made on a large scale 
already, because the demand for the IIo v. 
lamps that are easily produced could not 
be met, if at the same time the 220 v. 
lamps, that require a longer time for pro- 
duction, would have to be manufactured. 
Not until the Osram lamp.is manufactured 
in its new building will they be produced in 
such a way that making of high voltage 
lamps may be taken up. 





THE FRINGE OF PHOTOMETRY 


By. H. Leicester GRevitir.<te.G, 1 Gs. 


Journal of Gas Lighting (London), August 
21, “TO00. 


The “Fringe of Photometry” may seem 
a somewhat curious title to “point a moral 
or adorn a tale.” Nevertheless, it may be 
possible on consideration to see that the 
estimation of the real available illuminating 
power of gas is but feebly defined by even 
the most scientific methods of official test- 
ing. There can be no finality as long as, 
ignoring modern developments, the photo- 
metrical value of gas is to be defined by 
methods of developing light on the basis 
of the limited combustion of so-called lu- 
minous hydrocarbons. Ever since the in- 
troduction of the development of light by 
incandescence, the older system, founded 
on luminous hydrocarbons, should have 
taken, using colloquial language, “a back 
seat.” Why this has not been duly recog- 
nized is no doubt the fault of the natural 
conservative instincts which prevail in this 
country, and which, however useful in the 
way of politics, must always be regarded 
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as disastrous to the progress of science. 

If we refer to the history of the intro- 
duction of gas as an illuminant, we find 
that the discovery that by the treatment of 
coal in a certain way it was possible to 
convey a means of furnishing light through 
Pipes at a long distance was a distinct rev- 
elation. The only competitor was the can- 
dle of the commonest description; even 
paraffin lamps were in those days an un- 
known quantity. A source of light which 
could be brought from a distance free of 
carriage, was so distinctly new that it is 
little to be wondered at that at this early 
period a simple jet of flame which replaced 
the light of the average candle should not 
have been welcomed. The question of the 
possibilities of cooking by the use of coal 
gas were in those days probably never 
thought of. From the initial stage of the 
introduction of gas up to the present time 
there has been a development unprecedent- 
ed in any known industry; but the trena 
of the progress of gas manufacture. has 
made it more and more exigent that cer- 
tain conditions should be laid down be- 
tween the producer and the consumer. For 
the purpose of the present article, it is 
simply proposed to consider the matter of 
illuminating power. 

We have had two most valuable papers 
recently read on the question of the de- 
velopment of light from gas—viz., those 
by Mr. Charles Carpenter* and Mr. W. 
R. Herring.+ The Carpenter burner solved 
the vexed problem of dealing with all qual- 
ities of gas with the use of only one burn- 
er. This was necessary from the mainte- 
nance of the old regulation of fixing the 
gas consumption to a 5-feet rate. Pos- 
sibly, however, this was better than the 
alternative of prescribing different burners 
for varying qualities of gas. The absurd- 
ity of the whole thing is this—viz., the pre- 
scription of the burner to be used for 
testing by Act of Parliament, that it should 
be available for use by the consumer. I 
do not sympathize with Mr. Carr in his 
remarks on Mr. Carpenter’s paper; but 
there is no doubt that no scientifically con- 
structed test burner of a high grade would 
or could ever be used by the general pub- 
lic, if they had any brains. 

On this ‘point of the question, Mr. Her- 
ring’s paper affords most valuable evi- 
dence. His communication is of a scien- 
tific character, and is published in a scien- 
tific journal. Unfortunately, the informa- 
tion does not therefore reach the ear of 
the general public who represent the aver- 
age gas consumer. It is to be regretted 
that the man of science cannot as a rule 
write so clearly as to place scientific prog- 
ress within the knowledge of the common- 
alty, and that the average journalist, con- 
spicuous in literary acquirements, is so 


*“Yournal,’ Vol. XCIV., p. 886. 
jseer-dnte, p. 316: 
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misleading in his facts when he intrudes 
on the borderland of science. 

Reverting to the question of gas, What 
is the value of this at the present day to 
the consumer? A pure question of price 
in proportion to value received. What 
does this depend upon? Two questions— 
the maximum light he can obtain, apart 
from any test burner, and the heat he can 
obtain. for cooking purposes. How are 
these measured now for the protection of 
the consumer? The value of his gas for 
cooking depends on its capacity for devel- 
oping heat. On this point there is no par- 
liamentary definition. On the question of 
light, when an average consumer can buy 
a burner of the incandescent type for about 
Sd “to 1s.¢ why. should he: go" to: the ex- 
pense of a scientifically constructed test 
burner at a much higher price, and with 
the disadvantage of the constant breakage 
of chimneys? What the efficiency of the 
Carpenter burner is, I have no knowledge. 
We can, however, take Mr. Herring’s 
paper as to the value of the incandescent 
burner. I refer to Table “C.” The in- 
candescent burner gives a value of about 
31 candles per cubic foot of gas. The 
equivalent value of the most modern test 
burner would not probably exceed 4 can- 
dles at the very outside. Further comment 
is superfluous. Another point is shown by 
Mr. Herring, and one which I recognize 
as most valuable—that in spite of consid- 
erable variations in the candle-power of 
gas as determined by the No. 1 argand, the 
light afforded by a good incandescent man- 
tle per cubic foot, with a proper regulation 
of gas and air supply, is practically con- 
stant. Tested in this way, the light devel- 
opment does not seem to be altogether a 
function even of heat. 

The average gas consumer should as 
soon as possible be made to understand 
that it is within his power to get a 3I-can- 
dle light from a single foot of gas. He or 
she wants to be shown that in gas there is 
available a source of both heat and light 
which can be obtained at a cheaper rate 
than even any municipal supply of elec- 
tricity. A house may be wired for the sup- 
ply of electricity; but there is no official 
guarantee that the charge for current shall 
afford any equivalent to the consumer ever 
in the matter of light. On the simple do- 
mestic detail of boiling a kettle of water 
or cooking a rasher of bacon, electricity is 
hopelessly at a discount as compared with 
gas. Official bodies who are ever eaget 
to place the most stringent conditions on 
gas companies, withdraw the local police- 
man where electricity rules supreme, and 
extract money with a bland smile from 
the pocket of the unfortunate ratepayer to 
make up for deficiencies in unsuccessful 
electrical undertakings. . 

Enough as to this. As the consumer can 
now obtain (say) upwards of 150 candles 
from the combustion of his 5 feet of gas, 
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which is officially recorded as some 13 to 
16: candles, the pertinent question arises as 
to what is the true illuminating power of 
any particular gas. Are we not, in ad- 
hering to the older methods of testing, 
simply hovering round the fringe of the 
matter? Again, even with Mr. Herring’s 
lengthy experiments, finality has not been 
reached. It is recognized, rightly, that, 
even with the incandescent mantle, there 
are questions. which have not as yet been 
thoroughly threshed out. The best devel- 
opment of light is presumably the relation 
of the mantle to the gas, taking into con- 
sideration a properly adjusted air supply; 
but we have as yet to know the relations 
of luminous and calorific values, flame tem- 
peratures, and flame volumes, which con- 
duce to the highest possible results. We 
know that the use of a mantle enables us 
to obtain a brilliant light from an other- 
wise non-luminous gas. We know, too, 
that the calorific intensity of the flame is 
one of its most important functions; also 
that the shape and volume of the flame 
should be so adapted to the mantle as to 
bring all portions of the latter to maxi- 
mum incandescence. 

With the full recognition of the possi- 
bilities of gas lighting by incandescence, 
we shall slowly but surely drift into the 
supply of gas of lower (official) illuminat- 
ing power, with mutual advantage to both 
consumer and producer. I read in the 
last number of the Journal Mr. R. Bruce 
Anderson’s able presidential address be- 
fore the Irish Association of Gas Man- 
agers, in which he states that he is mak- 
ing some experiments in the direction of 
the supply of low-grade gas. I quite en- 
dorse his general views on the subject. He 
puts the matter tersely when he says: “The 
guiding bargains struck between consum- 
ers and companies were made long before 
the days of incandescent lighting, and sub- 
sequent ones have merely followed, on ste- 
reotvped lines, as fresh Acts or Orders 
nave been passed.” I shall be glad to hear 
of the result of his experiments on what 
he facetiously terms “stretched gas.” The 
subject is of great interest. As a final al- 
lusion to the papers of Mr. Herring and 
Mr. Carpenter, I am glad to find a grace- 
ful recognition in both cases of the ser- 
vices rendered them by their respective 
scientific experts. 





INDIRECT ILLUMINATION OF 
SCHOOLS 
Electrotechnik und Maschinenbau. 


Experiments were recently made in Mu- 
nich to determine the cost and relative ad- 
vantages of indirect illumination for school 
and draughting rooms. The arc lamp was 
found to give the best results, but intensi- 
fying gas burners more economical. This 
method of lighting has been strongly rec- 
ommended to the school authorities. 


SUGGESTIONS FOR A UNIFORM 
SYSTEM OF ESTIMATING 
STREET ILLUMINATION 
AND METHODS FOR 
ITS CALCULATION 


By L. Biocu, Berlin. 
From the Electrotechnische Zeitschrift 
(Berlin) May: 24° 1000: 
I. THE ESTIMATION OF A STREET ILLUMI- 
NATION. 


We are accustomed in engineering in gen- 
eral, and especially in electrical engineering, 
to measure all work done in exact figures. 
In street illumination alone we depart from 
this, and are satisfied to say simply that the 
street is well, fairly or badly illuminated. 
The reason for this may be that no definite 
understanding has as yet been reached as to 
a scale by which street illumination is to 
be expertly judged. All kinds of proposals 
in this respect have been made for years. 
As early as eleven years ago, Prof. A. Blon- 
del gave five points to be considered in esti- 
mating street illumination in his treatise, 
“Public Lighting by Arc Lamps.” 

This question of street illumination has 
recently received a great deal of attention, 
especially in English reviews, and it proves 
most annoying to have no method of uni- 
formly judging it. The judging of street 
illumination by uniform methods is at pres- 
ent all the more urgently required, especially 
as new varieties of illumination are being 
steadily introduced. 

The first question to be discussed is, in 
what manner we can best judge the quality 
of street illumination. Not only should 
this be done by using the smallest number 
of quantities, but they should also enable 
us to first make our calculations, and then 
the measurements, in the simplest way pos- 
sible. 

I. HORIZONTAL OR VERTICAL INTENSITY. 

The figures in question must refer either 
to the horizontal intensity, 7. ¢., the bright- 
ness on a horizontal plane in lux (meter- 
candles), or the vertical light intensity, 7. e., 
the brightness on a vertical plane in lux. 
If we regard it as the main purpose of 
street illumination to enable us to recog- 
nize objects on the ground, or to read a 
letter or a map of the city, etc, then the 
horizontal intensity is to be considered; if, 
however, we wish to be able to distinguish, 
for instance, the faces of approaching peo- 
ple, the vertical intensity is to be taken in- 
to consideration. Both points of view are 
of equal weight; hence other reasons must 
decide it. But the horizontal intensity has 
the decided advantage because it gives in 
all places on the ground only one single 
value; while vertical intensity may have 
several entirely different values for the 
same place, according to the direction in 
which the vertical plane faces. The face 
of a person may be very brightly illuminated 
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1f it is turned towards the next lantern; 
but if that person should turn his back 
towards the lantern: his’ face might no 
longer be distinguishable, although he still 
remains in the same place, since the other 
lanterns are comparatively far away from 
him. Hence the vertical intensity is not 
suitable for judging street illumination, as 
it gives no single value; it is better to ne- 
‘glect it, since when the horizontal intensity 
is sufficiently great, there is also sufficient 
illumination with respect to vertical inten- 
‘sity. The claim that electric illumination 
gets the better of the bargain if-we judge 
‘by horizontal intensity, and that it is bet- 
ter for gas illumination if the vertical in- 
tensity 1s preferred, is not true. 

If for this reason the acceptance of the 
horizontal intensity is to be advocated, the 
new question arises, whether the horizontal 
intensity at the level of the street, or at 
dace height,.%. °2., 1.5. m..-(5 feet) above 
ground, is to serve for judging the illumina- 
tion. While the first is to be taken into 
consideration for distinguishing objects on 
‘the ground, the latter is correct for reading, 
etc. But since it is almost always difficult 
‘to measure the intensity on the ground, and 
simpler to do so at a height of 1.5 m., it is, 
in my opinion, the best to consider the 
‘horizontal intensity 1.5 m. above ground as 
‘the right one for estimating street illumina- 
‘tion, 


2. MEAN HORIZONTAL INTENSITY. 


The brightness of any kind of street illu- 
mination is unequally distributed over the 
‘street surface, the horizontal intensity vary- 
ing between a minimum and maximum in 
‘the different places on the surface of the 
-street. Neither the maximum nor the min- 
imum value gives the right idea of the 
-quality of the street illumination. If we 
‘should accept the highest value we could 
place the lamps very low in order to ob- 
‘tain high maximum values, while the other 
values might still be insufficient. On the 
-other hand, the minimum value of street il- 
‘lumination that is otherwise good might be 
‘greatly lessened on account of the shadows 

--caused by trees, etc.; besides, the minimum 
~values of most street illuminations are so 
small that they cannot come near a com- 
“parison and cannot even be measured with 
most photometers in use. The correct 
standard for judging street illumination is 
-the mean horizontal light intensity Em. 
Strictly speaking, this value is 


Se : _ @ 
Em =t {Ed F=*> 


“in which E£ is the horizontal light intensity 
‘in the separate places of the street surface 
1.5 m. above ground, and F is the whole 
-street surface to be considered. The inte- 
-gral value corresponds with the whole flux 
eof light that reaches the plane F. Em 
-will approach 
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where f is the area of a small plane and £ 
the horizontal light intensity in the center 
of it. If all these small planes are made of 
equal size and if their area is taken as a 
unit, and if besides the whole plane F is 
divided in zg such units, then is 
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This integrating or summation of a larger 
number of separate planes may probably at 
first not agree with the application of the 
mean horizontal intensity; but it can be 
done quickly and still sufficiently accurate 
1f the number of the separate planes taken 
is not too high, or it may be altogether re- 
placed by suitable methods of approxima- 
tion, as is intended to be shown below. 

3. UNIFORMITY OF ILLUMINATION, 

While the mean horizontal intensity af- 
fords a standard for the real intensity of 
street illumination, we can also obtain a 
measure tor uniformity if we find the ratio 
of the maximum and minimum values to 
the mean horizontal intensity. The nearer 
this ratio comes to unity the more evenly 
distributed is the illumination. It is espe- 
cially.important that the proportion of the 
minimum to the mean horizontal intensity 
should not be too small, as otherwise the 
illumination will always show “dark spots.” 
The proportion of the maximum to the 
mean horizontal intensity, however, does 
not have to approach unity so closely. 
There are conditions even where it is de- 
sirable to have some places especially well 
illuminated, though for the rest the illumi- 
nation might not be sufficient; one is at 
least able to read or to distinguish things 
plainly in such places. 

Accordingly, street illumination is to be 
judged in the first place by the mean hori- 
zontal intensity, and also by the uniformity 
of the illumination. The thing next in 
importance in all street illumination is, of 
course, the steadiness of the light, and its 
color; and finally, the efficiency, 7. e., the 
ratio of the expense to the illumination at- 
tained, which may be measured exactly in 
figures by the aid of the value of the mean 
horizontal intensity, is of special impor- 
tance. 


Il. Tue CALCULATION OF STREET ILLUMI- 
NATION. 


I. THEORETICAL BASIS. 


It must be possible to find the mean hori- 
zontal intensity, which is of fundamental 
importance for judging street illumination, 
quickly and in a simple way for all actual 
cases. How this may be done will now 
be shown, first in a special case, and then 
in general for actual cases. 
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FIG. I. 


Imagine a lamp suspended over the cen- 
ter of a circular plane of a radius of a, 
meters, at a height of h meters above the 
measuring plane, 7. e., 1.5 meters from the 
ground. The lamp has a light distribution 
as shown in figure, right hand side. If we 
wish to determine the c.p. intensity J for 
and point P in the measuring plane, at a 
distance a from the foot of the lamp post, 
from the curve of distribution, we have to 
lay off from O the curve of light distribu- 
tion the height h = O H, and perpendicular 
to it H P =a; the cp. intensity J may then 
be read off from the curve of distribution 
on the hypotenuse O P. The horizontal 
intensity E for point P may now be found 
from the equation 


-__ fs COS @ 

Sa rere 
in which 

Qa Ad OEP 
and 
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Since the value of a and h are given, and 


h 
cos 2 = —, 
Pe 
it is best to calculate E from a and h alone; 
thus 
a /) 
V at aa h* 


Having found E for a number of as- 
sumed for h. For Fig. 2, h was taken as 
of horizontal intensity (Fig. 2), which, 
however, is only good for the value as- 
sumed for h. For Fig. 2, h was taken -as 
8.5 meters, equivalent to a height of suspen- 
sion of the lamp of Io meters above the 
ground. If we now want to find the mean 
horizontal intensity for a circular plane of 
a diameter, we have to divide this plane 
into a number of concentric circles and 
calculate the area of each one of them; as 
for example, for the segment of the circle 


that lies between an and an + 1 in Fig. 2, 
thus, f = 7 (a*_ + 1— ay). 

This area is to be multiplied by the mean 
light intensity of the circular segment, and 
the sum of all the separate products is to be 
found. Then, by dividing this sum by the 
total area mai", we have the mean horizon- 
tal intensity. 

As has been shown by J. Zeidler in his 
book entitled “The Electric Arc Lamp,’ we 
can obtain the mean horizontal intensity 
for any arrangement of lamps, and for any 
plane in street of square, in the manner 
just described; and the work may be still 
further simplified by the use of unit curves. 
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Prof. A. Blondel also shows by examples 
how to calculate the mean horizontal inten- 
sity on a plane of any shape whatever; for 
that purpose he uses in place of the. light 
intensity that portion of the flux of light 
that is distributed over the separate circu- 


‘lar segments for the calculation of the total 


flux of light that reaches the street surface, 
and then derives the mean horizontal in- 
tensity according to the definition given 
above, by dividing by the total area of street 
surface. 

In spite of the simplifications already in- 
troduced, it appeared to me that the meth- 
ods thus far given were still too compli- 
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cated for practical calculations of the mean 
horizontal intensity; and this induced me 
to search for a still simpler process, which 
I will describe—first for circular planes, 
and then its general application to any 
plane. 

2. SIMPLIFIED METHOD FOR CALCULATING THE 
MEAN HORIZONTAL INTENSITY ON CIRCU- 
LAR PLANES. 

According to the definition given above 
for the mean horizontal intensity 
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In this expression we may substitute (see 

Fig. 1) 
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The integral value for Em contained in 
this formula coincides with the well known 
expression for the mean hemispherical in- 
tensity (Jo) if we put instead of the upper 


limit of the integration a, the value — 
2 


Hence the value of the integral may be ob- 
tained in the same way as the mean hemi- 
spherical intensity. 

16 
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The proceeding is as follows: To find the 
integral value for the curve of light distri- 
bution, as shown in Fig. 1, we draw a 
quadrant from the point O with a radius 
O.K=1. (For actual cases it is best to choose 
O K =1dm). We-can then obtain on the 
vertical axis O K the cos. a for every angle 
a, if we project the point of intersection R 
of the hypotenuse O P with the circle, to S$ 
upon the vertical axis O K. Then 

ODSe=— COS: a; 
Siice Oe e—— 71. 

If we divide O K into 10 equal parts 

each of them is 

PECCOS i) "0,1. 
.For the angles a that correspond to the 
center of each separate part, the light inten- 
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sities that belong to them have been taken 
from the curve of light distribution. By 
multiplying these values with 

ASCcOSaa Ju ==a031- 


foe keos<a): 
for each of the ten parts, and these values 
have been entered in Fig. 1 with the parts 
to which they belong. We get from the ad- 
dition of the separate values from bottom 
to top 


we get 


a A (Cosia ): 
These values also are entered in numbers 
on the right hand side of Fig. 1 and on the 
left side at the end of the corresponding 
segments as ordinates above O K as the 
axis of absissas. By connecting the points 
of the ordinates we obtain a curve, which 
we will call hereafter the curve of light 
flux, because every value of the curve is 
proportional to the flux of light within the 
area of the angle corresponding to it. 
Then the quantity 
(ON 


Boor {J dcosa 
0 


represents the flux of light within the area 
of the angle O to a. 

The curve of flux is the same is the inte- 
gration of the so-called Rousseau diagram. 
Consequently the ordinates of the curve of 
light flux must give the mean hemispherical 
intensity of the curve of distribution be- 
longing to it. 

The curve of flux having been found in 
the manner described, we lay off, in order 
to obtain Em for a circular plane of radius 
ai, perpendicular to 

tf 
the value. 
a — O Py 
from this we obtain the angle to be con- 


sidered 
a = <J H O Py. 
If now the point of intersection R: of the 
hypotenuse O P:, with the segment of the 
circle drawn, with the curve of light flux, 
we get in, the same way the value sought 
a 


Tesh Tn dcoko 
0 


and if 
Baar an’, 
then the required mean intensity is 
2m V, 
Em == 





1 

The process here described has the ad- 
vantage that we have to find only once a 
curve of flux from the curve of distribution, 
and then the value ¥Y. may always be 
taken from the same curve for all lamp 
heights # and radius a, from which we 
can easily find the mean horizontal inten- 
sity. -Also, if we use lamps of other in- 
tensities, but of the same kind of distribu- 
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tion, we may still use the same curve of 
flux and all we have to do is to find, from 
the value taken from it, values in propor- 
tion to the light intensities used. It is a 
good idea to make normal curves of flux 
and of distribution for a certain round 
number of candles for the kind of lamps 
that are frequently used. For instance, the 
curve drawn in Fig. I represents the nor- 
mal curve of flux and distribution for an 
ordinary arc lamp with a globe of opal 
glass, of 1,000 candles mean horizontal in- 
tensity. 

If we do not have to find the mean hori- 
zontal intensity, as has been assumed so far, 
that is, if it is given, as well as the area 
of the circular plane Fi, that is to be illu- 
minated, we can obtain for it, according to 
the above deduction 


I 
y= DD iy 
2 7 


From the radius a of the plane Fi and 
the given or assumed height of the lamp h 
we get, as above, the area about the angle 
a, that is to be illuminated; and from the 
normal curve of light flux the value of ¥ 
that belongs to it of a mean hemispherical 
intensity of 1,000 candles. From the pro- 


portion of the calculated value ¥ to the 


value ¥ already found for 1,000 candles, we 
get the intensity required for the lamp 
to be employed. 

In the formula for the mean horizontal 
intensity 


JeSd €0s a 


the height 4 of the lamp does not occur, it 
is true, but is contained in it indirectly. 
Namely, if we have to illuminate a circu- 
lar plane F that always remains the same 
the area about angle a: constantly decreases 
as the height of the lamp increases. Since 
the flux of light decreases also in every 
case with the decreasing area about the 
angle, we can see that the mean horizontal 
intensity must also decrease in every case 
as the height of the lamp increases, entire- 
ly independent of the kind of distribution 
of the lamp to be used. But by increasing 
the height of the lamp the uniformity of 
the illumination is improved, and accord- 
ingly its requirements are also sufficient to 
determine the height of the lamp. 


.3. CALCULATING THE MEAN HORIZONTAL 
INTENSITY FOR: ANY “AREA (OF STREED 
OR SQUARE. 


The case here fully discussed of a single 
lamp in the center of a circular plane that 
serves to illustrate the simplified process 
does not ever occur in practice. In reality 
we have to do with a larger number of 
lamps that have to illuminate all sorts of 
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planes, of streets as well as of squares. To 
find the distribution of the illumination and 
to calculate the mean horizontal intensity 
we can divide the plane that is to be 
illuminated into a number of equal squares 
or right triangles, and calculate for the 
center of each the intensity there. For 
that purpose we have to find the distance 
of the center of each square from lamps 
that are still to be considered for the 
illumination of these points, and then take 
from the curve of intensity (Fig. 2) the 
intensity that belongs to the separate dis- 
tances. By adding the values of the single 
lamps we obtain the intensity for the cen- 
ter of each square. If we add all the inten- 
sities thus found and divide the sum by the 
total number of the squares we obtain the 
mean horizontal intensity. This rather 
complicated process may be simplified, since, 
on account of the existing symmetry, we 
have to take into consideration only a 
small part of the whole area to be illumi- 
nated. For example, there are four usual 
arrangements of lamps on _ streets and 
squares, those parts being divided into 
squares for which the calculation of the 
intensity is to take place. In the other 
parts of the area of street or square the 
distribution of the illumination found re- 
peats itself again and again symmetrically 
or periodically. It is best to make the 
number of single squares or triangles about 
IO Or 20, in order to obtain on the one 
hand sufficient exactness, and on the other 
hand work that does not require too much 
time. 

It is best to use this method when the 
mean horizontal intensity is to be found 
from the results of measurements of exist- 
ing street illuminations. 

If, however, in projecting a street illumi- 
nation, the mean horizontal intensity is to 
be first calculated for different cases, then 
even this method is too complicated. We 
can get to the point much quicker by 
another method which may be applied, as 
we shall now show, to any kind of lamp 
arrangement whatever. For that purpose 
we introduce in the calculation as F,; the 
area of the street that is illuminated by one 
lamp, and assume this plane to be a circle 
in whose center the lamp is placed and 
that it is illuminated by this lamp alone. 

These suppositions introduce two sources 
of errors into the calculation: the area of 
the street that corresponds to the lamp is 
generally of the shape of a right triangle; 
by transforming such a right triangle into 
a circle of the same area the parts that lie 
within the circle, or places of less by places 
of greater intensity. On account of this 
error we should get too high a value for 
the mean. light intensity. On the other 
hand, the illumination that comes from 
the neighboring lamps is not taken into 
consideration, which gives rise to an error 
that has the effect of making the calculated 
mean intensity come out too small. These 
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two errors are more or less counterbalanc- 
ed, and there remains generally only a 
slight error. 

In case of street illumination the remain- 
ing error depends chiefly on the ratio of 
the distance of the lamps to the width of 
the street; and it may in all cases be limited 
at the most to 5% if we multiply the mean 
horizontal intensity found by a correcting 
value k. This correcting value has been 
found from a rather large number of ex- 
amples for different distributions and dif- 
ferent lamp arrangements. If h is the ratio 
of the distance of the lamps to the width 
of the street, 


Bee Oe A 


The distance of the lamps is always to 
be measured in the direction of the street, 
also, in a transposed arrangement of the 
lamps, on both sides of the street. 

If F, represents the area of the street 
illuminated by a given lamp, then the mean 
horizontal intensity for all actual cases of 
street illumination is to be calculated thus: 


Zor ey 


YH Mem 1 Me 





FP; 


The application of the approximation 
method we will now illustrate by an ex- 
ample: A street 18 meters wide is to be 
illuminated .by arc lamps that are sus- 
pended above the middle of the street at a 
distance of 48 meters, and Io meters above 
the street surface, which is 8.5 meters above 
the measuring plane. Let the light distri- 
bution and the light intensity of the lamps 
scorrespond /fo-the, curves. in’ Bie. 1. “The 
area of the street F illuminated by a given 
lamp is then 48 * 18 = 864 cubic meters. 
This area is equal to the circle of 16.6 me- 
HememaCiis wiOr 7-3 6,5 and. di. ==. 16,6; 
we get in Fig. 1 the angle ai:- and its 
value ¥: = 675 candles in the manner as 
described above. We get from the dis- 
tance of the lamps and the width of the 
street 


43 
asp Waly 
18 
and 
Be 1,2 — 0,t-. 2,7. = 0,93. 
Then— 
27.675 
fim = 0,93 .————— = 4,55. 
864 


By exact calculations by means of di- 
viding the street surface to be considered 
into 18 small right triangles Em = 4.40 
was obtained. Hence the simple approxi- 
mation method almost coincides in this 
case with the exact method, the difference 
being only 3.5%. 

Also in the calculations of the illumina- 


& 


tions of squares the value for Em as ob- 
tained ' by the proposed method brought 
nearer to the true value by the correcting 
value k. For / is then substituted the ra- 
tio of the mean distance of the neighboring 
lamps to the greatest length of the square. 
The errors are then, in most cases, also 
only 5% at the most, and only in exception- 
al cases as high as 10%, as has been proved 
by several examples. Therefore, the ap- 
proximation method here given may be 
used in general for the calculation of the 
mean horizontal intensity of streets and 
squares with any kind of lamp arrangement, 
as well in the case the c. p. and the ar- 
rangement of the lamps are already given 
and a mean horizontal intensity to be cal- 
culated afterwards, as when the required 
intensity. and the arrangement of the 
lamps are given and the necessary c. p. of 
the lamps is to be found. For the latter 
case the procedure is as above. If, how- 
ever, besides the intensity, the c. p. of the 
lamps to be used has already been deter- 
mined, and it is required to find the 
necessary distance and number of lamps, it 
is best to proceed in the indirect way, by 
figuring backwards from a certain assumed 
distance, whether the required mean inten- 
sity has been obtained by the stated c. p. 
and light distribution of the lamps. On 
account of the simplicity of the procedure 
several repetitions of such a trial calcula- 
tion requires only a short time. It is to 
be kept in mind that this process is an 
approximation process in which the agegre- 
gate errors for all actual cases do not 
amount to more than 5%. Since, however, 
we cannot be very particular with regard 
to the c. p. of such street lamps, we can 
neither be strict with regard to the inten- 
sity, and the application of an approxima- 
tion method for its calculation is therefore 
fully justified. 


A. ILLUMINATING SYSTEMS CONSISTING OF 
SEVERAL LAMPS. 


If several lamps are suspended from one 
post or combined in one lantern, they can 
be treated in the calculations for the inten- 
sity as a single light-source. Though the 
manner of the light distribution is some- 
times changed by the combination of sev- 
eral lamps, it may still be accepted substan- 
tially in most cases as the same as that of 
the single lamp. But a certain amount 
must be deducted from the sum of the 
candle powers of the single lamps, since 
they obstruct each other’s light, and hence 
do not act with their full power. In the 
literature of gas illumination the amount 
to be subtracted is given as 12% for two 
burners, and 17% for three burners, in one 
lantern. Similar amounts will also have 
to be subtracted from electric are and in- 
candescent lamps. If several incandescent 
lamps are combined in one lantern in dif- 
ferent positions, with the application of a 
reflector, then, of course, not only does the 
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c. p. change, but also the light distribution, 
which is then to be taken up separately for 
calculations of illumination. 


5. CALCULATING THE UNIFORMITY OF IL- 
LU MINATION. 


If there are certain requirements to be 
fulfilled by the uniformity of illumination 
it is necessary to find, besides the mean, 
also the highest and the lowest horizontal 
intensity. The highest value of the inten- 
sity is to be taken from the illumination 
curve (Fig. 2), that must be drawn for 
the height of the lamp in question. Only 
where the distances of the lamps are very 
small are the intensities of the neighbor- 
ing lamps to be considered from the calcu- 
lations of the highest value. 

The point in the street that is to be 
taken into consideration for minimum value 
of intensity must be the one at the greatest 
distance from the neighboring lamps, and 
it may easily be found; from the distances 
of the point from the neighboring lamps we 
can find the minimum intensity by means of 
the illumination curve (Fig. 2). If the 
requirements for uniformity of illumination 
(ratio of the highest and the lowest values 
to the mean horizontal intensity) are not 
satisfied, we either have to increase the 
height of suspension of the lamps, or, in 
case the mean intensity is then no longer 
sufficient, to decrease the distance between 
the lamps. 


6. ECONOMY OF ILLUMINATION. 


The economy of street illumination may 
be represented by the efficiency, or gas 
consumed, for each lux of mean horizontal 
intensity, and for each square meter (or 
probably better practically 100 square me- 
ters) street surface, just as the economy of 
a light source is represented by the effi- 
ciency, or gas consumed, for one candle. 
By means of the efficiency thus calculated 
we can easily compare the running expenses 
of different kinds of street illuminations. 
Further, if we have found the cost for a 
number of street illuminations, we have 
a convenient way to quickly find the ag- 
gregate cost for a newly planned street 
illumination if the area to be illuminated 
> and the required mean horizontal intensity 
are given. 

CONCLUSION. 


It is the purpose of this article to show 
above all that street illumination may be 
judged in a more general, hence simpler, 
way; and. it would be very desirable to 
reach some kind of an agreement through 
a discussion opened by these propositions. 
It was further intended to show how to 
make it possible in the simplest way to 
make the calculations of street illumina- 
tion thus estimated. Though the consumer 
will have to depend on the calculations of 
the engineer rather than on his own opin- 
ions, it is, in my judgment, of advantage 
to both parties. 


_ this name the word “meter” 
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AUXILIARY APPARATUS FOR DE- 
TERMINING MEAN SPHERIC- 
AL AND HEMISPHERICAL 
CANDLE POWER 


By Dr.-Inc. BertHotp MonascuH. 


Electrotechnische Zeitschrift, Berlin, July 
19, 1900. 


Auxiliary apparatus by means of which 
we can find the mean spherical intensity 
by a single photometric measurement was 
first described by Blondel. He called such 
an apparatus a “Lumenmeter,’ and de- 
scribed three different constructions in 
1895 in an extended treatise. In these three 
cases the source of light was placed in the 
center of an opaque globe that allowed the 
light to pass through one or more open- 
ings; the light was thrown upon a screen 
after one or several reflections, and was 
then photometered as an original light- 
source. The disadvantage of Blondel’s 
“Lumenmeters” is, besides its high price, 
its restricted application; it can only be 
used for light-sources that are axially sym- 
metrical if the spherical intensity is to be 
determined by a single measurement. 

Matthew’s “integrating photometer” can 
also be used only for axially symmetrical 
light-sources, and for those axially asym- 
metric ones that may be put into rapid ro- 
tation, as, for instance, filament incandes- 
cent lamps. 

In the year 1900 Ulbricht (“rtz,” 1900, 
page 595) described an apparatus that con- 
sisted of a hollow globe having a diffuse 
reflecting surface on the interior and an 
opalescent glass window in its surface 
which was photometered* as an original 
light-source. Ulbricht’s apparatus is pref- 
erable on account of its low price, which, 
for the same radius, is about one-fourth 
that of Blondel’s “Lumenmeter.” Numer- 
ous photometric laboratories are using it 
under the name of “globe photometer.” 

The name “globe photometer” does not 
seem to be well chosen. By “photometer” 
we understand in general an arrangement 
through which the eye compares the flux 
of light that radiates from a standard with 
that from the source to be investigated. 
But the indirectly illuminated opalescent 
glass window in the Ulbricht globe is a 
secondary light source which has to be 
photometered by another photometer. Be- 
cause the appellation “Lumen” expresses 
the meaning of light flux, Blondel calls this 
class of apparatus “Lumenmeters.” But in 
gives us the 
idea that the apparatus itself represents the 
measuring arrangement, which is not al- 
ways true; and if the apparatus carries the 
measuring arrangement itself, it consists 
again of a known photometer. These de- 
vices are then only auxiliary apparatus. 
The Ulbricht apparatus will therefore be 
called in the following discussion “the Ul- 
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bricht globe,” and considered as belonging 
to the class of integrators. Ulbricht gave 
a supplement to the theory and application 
of his globe in a second treatise. 

Integrators are usually understood to 
mean auxiliary apparatus for ascertaining 
the mean spherical intensity. Although the 
mean spherical intensity alone is sufficient 
in constructing different kinds of light- 
sources, so far as the transforming of elec- 
tric energy into light is concerned, it is of 
little value to the illuminating engineer, 
since he has to produce, in the case of 
street lighting, an illumination in a given 
plane, and the mean spherical intensity is 
the mere statement of a light flux (c.p.), the 
spherical distribution of which he does not 
know. The misunderstanding of the mean- 
ing of spherical intensity has also led to 
the erroneous idea that if the mean spher- 
ical intensity of an arc lamp is 4oo HK, 
for instance, the mean spherical light in- 
tensity of two such lamps (that are usual- 
ly placed at a distance of 30 to’ 50 meters 
from each other) is 2 x 400 = 800 HK— 
a mistake that may frequently be noted in 
the comparisons of the efficiencies of lamps 
connected two or three in series. 

The mean spherical flux of light isin the 
case of many light-sources, not equivalent 
to the flux that is really utilized. For the il- 
lumination of closed rooms, in which it is 
most frequently required to have not only 
a good floor illumination, but also an illu- 
mination of the walls and sometimes also 
of the ceiling, the mean spherical flux coin- 
cides very often with the ultilized flux. 
However, the application of arc lamps for 
inside illumination is restricted, partly on 
account of a demand for light-sources of 
lower intensities, and partly on account of 
the competition of incandescent lamps, 
Nernst lamps, osmium lamps and tantalum 
lamps. 

The principal field of the arc lamp is 
outside illumination; for instance, street 
illumination, illumination of public squares, 
and outside illumination of show windows. 
In this kind of illumination only that flux 
is utilized that radiates into the lower 
hemisphere. Though the whole globe of 
an arc lamp for street illumination is in 
most cases brightly illuminated, and at- 
tracts the eye from afar, the lower hemi- 
spherical flux only can be utilized for a 
street illumination. The upper hemispher- 
ical fluxof light is lost for real street: il- 
lumination. But since it is less the purpose 
of arc lamps for street illumination to 
dazzle the eye of the passer-by, and to il- 
luminate free of charge the rooms of peo- 
ple on the upper floors of buildings than to 
give the strongest and most equally dis- 
tributed illumination possible on the area 
underneath the lamps, or objects in that 
area, the utilized flux of lamps for street il- 
lumination coincides with the mean Jower 
hemispherical flux. It has therefore be- 
come the rule in illuminating engineering 


to state the mean hemispherical intensity 
tor arc lamps tor outside illumination, if 
the statement of the spherical intensity has 
not been especially required. Only to give 
the highest light intensity,as has been done 
as recently as 1905 by a foreign carbon 
firm, evidently for dishonest purposes, is 
abusive. 

Although the mean hemispherical inten- 
sities are not of much value to the illumi- 
nating engineer for the predetermination 
of illumination without a knowledge of the 
curve of distribution, the locating of which 
requires much time and care, it may still 
be of value in some cases, especially if it 
can be found quickly by a single measure- 
ment. 

It was, therefore, of great importance 
that Bloch (‘“‘Etz,” 1905, page 1047) proved 
that it is possible with the Ulbricht globe 
to measure also the hemispherical intensity 
if tie point of light is brought within the 
surtace of the globe itself. 


According to the theoretic deductions of 
Ulbricht and Bloch, it is possible to use 
the Ulbricht globe also for ascertaining the 
mean spherical intensity of light-sources 
that are axially asymmetric. 


As is well known, we distinguish in the 
illuminating technic light-sources of regu- 
lar and of irregular shapes. Regular 
shaped light-sources are those in which the 
luminous point sends the same light inten- 
sity in all directions; its photometric form 
is a globe. Such regular shaped light- 
sources may for practical purposes be sub- 
stituted with slight difference of effect by 
carbon filament incandescent lamps, if the 
filament is arranged suitably, and if pro- 
vided with a good diffusing globe. 


The irregular shaped light-sources are 
divided into axially symmetric and axially 
asymmetric sources. Those light-sources 
are axially symmetric that produce a dif- 
ferent intensity at every point of the me- 
ridian circle drawn through a vertical axis 
from the point of light as a center, while 
all points on circles perpendicular to the 
axis receive equal illumination. In the 
case of the axially asymmetric light-sources 
every point on a circle perpendicular to 
the axis is differently illuminated. To the 
axially symmetric light-sources belong 
some incandescent lamps, according to the 
arrangement of the filament, and arc lamps 
in which the carbons are placed one above 
the other, the axes of which fall in a 
straight line. Axially asymmetric light- 
sources are some incandescent lamps, and 
arc lamps in which the electrodes are side 
by side. 

It is now to be investigated whether, by 
the diffusing process in the globes, a single 
measurement in any place on the surface 
of the globe is sufficient to determine the 
mean spherical or hemispherical intensity 
of light-sources that are strongly axially 
asymmetric. Though Ulbricht has made 
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an axially asymmetric light-source by 
screening off an incandescent lamp on one 
side, this case does not exactly correspond 
to those that are most met with in prac- 
tice. Bloch investigated in his Ulbricht 
globe of I meter diameter a continuous 
current lamp of high efficiency of strong 
axial asymmetry, but he has given the dif- 
ference in the adjustment of the photome- 
ter for the extreme fluxes of ght only in 
scale form, from which it is impossible to 
see how large the real change of the mean 
spherical intensity was, since the value of 
the light intensity was not given in the 
scale. Since the committee on photometry 
of the Society of German Electric Engi- 
neers and the Association of Electric Man- 
ufacturers are going to recommend (which 
has since been done) the Ulbricht globe for 
measurements of the intensities of arc 
lamps, it seems necessary that further ex- 
planations on this point be made public. 
To determine whether the axial asymmetry 
of light-sources in the globes is done away 
with at the measuring window, the illu- 
mination by indirect light at different 
places on the meridian of the globe is meas- 
ured, and then the light-source turned so 
that the same meridian is illuminated from 
another side of the light-source. If the 
illumination is the same in all the separate 
points of a meridian by indirect light, then 
the globe may be conscientiously recom- 
mended for determining the mean spher- 
ical or hemispherical intensity of axially 
asymmetric light-sources by a single meas- 
urement, provided we are as careful there 
as in using integrators. Before taking up 
measurements, we will discuss briefly the 
construction of the globes. . 


CONSTRUCTION OF THE GLOBES. 


Globes of glass may be made with diam- 
eters as large as 70 centimeters; but since 
it is desirable in the photometry of arc 
lamps fitted with globes to use globes of 
larger diameters, it is necessary to make 
them of another substance, such as metal. 
The Ulbricht globe, which Ulbricht him- 
self described, had a diameter of 0.5 meter, 
the Ulbricht globe that Bloch described, a 
diameter of I meter; later Corsepius has 
also described another form of construc~- 
tion (see. ILL. -ENG., page ye. Both 
consisted of sheet iron, and each was com- 
posed of two hemispheres that could be 
taken apart for cleaning the inside surface. 
The metal hemispheres are made by press- 
ing by hand. If we wish to make globes 
of larger diameter than I meter we can- 
not form the globe of hemispheres that 
have been thus pressed by hand, since the 
production of the pressing material be- 
comes expensive for a hemisphere of 1.5 
meter diameter, and such a globe of sheet 
iron of I.5 meter diameter would have to 
be stiffened for mechanical reasons. It is 
best, therefore, to build globes of larger 
diameters than 1.5 meters from a frame 





of rings covered with sheet iron. The 
globe shown in Fig. 1 was built in this 
manner and has a diameter of two meters. 
It carries two openings for observations, 
placed on two meridian circles perpendicu- 
lar to each other that diverge with a Io- 
degree angle at the center. While observa- 
tions are made through one opening the 
other openings may be closed by shutters. 
The upper half of the globe may be put 
on, and rolled away from the under half. 
From the upper part of the globe an open- 
ing having a diameter of 50 cm. may be 
provided, and covered with a lid. 

It is especially difficult to choose the ma- 
terial with which to coat the inner surface 
of the globe. It must give a perfectly dif- 
fuse reflection, and adhere firmly to the 
support. Prof. Dr. W. Wedding recom- 
mended the use of barium sulphate and 
water for a binding means; it is also suit- 
able for glass globes with rough inner 
surface. “But: 1 1t--is “attempted: to “coat 
smooth surfaces with barium sulphate and 
water it is possible to get a homogeneous 
coating, but on touching it with foreign 
bodies, as with the hands of the observer, 
the color comes off, which causes a change 
in the constant of the apparatus. The 
barium sulphate, as well as most other 
dead white substances, such as zinc oxide, 
magnesium oxide, etc., curdles when mixed 
with most organic liquids, and cannot be 
used at all for coating. By using water 
glass as an adhesive it is possible to obtain 
a firmly adhering coating, but, after a cer- 
tain time, it peels off, especially when sev- 
eral such coatings are put on and when 
exposed to the heat of arc lamps. Ulbricht 
used chalk with water glass, but on one 
made according to his directions this peel- 
ing off of small areas of the diffuse re- 
flecting layer could be noticed after it had 
been used for some time. 

The author found finally after much ex- 
perimenting that “zapon’” lacquer is the 
suitable adhesive for barium sulphate. The 
viscous mixture of barium sulphate and 
lacquer sticks as well on metal as on glass, 
is perfectly matt, and becomes, if the bari- 
um sulphate is carefully ground, almost as 
fine as powder. If the metal surface that 
is to be coated is very smooth it is recom- 
mended to first put on a coating of boiled 
linseed oil with copal varnish. A surface 
particle on which light is thrown must, if 
the surface gives a perfectly diffused re- 
flection, appear as an original light source, 
and the light intensity that radiates in a 
certain direction from a surface particle 
as a secondary light source must be, accord- 
ing to Lambrecht’s law, in direct proportion 
to the cosine of the angle of radiation. 

In order to test the coating in the globes 
several surfaces of sheet iron were coated 
with different coatings and then illuminated 
through a slit with a pencil of light that 
fell perpendicularly upon the surface, using 
a Nernst lamp as primary light source; the 
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light intensities radiating in the different 
directions as from luminous surfaces were 
then measured. In Fig. 2 two cases are 
represented. The left part of the figure 
gives the relation of the light radiation 
from the illuminating area to the angle of 
radiation, obtained with a homogeneous 
coating of zapon lacquer and barium sul- 
phate, in a plane perpendicular to the lu- 
minous area, and shows that the diffuse 
reflection follows Lambert’s law with suffi- 
cient accuracy if the ray lies in the per- 
pendicular plane. The right part of the 
figure shows the behavior of a surface coat- 
ed with the same mixture, but in which 
there were crystals of about 14 mm. diam- 
eter; it may be seen that such an uneven- 
ness may cause considerable irregularities 
in the diffuse reflection. 

Since a globe of large diameter is very 
expensive, hard to manipulate and occupies 
much space, the question arose whether a 
hemisphere could not be used for measur- 
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ing the mean spherical or hemispherical 
intensity. 

If the surface of the light-source to be 
investigated is brought into the center of 
the largest circle of an open hemisphere, 
the plane of the equator of which is hori- 
zontal, then the lower hemispherical flux 
of light is sent into the hemisphere. Each 
point of the inside area of the globe that 
is coated with a diffuse reflecting coating 
sends, according to Lambert’s law, light in 
all directions. Let the light radiation of 
the points PKA on the surface of the hem- 
isphere along the circle of the meridian 
PAB be represented by a small circle in 
Fig. 3. It may be seen from this that, 
besides the direct light that comes from the 
light source L, there is also indirect light 
sent from each point on the surface of 
the globe to all other points on that sur- 
face; and it is now easy to prove that only 
the illumination caused by indirect light, as 
for instance of the point P, is in direct 
proportion to the mean hemispherical inten- 
sity. Since the mathematic proof compared 


with Bloch’s deductions (“‘Etz,” 1905, p. 
1047), gives no new characteristics, with 
the exception of the differences in the in- 
tegration limits, it need not be repeated 
here. But it may also be observed that 
a part of the light flux issuing from the 
surfaces of the particles are sent directly 
into the open and is lost for the illumina- 
tion of the surface of the hemisphere. For 
instance, from point A the light flux within 
the angle PAB reaches the open after the 
first reflection, and from the point B that 
within the angle PKB. The loss to the il- 
lumination of the surface of the hemisphere 
by the opening is shown by a change of the 
constant of the hemisphere as compared 
with the constant of the whole globe with 
the same coating. 

If we understand by the constant of the 
apparatus that value with which the ob- 
served illumination of the window is to 
be multiplied in order to obtain the mean 
hemispherical intensity, then the open hem- 
isphere will give an increased constant. 

In the treatise of 1905 and 1906 (“Etz,” 
1906, p. 50) Ulbricht recommended for 
the measurement of the hemispherical inten- 
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sities globes from whih the lids have been 
lifted; the point of light is to be adjusted 
in the center of the circle formed by the 
opening. If we make the diameter of open- 
ing equal to the diameter of the globe, the 
open hemisphere is then a special case 
of the Ulbricht globe without the opening. 

The hemisphere is preferable on account 
of its simple construction and its easier 
manipulation. If the light-source is let 
down into the hemisphere to a depth such - 
that the whole flux of light from the source 
reaches its surface we can then measure 
the mean spherical intensity also in the 
hemisphere. 

However, for practical purposes it is not 
recommended to use the hemisphere, be- 
cause reflections caused by the light issu- 
ing from the hemisphere against armatures, 
walls, or from a ceiling of black photo- 
metering room even, may easily exist, and 
have an effect on the surface of the hem- 
isphere, thus making the measurements in- 
accurate. 


(To be continued.) 
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The Commercial Engineering of Illumination 


NEW LAMPS AND NEW OPPOR- 
TUNITIES 


By Francis W. WILLcox. 


Read before the Ohio Electric Light Asso- 
ciation at Its Twelfth Annual Conven- 
tion, Held at Put-in-Bay, Ohio, 
August 21, 22. and 23, 1906. 


The present period marks a most impor- 


tant development for the electrical industry. 
The limitations of the ordinary carbon 
filament incandescent lamp have been re- 
moved through Dr. Whitney’s discovery of 
metallizing or graphitizing carbon. This 
has given a practical lamp of 2% watts per 
candle without any loss of life over the 
present 3.1 w.p.c. lamps and the promise of 
still greater gains. 

The discovery and utilization of certain 
new metallic substances for filaments gives 
a practical lamp of 2 watts per candle in 
the Tantalum lamp, and possibly still higher 
efficiencies in other lamps under develop- 
ment. 

The GEM or metallized filament and the 
Tantalum lamp are now both on the market 
at prices far below their value to con- 
sumers, and stand ready to give the aid 
central stations have long required and 
desired from higher efficiency incandescent 
lamps. 

So then, gentlemen, we have before us 
an opportunity not a theory—a very press- 
ing, practical and important opportunity, 
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which is the immediate adoption of these 
higher efficiency lamps and their introduc- 
tion into service to replace present incan- 
descent lamps (now obsolete) as rapidly as 
it is possible to obtain them. 

This movement should not be deterred 
by the possibilities of still higher efficiency 
lamps to come, for the incandescent lamp 
is a*renewal device of low cost and must 
be replaced by one of its own kind or 


something better. Exchanges can, there- 
fore, readily be made to improved types 
without any sacrifice such as would be in- 
volved in the case of apparatus like Nernst 
jamps and arc lamps. On the contrary, the 
immediate adoption of the present improv- 
ed lamps is a necessary step to enable cen- 
tral stations to more readily pass on to 
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“THE CHANGE TO HIGHER EFFICIENCY LAMPS 
IS LIKE A COLD PLUNGE—MOST BENEFICIAL 
IN ITS REACTION.” 


whatever better lamps there are to come, 
and thus gradually adjust their conditions 
and income to the new improvements, step 
by step, instead of by one large jump. 

Neither should the movement be deterred 
by the fear that higher efficiency lamps may 
cause an immediate reduction of income. 
Act as promptly as a company may, they 
will hardly be able to introduce the new 
lamps fast enough to cause any 1mmedtate 
material reduction of income, and the im- 
provement in business resulting from the 
adoption of the new lamps will offset any 
tendency towards income reduction. 

The change from the present to the new 
lamps can be compared to a cold plunge. 
It involves some decision and vigorous 
action, but the beneficial re-action and re- 
sults amply repay the effort. An instructive 
parallel is also found in the fact that a 
full dive insures quicker results and 
greater benefit than a slow dip. 

Let no central station attempt half way 
measures or lose the prestige of having 
first introduced and supplied the new lamps 
to their consumers. The central station 
must be an eager and willing leader in such 
matters and not a constrained or hesitating 
follower. It should be the first to promote 
its consumer’s interests and not allow this 
to be done by the supply dealer. The new 
lamps cannot be shelved—the consuming 
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public will have them sooner or later, and 
with how much better effect and greater 
advantage it is for the central station com- 
pany to supply them promptly, directly, and 
liberally, to their consumers. Of course, 
the change to higher efficiency lamps in- 
volves added costs and perhaps some tem- 
porary loss of income, but the change 





THE ULTIMATE RESULT OF USING HIGHER 
EFFICIENCY LAMPS. 


should nevertheless be definitely and de- 
cisively made. It is necesary to break eggs 
to make an omelet—no improvement is ever 
made without involving some sacrifices. 
Besides, it is not the immediate but the 
ultimate result that counts. 

Now there should be no question as to 
the ultimate result if we can judge by ex- 
perience. The introduction of higher efh- 
ciency lamps is the equivalent of a reduc- 
tion in rates and the same effects should 
follow from each. 

What does experience show results from 
reduction in rates intelligently made? Does 
it not show material growth of business 
and greater net earnings? This, at least, 
is the result that is stated to the writer. 
Electric service appears of recent years to 
have received its greatest impetus as a re- 
sult cf the adoption of low rates (made 
under new, profitable rate systems). An 
eastern manager in business for many years 
with an aggregation of lighting companies, 
told the writer that experience had demon- 
strated to him that more money could be 
made at reasonably low rates than at higher 
rates, and that the policy of keeping up 
rates which his companies had advocated 
and followed for many years, would be 
entirely reversed if they had to do it over 
again. 

Let us look at the effect in a similar in- 
stance in the gas business. When. the 
Welsbach mantle was first introduced, the 
gas companies were sore distressed and 
feared an extensive reduction of income. 
One of the largest gas combinations bought 
up the rights to the Welsbach lamp for this 
country, not because it wanted to introduce 
the improvement, but, on the contrary, that 
it might control and limit its use and there- 
by prevent any damage to the gas business. 


Most gas companies refused to have any- 
thing to do with the Welsbach lamps, and 
the improvement was frowned upon and 
discouraged. How different the result has 
been we all know, for this lamp, that the 
gas companies rejected, has become the 
corner stone of the gas business—has re- 
established the industry and materially 
augmented income and earnings. 

And similar results are bound to follow 
the adoption and introduction of higher 
efficiency lamps. Only let us learn from 


- the gas companies’ experience not to repeat 


their mistake of opposing the new lamps, 
but, on the contrary, to hasten their intro- 
duction and use in every way possible. 


POLICY AND METHOD FOR INTRODUCING 
THE NEW LAMPS. 


Before proceeding further, it will be de- 
sirable to describe the method of rating 
adopted for and values given by the new 
lamps. 

The new GEM filament lamp has been 
standardized at 50 watts, thus giving the 
improvement in the form of an increase in 
candle power of 25%, or from 16 to 20 
c. p., instead of a reduced wattage to 4o 
watts per lamp. The price of the lamp has 
been increased in the same proportion so 
that the renewal cost per candle hour per 
Kw. hour has not been changed. The fol- 
lowing is an illustration of a sample of 
the new label: 


50 
WATT 


fey 
10 
08 


SAMPLE OF NEW STYLE LABEL FOR THE 
GEM Lamp. 


It will be observed that total watts is 
nere substituted for the candle power rat- 
ing heretofore shown on labels. This does 
not mean that candle power ratings or 
values will be abandoned; such a course is 





FREE AND LIBERAL RENEWALS FOR THE NEW 
LAMPS IN DISPLACEMENT OF THE OLD. 
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not desirable nor possible even if desirable. 
Candle power values will continue to be 
used and referred to, but when given will 
be fully defined. As a lamp is capable of 
beitig rated in candle power in several ways, 
horizontally, spherically, downward values 
from varied forms of reflectors, etc. the 
omission of any candle power rating from 
label seemed desirable to avoid confusion. 

After all, as electric metering is generally 
done on the Kw. hour basis, the practical 
unit is really watts per lamp instead of 
candle power. The plan has, besides, many 
advantages: 

It allows even watt ratings per lamp, 
suchas 50, 30,.-20,. etc, -anstead ‘of > the 





THE CENTRAL, STATION MAN RAISES HIS 
STANDARD OF PERFORMANCE. 


fractional ratings now existing on many 
sizes. 

It insures a more uniform appearance 
and a more uniform performance of indi- 
vidual lamps by reason of the even degree 
of incandescence or efficiency at which a 
filament so rated will burn. 

It <permits central station to gradually 
advance their standard of efficiency from 
time to time to meet changing conditions. 

Attention is called to the voltage mark- 
ings arranged in a vertical column in steps 
of two volts apart. These voltages are 
known as the “top,” “asniddle’ “and <“bot- 


tom,” or 1st, “2nd, and “3srdsyokages. (Va 
Vand. Va. 

As is well known any one lamp will vary 
in its candle-power and watt rating with 
increase and decrease of voltage. The 
arrangement shown therefore permits three 
ratings for the lamp as shown in the table 
given below. 

From the data given in the foregoing 
table each lighting company can determine 
what course it should adopt. 

Central stations now using 3.1 w.p.c. 
lamps would naturally adopt the new lamps 
at full efficiency (top voltage) and thus 
keep their watt consumption per lamp un- 
changed. While the total cost of lamp 
renewals would be increased somewhat on 
this basis, the added charge is a small one 
to pay for the ability to give consumers 
25% more light for the same revenue. 

Central stations now using 3.5 w.p.c. 
iamps could opportunely adopt the new 
lamp in the middle or 2nd voltage. This 
would share the improvement with the con- 
sumer, giving 12% more light with 15% 
less wattage. The total cost of lamp re- 
newals which are very low for the present 
3.5 w.p.c. lamps—only about 1I-3c. per Kw. 
hour, would be only slightly increased, and 
there is hardly a lighting company that 
could not profitably afford to make the 
change to at least this intermediate eff- 
ciency of the new lamps. Its useful life, 
750 hours (with average life materially 
ionger), is commercially sufficient as it is 
equal to that formerly given. by 3.5 w.pre. 
lamps). The: lite “oh3.5 avep:c:e lamps AS. at 
present too long for the most economic ser- 
vice and could with advantage be shortened 
to correspond with that given by the new 
GEM lamp in middle voltage. 


SUGGESTIONS AS TO RENEWALS. 


If anyone doubts whether free lamp re- 
newals is desirable, or if it is a well estab- 
lished practice, let him consult the 1906 
National Electric Light Assn. Question 
Box on this point (pages 250 to 260). The 
answers to a number of questions on lamp 
supply and renewal policy, show over- 
whelming testimony in favor of free and 
liberal renewals. Indeed, practice goes 
much further in many instances and fur- 
nishes not only free lamps, but is now giv- 
ing free signs to burn them in, and experi- 
ence shows that this pays handsomely. 

With the advent of the new GEM lamp, 
the importance of central station direction 
and control of the lamps used is greater 
than ever. Full and complete control is 





TABLE OF VALUES OF GEM 50-Watr Lamps AT IST, 2ND, AND 3RD VOLTAGES. 


Voltave of Circuit. 


Same as’ “op. cortst Voltace “CV1)... 
Same as “Middle” or 2d Voltage (V2). 
Same as “Bottom” or 3d Voltage (V3). 


Mean Hori- Watts Average 

Total zontal Candle*> “Per Useful 
Watts. Power. Candle. Life. 
50. 20. Die 450. 
47.5 18. 2.65 640. 
45. 16. 2.8 O40. 
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only obtained with free renewals, and the 
adoption of a free renewal policy (where 
not now in vogue) could therefore most 
opportunely be made with the introduction 
of the new GEM lamp. In any event, it is 
specially important that the new lamp 





THE TANTALUM LAMP (% SIZE). 


should be favored with equally as liberal a 
policy as the present lamps. 

Companies now giving free renewals of 
the present lamps should do lkewise for 
the new lamp. 

Companies now charging for lamps 
should supply the new lamp without any 
increase of price. 

Unless the policy for the new lamp be at 
least as liberal as that for the present 
lamps, the introduction and general use of 
the new lamps is apt to be retarded. 


THE TANTALUM LAMP. 


At your last session you had the pleasure 
of hearing about the Tantalum lamp in the 
interesting paper of Prof. Ambler. Since 
then the manufacture of this lamp has been 
undertaken in this country and the lamp 
has been listed at a price of 75c. each or 
6o0c. net in lots of 500. 

The lamp is at present supplied in but 
one size—about 44 watts giving 22 mean 
horizontal c. p. (English Parliamentary 
Standard) and with a useful life on direct 
current of 700 to 800 hours. Unfortunately 
the life on alternating current is only about 
1-3 of this value—too short to be commer- 
cial. 

While the first cost (say 60c.) of this 
lamp seems high, if we pro-rate the useful 
life on direct current (750 to 800 hours) 
on an equal basis with that of the ordinary 
3.1 w.p.c. carbon filament lamp, we find that 
it is reduced to about goc. This is only 
about 25c. more than present 3.1 w.p.c lamps 
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cost, and companies now supplying free re. 
newals of the latter could furnish renewals 
of the Tantalum at 25c. each without any 
increase of renewal costs. This would give 
consumers the chance to use Tantalum 
lamps at no greater costs than are paid for 
a Welsbach mantle and thus place the elec- 
tric service with the Tantalum lamp on an 
excellent competitive basis with Welsbach 
lamps. 


TANTALUM UNITS. 


The Tantalum lamp by reason of the 
relatively small end candle-power and the 
fact of their burning to better advantage 
in a vertical position, can be used to 
marked advantage in the form of a “Unit” 
with a suitable Holophane reflector. The 
accompanying illustration shows the Tan- 
talum Unit combination lamp and reflector 
which you will notice is supplied uniform 
with that of the regular Incandescent Units 
with two types of reflectors giving con- 
centrated and distributed distribution. 

The following Table I. and Figure 3 
gives the cost of an equal amount of light 








/40° 








OO MSO ESO = 770° /60° 
FIG. I.—TANTALUM UNIT AND CANDLE-POWER 
DISTRIBUTION WITH DISTRIBUTING OR 
D-T FORM HOLOPHANE REFLECTOR. 


(1,000 candle hours) with Tantalum (at 
2 w.p.c.) GEM filament (at 2% w.p.c.) and 
ordinary carbon at 3,1 and 3:5 w.p.c., in- 
cluding cost of renewals in each case and 
power at various rates per Kw. hour 
shown. 
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Taste I. 


COST OF 1,000 CANDLE-HOURS OF LIGHT IN 
CENTS, INCLUDING COST OF POWER AND 
LAMP RENEWALS. 


For Different Lamp Efficiencies at Various 
Rates per Kilowatt-Hour. 


Rates per Ordinary Car- GEM Tantalum 
Kw Hour bon Lamp Lamp Lamp 


in cents. 3.5 ay 2.5 2.0 
WePiC2 WrEG. EMERG aAW EG: 

I 4.5 5.1 4.5 5- 
2 8.0 8.2 7.0 7: 
3 11.5 11.3 9.5 9. 
4 15.0 14.4 12.0 1a) 
5 18.5 17.5 14.5 13: 
6 22.0 20.6 17.0 cs 
Gf 25.5 237, 19.5 rz. 
8 29.0 26.8 22.0 10. 
9 32.5 20.9 24.5 21. 
10 36.0 33.0 27.0 23. 
II 30.5 360.1 29.5 25. 
12 43.0 39.2 32.0 278 
13 46.5 42.3 34.5 29. 
14 50.0 45.4 37.0 Ri. 
15 55 48.5 39.5 33. 
16 57.0 micO 42.0 3s. 
17 50.5 54-7 44.5 37. 
18 64.0 57.8 47.0 30. 
19 67.5 60.9 49.5 4I. 
20 71.0 64.0 52.0 43. 


“TABLE. LE: 


COST OF 1,000 CANDLE-HOURS OF LIGHT IN 
CENTS WITH FREE RENEWALS OF ALL 
LAMPS EXCEPT TANTALUM, FOR WHICH 
A RENEWAL CHARGE OF 25C. IS MADE. 


Rates per Ordinary GEM Tantalum 


Kw.-hour Carbon Lamp Lamp 
in Lamp 3.1 2.5 2.0 
cents. WP Coes WEE: Cee, 
I Bat 2.5 3.25 
2 6.2 5.0 5.25 
3 9.3 7-5 7-25 
4 12.4 10.0 9.25 
3 15. 12.5 P25 
6 18.6 15.0 13.25 
77 ZAG 17.5 15.25 
8 24.8 20.0 17.25 
9 27.9 22.5 19.25 
IO 31.0 25.0 21.25 
II 34.1 27.5 2225 
12 o7-2 30.0 25.25 
13 40.3 22.5 27.25 
14 43.4 35.0 290.25 
15 46.5 B75 31.25 
16 49.6 40.0 33.25 
17 52.7 42.5 35-25 
18 55.8 45.0 37.25 
19 58.9 47.5 39.25 
202 22020 50.0 41.25 


From these results it can be seen at 
straight costs per Kw. hour for current 
and an equal amount of light, just how the 
different lamps stand. ; 

It should be noted that in spite of its 
high renewal cost, the Tantalum lamp 
gives the lowest cost of any of the lamps 
(at above 3c. per Kw. hour). With free 
renewals of ordinary carbon lamps and 
free renewals of GEM filament lamps and 


‘Tantalum lamp renewals at 25c. as sug- 








FIG. 2.—TANTALUM UNIT AND CANDLE-POWER 
DISTRIBUTION WITH CONCENTRATING OR 
C-T FORM HOLOPHANE REFLECTOR. 


gested herein, the resulting cost for an 
equal amount of light at various rates per 
Kw. hour will be for the different lamps 
as shown in Table II. 


THE GROWING PRE-EMINENCE OF THE INCAN~ 
DESCENT LAMP. 


The advent of these various improve- 
ments in lamp efficiencies directs attention 
to the growing pre-eminence of the in- 
candescent lamp. 

The incandescent lamp, by reason of its 
many well recognized advantages, must 
have the call over any other lighting device 
at anything near equal efficiencies or light- 
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ing costs, and there are many indications the country, and have proven to be a most 


to the effect that the incandescent lamp is 
already making heavy inroads upon other 
lighting apparatus. 


THE LOW INVESTMENT REQUIRED FOR AN IN- 
CANDESCENT LAMP INSTALLATION. 


A most important advantage of the in- 
candescent lamp is its low cost and the 
small investment required for an jinstalla- 
tion. Central station companies have learn- 
ed from experience that electrical apparatus 
in which improvements follow each other 
as rapidly as they have in lighting devices, 
will be charged off and replaced in about 
five years, or even less time. How marked 
an advantage has an incandescent lamp in 
this particular—a small investment cost in 
the first place, and in the second place a 
ready and inexpensive exchange to improv- 
ed types in the ordinary course of lamp 
renewals. 

The argument does not lose its point 
because the customer may have bought and 
paid for the lamp—the burden of the rela- 
tive heavy first cost of other lighting de- 
vices as compared to the incandescent lamp 
is just as great in its effect upon the 
electric lighting industry whether the con- 
sumer or the central buys the lamp. 
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THE INCANDESCENT LAMP IS THE FAVORITE. 


The High Efficiency, High Candle Pow- 
er Incandescent Units employing the GEM 
filament are excellent examples in point— 
providing central stations as they do with 
a simple effective, and highly efficient light- 
Inge device, ate avery low. cost—(1-6 of 
that of the Nernst lamp for an equal light- 
ing value). 

These Incandescent Units were described 
in my paper before this Association last 
year. Since then these Units have been 
widely and extensively used in all parts of 





With Voltage of Circuit the Same as 
EU Op pollen V OLLAGe CV Ts oes evel ole'e « 
“Middle” or and “ | cece pees 
| Bottonr™ on 3rd. < GV sehen oe 


satisfactory and thoroughly practical and 
effective lamp for efficient illumination of 
stores, offices, and all interiors. 


Marked improvements have recently been 
made in the life and candle power perform- 
ance of the lamps, and this, together with 
the very low prices now made thereon, 
brings the renewal cost on a parity with the 
ordinary carbon filament lamp. 


These lamps are rated on the new label- 
ing plan already described by which the 
efficiency may be varied to suit different 
conditions and give satisfactory life. ‘hus 
using these lamps at the top voltage gives 
a life and renewal cost the same as for 
present 3.1 w.p.c. lamps; using them at 
bottom voltage gives a life and renewal 
cost the same as for present 3.5 w.p.c. 
lamps, and at middle voltage gives an in- 
termediate life and renewal cost. The 
table below gives average values for “top,” 
“middle” and “bottom” voltages. 


One of the special advantages of these 
high candle power lamps in common with 
all incandescent lamps, is the ability to ob- 
tain practically any form of light distribu- 
tion desired by simply changing the form 
of reflector. Thus two forms of Holophane 
reflectors are at present used with the In- 
candescent Units giving respectively a dis- 
tributed downward and concentrated down- 
ward distribution of light. 


THE NEW “BOWL” HOLOPHANES. 


In addition to these two forms of re- 
flectors another form known as the “Bowl” 
reflector (named from its similarity to an 
inverted bowl), has been introduced. 

The various sizes of units equipped with 
“Bowl” reflectors are illustrated in Fig. 5. 
It will be noticed that the lines of the 
“Bowl” reflector follow the lines of the 
lamp more closely than in other forms of 
reflectors, and present, perhaps, a more 
graceful appearance. The “Bowl” reflector 
also hoods the lamp so well that clear 
glass lamps can be satisfactorily useu— 
thus avoiding the loss of light (which is 
small) and the loss of life (which is large) 
of a frosted lamp. The curves of candle 
power distribution shown in Fig. 8 (page 
19), are those given by clear lamps in the 
bowl reflectors. 

These distribution curves are very inter- 
esting, and present some material advan- 
tages over those given with the present 
distributing and concentrating forms ot 
reflectors. 





Per Cent. Per Cent. Hours 
of of Useful 
Total Watts. Candle Power. Life. 
100% 100% 450 
~ 96% 90% 640 
90% 80% 940 
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The light distribution given with the 
distributing reflector shown in Fig. 1 gives 
too much light sideways at angles of Io, 
20 and 30 degrees from the horizontal, and 
its downward intensity is in consequence 
reduced. On the other hand the distribu- 
tion from the concentrating reflector, Fig. 
2, is perhaps too much downward and not 
spread enough for the average case. The 
distribution given by the new “bowl” re- 
flectors is a happy compromise—the light 
is brought down and spread out. It is thus 
possible to obtain a practically uniform 
distribution over a wider area (equal to 1% 
times the height of lamp above it) and of 
materially higher intensities than with the 
distributing form of reflector. 

The following Table lil. gives data as 
to height and distance between lamps with 
bowl reflectors for different degrees of il- 
lumination. 

This gives the simple law that to obtain 
uniform illumination with “bowl” reflect- 
ors, the distance between lamps shall be 
two and a half times the height of lamps 
above the plane of illumination. 


IDEAL ILLUMINATION. 


In general lighting, uniform illumination 
is very desirable, as the eye can work com- 
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FIG. 3.—CANDLE FOOT VALUES EXPRESSED IN 
PER CENT. AND TAKEN NORMAL TO THE DI- 
RECTION AT VARIOUS ANGLES FOR: I. UNI- 
FORM ILLUMINATION; 2. GEM INCANDES- 
CENT UNIT: -WITH “BOWL” REFLECTOR; , 3. 
NERNST LAMP. 





Taste [Vs oC See. Fig. 3): 


CANDLE FOOT VALUES (EXPRESSED IN PER 
CENT. AND TAKEN NORMAL TO THE DIREC- 
TION AT VARIOUS ANGLES) FOR, I, UNI- 
FORM ILLUMINATION; 2, GEM INCANDES- 





fortably with much lower intensities when CENT UNIT AND BOWL REFLECTOR; 3, 
the illumination is uniform than where it NERNST LAMP. 
is not. The new. “bowl” reflectors secure 
more nearly ideal results in this respect  DSsrees Bee BeiGene Der Genk 
than any other reflectors or commercial Side ofa Cent. Values = Valtiestt 
lighting devices. Ace valu cee by Given 
To Ties 3 1s shown the CU ENS of Candle Through Unions ad Boe Nees 
Foot Values to give uniform illumination Lamp. TIllumination. Reflector. Lamp. 
and candle foot value curves of the Incan- O 100.0 100.0 100.0 
descent Units with Bowl reflectors and of 10 103.0 120.0 107.2 
the Nernst lamp. It will plainly be seen 20.5 113.2 140.0 103.0 
that the Incandescent Unit gives decidedly 30 1333 155.0 98.4 
the best distribution. The following table AO 170.4 160.0 93.3 
(Table IV.) gives the values from which 50 242.0 150.0 85.8 
the curves in diagram, Fig. 9, are plotted: 60 400.0 120.0 74.2 
Aspe Lit. 


ILLUMINATION DATA FOR “GEM” INCANDESCENT UNITS WITH THE NEW 
‘ 
“BOWL” HOLOPHANE REFLECTORS. 
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VALUE OF THE UNIT IDEA OF LAMPS AND 


REFLECTORS. 


The plan of supplying a complete unit of 
lamp and suitable reflector has had a most 
beneficial effect in electric lighting service. 
It should never be forgotten that as much 
and more depend upon the efficient use of 
a lamp than upon the efficiency of the lamp 
itself. 

To provide consumers with a scientific- 
ally designed reflector constructed to give 
the particular distribution required and 
which can be installed to give uniform il- 
lumination under a simple law—this is a 
long step in the betterment of electric 
lighting service. 

Furthermore, it brings home the value 
and need of proper engineering in illumi- 
nating work. The omission of candle 
power from the new lamp label is signifi- 
cant in showing the tendency away from 
mere rated light value to the light effects 
—the illumination results. Heretofore the 
central station has only considered the lamp 
and its rated values, whereas desirable 
practice points to the lighting results giveu 
by the lamp as the important thing. 

Heretofore the lamp has been installed 
and the resulting illumination left to be 
what it might. Correct service considers 
the illumination desired and selects and 
employs the lamp so as to obtain it. 

Central Station companies must recog- 
nize that electric lighting work means 
mainly good illumination and must lay hold 
of methods that will achieve it in the most 
efficient manner. 
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STATIONS MUST REALIZE THAT 





“CENTRAL 
ELECTRIC LIGHTING WORK MEANS GOOD 
ILLUMINATION.” 


What a rattling of old chandeliers and 
fixtures and crashing of old shades and 
glassware all this means. The past five 
to ten years has been an era of central 
station reconstruction—of abandonment of 
old and obsolete apparatus for new and 
improved types. But what about your con- 
sumer’s installations? Are not the same 
old ineffective types of fixtures and worth- 
less old styles of shades still continued in 
service, and are they not in a large measure 
still continuing to go in to new installa- 





“WITH THE NEW LAMPS COME NEW 
OPPORTUNITIES.” 


tions? If it is important to have an efh- 
cient and up-to-date station, how much 
more important it is (considering the light- 
ing results to be obtained) to have efficient 
lighting installations? For it is upon the 
refined product, the delivered current at 
the lamp that we are dealing with at the 
consumer’s installation, where 1% of im- 
provement gives equal results to 10% im- 
provement at the station. 

Much work and study have been given to 
the elimination of losses between the sta- 
tion and consumer’s meter, but how about 
the losses beyond the meter in the con- 
sumer’s installation? 

It is not too much to say that three- 
fourths of all the shades in use to-day 
with incandescent lamps are practically 
worthless in that they obscure and waste 
light instead of efficiently diffusing and 
distributing it. There should be a stead- 
fast war waged against such useless relics. 
In the interest of good lighting service | 
have for years waged a campaign for lamp 
renewals, and now in the same interest I 
would wage one for the renewal of old 
worthless shades with new and efficient 
ones. Provide through proper illuminating 
engineering work for new _ installations, 
but do not stop there. Extend the good 
work to old installations as well, and aim 
to secure the highest efficiency not merely 
in the lamp but in the total illuminating 
results obtained. 

Electric lighting installations must un- 
dergo a similar overhauling to improve 
lighting results and enable the electric light 
to withstand the improved conditions of 
gas competition. The introduction of high- 
er efficiency incandescent lamps is_ the 
logical time to make this overhauling, and 
to induce customers in discarding their old 
lamps for the new ones, to also displace 
their old reflectors and fixtures with new 
and improved ones. 

What has been and is being done in the 
gas business can be done in the electric 
business if only central station companies 
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will adopt a progressive policy on the lines 
indicated herein, and thereby reap the full 
advantages of the new lamps and the new 
opportunities. 

And so, gentlemen, with the new lamps 
come new opportunities for the general 
betterment of the electric lighting service. 
The introduction of the new lamps is a 


most opportune time for central stations to © 


inaugurate a progressive policy on lamps 
and lighting. 

Ist. To secure free renewals and pro- 
mote a more liberal use of lamps. 

2nd. To furnish suitable and efficiently 
designed reflectors to consumers on as 
liberal terms as possible. 

3rd. To undertake illuminating engi- 
neering work on all lighting installations 
both old and new to the end of aiding 
consumers to secure the most efficient il- 
luminations. 

4th. To eliminate as far as possible all 
the worthless reflectors and replace them 
with efficient types, and to generally im- 
prove conditions of lighting service in ev- 
ery way possible. 

Since the introduction of the Welsbach 
lamps there has been quite an overhauling 
of lamps, fixtures and shades for gas lamps 
to the great improvement of gas lighting 
service, and large amounts of money have 
been spent by consumers for the new de- 
vices. 
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ORGANIZATION AND CONDUCT 
OF A NEW BUSINESS DEPART- 
MENT SUITABLE FOR. CEN- 

TRAL STATIONS IN CITIES 
OF 50,000 POPULATION 
AND UNDER 


By W. RanpotpH SWEANY. 


The foundation of a New Business De- 
partment, like everything else, depends upon 
its setting; the public expects to have its 
patronage appreciated, therefore it is neces- 
sary to be in a position to handle in a busi- 
ness-like manner any request coming from 
the consumer. Complaints should receive the 
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same polite attention as orders for service. 
The greatest advertisement is a_ satisfied 
consumer. Except in rare cases the oper- 
ating man of the Central Station Company 
is not qualified to treat with the consumer. 
In some instances they feel antagonistic, 
owing to frequent reflections on the qual- 
ity of service furnished. For companies 
of the size this paper concerns, it 1s not 
always found practicable for the head of 
the New Business Department, generally 
known as the Contract Agent, to devote 
his time to the office, in which case for 
the convenience of the consumer and the 
public, an office presided over by one with 
a thorough knowledge of the business, to- 
gether with keen commercial instincts, 
should be established for handling orders, 
complaints, etc. It is not advisable to 
associate the title Complaint Department 
with this office, as it is too suggestively in- 
viting. As the business grows this office 
should be brought under the control of 
the person in charge of the New Business 
Department, as it is necessary that this — 
officer should be thoroughly in touch with 
the established business in order to in- 
telligently prosecute a successful business- 
getting campaign. 

The sale of electricity should be con- 
ducted along the same lines as any other 
staple, manufactured product, the number 
of solicitors employed in the New Business 
Department, theoretically, should be gov- 
erned by the greatest number that can in- 
dividually earn a profit on themselves, this 
can be readily figured out. 

Below is set forth a diagram showing a 
practical organization, with lines of connec- 
tion and intercommunication. 

The organization, as shown on the dia- 
gram, is composed of eight men, all of 
whom are productive. The Contract Agent 
is responsible for the growth of the busi- 
ness; he is assisted by seven others, one 
General Office and Publicity Man, two 
Special, and four District Solicitors. 

In cities with a population of 40,000, drop 
out two District Solicitors from the num- 
ber shown in the above diagram. Where 
the pepulation is 30,000, drop out two Dis- 
trict Solicitors and Contract Agent, the 
Manager or Superintendent assuming the 
Contract Agent’s duties. With a population 
of 20,000, drop out the District Solicitors, 
Contract Agent, and combine the duties of 
the Power and New Building Agent with 
that of the Sign and Heating, etc., Agent. 
For cities with a population less than 20,- 
ooo, the Manager or Superintendent can 
assume the duties of the Contract Agent 
and Office Man, and the Soliciting Force be 
composed of Special Power and Sign, etc., 
Agent, and two District Solicitors. If 
found necessary to further reduce the force 
owing to limited territory, one or both 
District Solicitors can be dropped, retain- 
ing Special Power, etc., Agent. 

The possibilities of a Central Station 
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Company’s business are too great to neglect 
by curtailing in the Soliciting Department. 

The qualifications of a successful Con- 
tract Agent are too numerous. He should 
have a technical and practical knowledge 
of electricity and mechanics in general, 


disciplinary ability, and extraordinary busi-_ 


ness capacity, combined with a strong per- 
sonality, he must be able to inspire confi- 
dence, not only in the prospective con- 
sumer, but in the men under him; it is 
through this latter channel that he will 
obtain the best results. His duty is to 
keep himself and the Solicitors abreast of 
the latest developments in the application 
of electricity. The entire Contract Depart- 
ment should assemble at least two evenings 
a month, to bring out talking points, re- 
view business secured and talk over new 
plans; interest must not be allowed to lag. 
He should, as far as possible, become ac- 
quainted with the company’s consumers, 
keep in touch with all civic organizations, 
new developments and improvements. In 
addition to supervising the work of the 
Solicitors and Publicity Department he 
should personally handle all the large con- 
tracts of what might be termed the whole- 
sale end of business. 

The position of Office Man, in charge 
of orders and advertising, should be filled 
by one conversant with the requirements of 
a general mercantile business; he should 
have at least an elementary knowledge of 
electricity and should be posted on the 
class of service furnished and the location 
of the company’s lines. On him will fall 
the clerical work of the department, keep- 
ing records, compiling data, issuance of or- 
ders ,and last but not least the Publicity or 
Advertising work. 

The Power and New Building Agent 
shown in the diagram should be selected 
with great care and of the highest grade 
obtainable. His qualifications are set forth 
in the following diagram: 

( Technical Training. 


Practical Shop Experience. 
Ability to Estimate Cost of 


Qualifications Operation under all Condi- 
of tions. 
Special Power Ability .to draw up General 
Specifications. 


Settled Age. 

Good Judgment. 
Salesmanship. 

Good Character. 
Attention to Detail. 
Persistence. 


an 
New Building 
gent. 


' The duty of this special agent is com- 
batting isolated plants and handling all 
power propositions on installations of five 
horse-power and over, also close acquaint- 
ance with architects and builders, draught- 
ing of specifications on wiring, installing of 
light, power and heat, in general, soliciting 
all power business, together with contin- 
gent lighting, this Agent starts with the 
building permit. 

Should the city in question be a manu- 
facturing center, a District Solicitor should 


be dropped and an extra: Special Power, 
etc., Agent employed. 

The Sign and Heating, etc., Agent shown 
in the diagram should have all the qualifi- 
cations of a good salesman, no technical 
knowledge is necessary, yet he should un- 
derstand the elements of electricity, appre- 
ciate the advantages of advertising, and be 
able to exploit same; his best education is 
experience, and if he is of the right sort 
his value grows with it. He should under- 
stand and be able to make mechanical 
drawings and have ability in free-hand 
sketching. The plain electric sign letter is 
not suitable in all cases, the majority of 
merchants prefer original and individual 
design in their signs. In addition to his 
duties as Sign Agent he should introduce 
small, motor-driven, exhaust fans, coffee 
mills, meat choppers, etc., also electric 
irons, coffee percolators, urns, griddles, etc. 

The four District Solicitors should have 
all the qualifications of the sign Agent 
and in addition possess a practical knowl- 
edge of illumination, the lack of this 
knowledge will retard the sale of electric 
lights and generate the dissatisfied customer 
quicker than anything else. Each of these 
solicitors should be placed in fixed terri- 
tory and should be selected so that they are 
suited to the class of people they come in 
contact with. 

IN GENERAL. 

A space in the general office and the 
show windows should be devoted to display, 
demonstrating the different applications of 
lighting, small motors, and heating and 
cooking appliances; this will greatly assist 
in making popular devices that improve the 
day load. The Central Station to enjoy 
the business that belongs to it should ad- 
vertise; this is frequently done ineffectually 
and much money wasted. At a moderate 
expense a very effective productive pub- 
licity can be maintained, a follow-up system 
of letters, interspersed with attractive fol- 
ders with cuts and descriptions, will reach 
people not seen by the Solicitors; such 
things are bound to create a desire; when 
this is accomplished the consummation of 
the trade is left to the Solicitors. These 
letters and folders can be bought’ from 
advertising concerns engaged in this line 
of business at less cost than if designed by 
the Central Station Company and turned 
out by local engravers and printers, such of 
these that go to consumers can be enclosed 
with the monthly bill, saving postage. It is 
best not to be too general in advertising, 
drive one thing at_a time. The consumer 
using electricity for lighting only presents 
a good opportunity for the Advertising De- 
partment; signs, small motors, heating and 
cooking devices, can be constantly brought 
to his attention, their application and use- 
fulness shown. 

In connection with the display part of the 
business, the Central Station Company 
should be able to demonstrate the uses of 
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each device it exploits. Although the sign 
business presents many difficulties, a busi- 
ness arrangement with one or a number of 
electric sign manufacturers is preferable. 
It pays to sell signs, heating and cooking 
appliances, sewing machine motors, etc., 
from samples shown in the display room. 

Only by sticking to system can the-best 
results be obtained. A great many Solici- 
tors are prone to hit only the high places. 
Make a directory for the office, see that 
all are approached; not once, but many 
times. Keep a card file of calls and re- 
sults. 

For the convenience of Solicitors, loose 
leaf books that can be carried in the pocket 
should be provided. These books should 
contain rules, formulas and data on all sub- 
jects pertaining to their business, such as 
the average consumption of lamps, motors, 
etc. Percentage of average load to con- 
nected load in different businesses; cost of 
all current consuming devices; cuts showing 
the proper distribution of light, etc. 

Regarding the necessary forms in the 
New Business Department, a check on the 
Solicitors, their calls and appointments, is 
best kept by the card file system. For the 
Solicitor, a calendar is used for appoint- 
ments. The following form for calls and 
results from which is taken a monthly or 
bi-monthly summary, showing business se- 
cured, business lost, its cause and prospec- 
tive business. 
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commission. The right sort needs no extra 
incentive; if he is entitled to an increase 
and the business justifies it, give it to him, 
if not, drop him if he is dissatisfied; either 
the company or the Solicitor gets the worst 
of it on a commission basis. 


RATES. 


It is not meant in this paper to refer to 
rates other than to say they are, of course, 
the largest factor concerned in regulating 
the amount of new business secured. They 
should be as simple as possible, published, 
not concealed, and with the exception for 
signs and show lighting, which can be 
placed on a switching circuit under control 
of the company, should ve entirely on a 
meter basis. 

Electricity is a mysterious force and as the 
steady going public dislikes unknown quan- 
tities, a campaign of education is neces- 
sary, which, if properly and systemmatically 
carried out, will surely bring the desired re- 
sults. The public is simply waiting to be 
taught the advantages the use of electricity 
offers. With it can be supplied light, power 
and heat, in innumerable ways; this the 
general public understands only in a vague 
manner. At least one of the three com- 
modities is indispensable to every human 
being—the desire being created owing to 
the necessity, the advantages can be readily 
shown. Believe in it yourself and you will 
inspire confidence; present it properly and 
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Miscellaneous News 


ALAMEDA, KAN.—tThe report of Su- 
perintendent’ Kahn, of the municipal elec- 
tric light plant, shows an increase in the 
earnings of the plant for the last year of 
$10,250.45. The earnings for the year pre- 
vious amounted to a fraction over $64,000. 


CEAY “CENTER, “KAN It looks--as 
though Clay Center will not be able to 
build its municipal electrical light plant at 
once, for which bonds have twice been 
voted. The city council expected to let 
the contract for the building and plant 
but a temporary restraining order has been 
secured by the private company now doing 
business here and the matter is again tied 
up. The restraining order is secured in 


‘the name of the State, ex rel. C. C. Cole- 


man, Attorney General. The city authori- 
ties say they expect to fight it through, and 
if this is lost another election will be called. 
There seems to be no difficulty in getting 
the city to vote the bonds. 


KANSAS CITY, “MO;— Should the 
council refuse to modify the Fleming-Wil- 
son ordinance so that it will be accepted 
by the grantees, Mayor Beardsley may urge 
that the city take possession of the plant 
of the Kansas City (Missouri) Gas Com- 
pany. 

“Tl am not wedded to municipal owner- 
ship,” said the mayor, “but the Kansas 
City (Missouri) Gas Company would force 
the city to it, or to get gas through an- 
other company. It will be best for the city 
to have one company with a monopoly, but 
that company must be subject to regulation 
by the city in the matter of rates and 
other terms, either by specific language in 
the franchise or by the right to purchase 
unqualified. In the terms offered by the 
old company no such power of regulation 
is reserved to the city.” 


KINGSTON, N. Y.—There is believed 
to be little if any likelihood that the work 
of the committee appointed by the mayor 
to investigate the local electric power situ- 
ation will result in the establishment of a 
municipally-owned and_ operated — street 
lighting system for some time to come. 

Even those who advocate the municipal 
ownership idea are now coming to see that 
it would be unwise to carry out that idea 
just now and a contract with a private 
company will doubtless be awarded for the 
next three vears by the common council. 


It is becoming generally feared that if a’ 


municipal lighting plant were established 
it would interfere with the carrying out of 
the water supply scheme. 

~ LOCKPORT, N. Y.—The three citizens 
who will serve on the special committee to 
be known as the municipal electric light- 
ing plant committee were appointed. They 


tion. 


are Mr. D. Elwood Jeffery, former alder- 
man from the Third Ward; Hon. David 
A. Milla, and Mr. Henry Murphy. These 
men will serve with Mayor Howard M. 
Witbeck, Mr. James J. Moran, chairman 
of the committee on lamps and gas; Mr. 
J. Frank Smith, city attorney, and Mr. Ju- 
lius F. Frehsee, city engineer and surveyor. 

The committee was appointed for the 
purpose of considering the advisability of 
erecting and constructing a municipal light- 
ing plant and report to the common coun- 
cil at the regular meeting the third Mon- 
day in November. 


MOBERLY, MO.—The Moberly Electric 
Light Company will, we are reliably in- 
formed, in a very short time expend about 
fifty thousand dollars on the present elec- 
tric light plant and practically make the 
plant entirely new. When completed they 
will furnish day power and give first-class 
service in every way. 


NEW YORK (BoroucH or BrooKiyn). 
—The work of changing the 3,000 and more 
open flame gas lamps of 20 candle-power 
each in Richmond Hill and the town of 
Newtown to mantle gas lamps of three 
times the illuminating efficiency, or 60 can- 
dle-power each, is to be begun the last 
week in September and it will be completed 
in sixty working days. The lanterns are 
to be of the best pattern known to-day, a 
marked improvement over the old _ style. 
A total of 105 new arc lights of 1,200 
candle-power have. been installed in the 
borough since last January, and this is far 
more than all the new arc lights placed be- 
fore that in the eight years since consolida- 
This has been rendered possible by 
the reduction made in the cost of the ser- 
vice by the light companies, and as a re- 
sult there is no increase in the total cost 
to the city over previous years. 

With the alteration of the open flame gas 
lamps to mantle lamps the total lighting of 
the borough will be increased fully 50 per 
cent. over last year. 


NEW YORK (BoroucH or RicHMonp). 
—Acting Mayor McGowan is not inclined 
to agree with Comptroller Metz that the 
only means of giving a proper lighting 
service to Staten Island is the establish- 
ment of a municipal lighting plant. Mr. 
McGowan bases his opinion on a report 
made to him by Chief Engineer Lacombe, 
of the Department of Water Supply, Gas 
and Electricity. Mr. Lacombe reported 
that the situation in Staten Island was not 
nearly so bad as has been indicated in the 
complaints from that borough, and he add- 
ed that if a little time was given to the 
company to improve its plant it would be 
able to provide an adequate service. 
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The company has been handicapped be- 
cause of its failure to borrow money fot 
the extension of its plant and because ot 
the great demands made upon it for the 
lighting of the Staten Island beaches. But 
with the close of the summer season the 
company, Mr. Lacombe said, will be able 
to supply better public lighting for the 
streets, and before next summer will un- 
doubtedly be in a position to meet all the 
demands. 

Mr. McGowan and Mr. Metz had a talk 
on the matter. The Comptroller stuck tu 
the municipal lighting plant, but if he in 
sists on bringing his proposal before the 
Board of Estimate it will undoubtedly be 
opposed by Mr. McGowan. : 


ORANGE, N. J.—By a unanimous vote 
the Orange Common Council have decided 
to proceed with the erection of a municipal 
electric lighting plant. The plant is to be 
built in conjunction with the water pump- 
ing plant under a law passed by the Leg- 
islature last winter, in which there is no 
referendum. ‘This fact was evidently over-. 
looked by the legislators, who were so 
careful to put a referendum in all the other 
municipal lighting plant bills which were 
before the Legislature. 

James M. Seymour, Jr., was engaged as 
consulting engineer and authorized to pre- 
pare plans and specifications. 

At present Orange pays $85 an arc light 
of 2;000 candle-power, which, Mr. Seymour 
declares, is in reality less than 1,300 candle- 
power. According to his estimates the cost 
under municipal operation will be less than 
$50 a year. Mr. Seymour is to run the 
plant for the city for six months after it 
is installed. The plant will be used also 
for pumping for the water and sewer de- 
partments. 


POUGHKEEPSIE, N. Y.—Officers of 
the Poughkeepsie Light, Heat and Power 
Company say that when the improvements 
now under way at the power station are 
completed Poughkeepsie will have one of 
the largest and most efficient power plants 
to be found in any of the smaller cities in 
the country. Within the past year there 
has been a new system of street lights in- 
augurated here. It is known as the “lu- 
minous arc light,’ and is claimed to give 
a much steadier and more diffused light 
than any other yet invented. 


ROCHESTER, N. Y.—Bids were opened 
for lighting the streets of the city with 
electricity. While there was but one bid- 
der, the Rochester Railway and Light Com- 
pany, present holder of the contract; its 
offer for municipal lighting is quite satis- 
factory to Rochester. Its bid was as fol- 
lows: 

Single arc lamps fed by overhead wires, 
$57.95 per light per year, former price 

$78.50 per year; single arc lamps fed by 


.for a municipal plant. 
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underground cable, $68 per light per year, 
former price $78.50; double lamps on iron 
poles, fed by underground cable, $62.96, 
former price $60.61; incandescent lamps, 
$19.34 per lamp per year. 


ST. LOUIS, MO.—The question of mu- 
nicipal lighting was brought to the atten- 
tion of the board of public improvements 
through the submission by Joseph P. 
Whyte, harbor and wharf commissioner, of 
an ordinance providing for letting the 
lighting contract for an additional twenty 
years from September 1, 1910. ‘This is the 
time when the present contract held by 
the city expires. He suggests that if the 
electric lighting proposals are not better 
than in Detroit. which owns its own light- 
ing plant, the city should make provisions 
Several years ago 
the city authorized the setting aside of 
$140,000 each year to erect a municipal 
plant in time to furnish the city with lights 
by September I, 1910, but no money has 
been set apart in accordance with this or- 
dinance. 


SYRACUSE, N. Y.—The much-looked 
for decision of the State Commission on 
Gas and Electricity on the complaint of the 
city of Syracuse, regarding the prices 
charged for gas and electricity in that city, 
which will have considerable bearing on 
the complaint of the citizens of Albany, 
was made public and the conclusions of 
the commission are: Prices to be charged 
for gas after October I, 1906, 95 cents per 
thousand feet. Price to be charged for 
electricity to private consumers from Oc- 
tober 1, 1906, to October I, 1907, 9 cents 
a kilowatt hour; after October 1, 1907, 8 
cents per kilowatt hour. Price to be 
charged for street lighting after October 
I, 1906, $68 per arc lamp per year. Here- 
tofore Syracuse has paid $85.77% per arc 
light in her streets; $1.00 per thousand cu- 
bic feet for gas, and 12 cents per kilowatt 
hour, with a 2 per cent. discount for cash 
payment for electricity delivered to private 
consumers. 


IWATEREOWN,: N; Y.—J. OL Mange, 
general manager of the Watertown Elec- 
tric Light Co., is superintending extensive 
improvements that are being made by his 
concern. The new generators, with the 
water power that the company is now buy- - 
ing, and other new facilities, will double 
the capacity of the plant. 

The company has so far installed 125 
of the 230 new luminous are lights which 
will replace the old lights that have hung 
since the concern was organized. These 
arcs are the latest of their kind, manufac- 
tured by the General Electric Co., of Sche- 
nectady. They burn with an intense white 
light and are said to be far superior to the 
old ones, 
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Calculation of Jllumination 


By VAN RENSSELAER LANSINGH. 


It is well recognized to-day that in 
any careful work which the illum- 
inating engineer is called upon to -lo, 
it is necessary to calculate from the 
photometric curves of the source of 
light to be used, the illumination 
which will be obtained at different 
points. It is possible to-day to obtain 
reliable polar or photometric curves 
of a large number of sources of light 
but the calculation of the illumination 
from the same is more or less of a la- 
borious task. Sometimes it is desired 
to obtain simply the normal illumina- 
tion, but in general it is necessary to 
obtain the horizontal illumination if it 
is desired to find the resultant illu- 
mination due to the light from several 
different sources. Such calculations 
ordinarily involve the cube of the co- 
sine of the angle between the per- 
pendicular and the rays in question 
and unless proper tables are avail- 
able, involve considerable labor. 

In order to minimize this, a new 
paper has’ been prepared, a copy of 
which is herewith shown. In the up- 
per left hand corner is space for the 
polar curve of any given source of 
light, which, as it is usually sym- 
metrical, is only carried to one side 
of the vertical. If, however, the light 
should hang at an angle so that the 
polar curve were not symmetrical 
with respect to the vertical, it would 


be necessary to plot the curve to the 
left of the vertical. This, however, is 
not generally the case. Owing to the 
fact that in a large majority of cases 
there are apt to be more or less sud- 
den fluctuations in candle-power near 
the nadir, the rulings are provided so 
as to easily care for readings at 10 
degrees instead of 15 degree inter- 
vals. The distance of the source of 
light above the plane illuminated is 
divided, as will be noted, into twelve 
equal divisions, so that this height is 
adapted for two, three, four, six ‘or 
twelve feet above the plane illlu- 
minated. The distances from the foot 
of the perpendicular below the light 
are divided accordingly. Thus, if the 
light were twelve feet above the plane 
illuminated, the calculations could be 
carried out for a distance of 4o feet 
from the perpendicular. In the table 
at the right hand side will be found a 
table of Cos.* 6, where @ is the angle 
between the perpendicular and any 
given ray, which is applicable for 
those cases where a new diagram 
inust be drawn, such as for example, 
for a height of 5 feet above the plane 
tlumiunated. 

Two tables are also prepared, one 
for the normal illumination I, and 
another for the horizontal illumina- 
tion Iy. The following notation is 
used: d is the distance from the source 
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of light to the point illuminated. CP 
is the candle-power. D is the distance 
from the foot of the perpendicular to 
the point illuminated. h is the height 
of the source of light above the plane 
illuminated. With the formula given, 


CP 
— — for the normal illumina- 


d? 


Nive ee 


CP 
{Om Pad b= Ose 


h? 


horizontal illumination, it is a simple 
matter, after having laid out the polar 
or photometric illumination curves by 
the aid of a-slide rule, If there =are 
two sources of light, the resultant il- 
iumination can be easily plotted. It 
is thus possible to calculate and plot 
both of these curves in ten or fifteen 
minutes, whereas, the labor involved 
would be very much greater. 

The ordinary polar or photometric 
curve is often deceptive even to the 
experienced illuminating engineer. 
With some of the modern types of 
reflectors, a large amount of light is 
thrown directly downward and when 
compared with the curve of a bare 
lamp or with the curve of a globe or 
reflector which throws the maximum 
light sideways, it looks as if there 
were a larger increase in the illumina- 
tion in different zones than is actually 
the case. This is often deceptive and in 
order to find out how much light there 
is in any given zone, it is necessary to 
take advantage of the Rousseau Dia- 
gram. In the Rousseau Diagram the 
candle-power readings of the photo- 
metric or polar curve ate laid on sdi-= 
rectly to any convenient scale and the 
mean height of any zone gives the 
mean zonal candle-power. ‘Thus, the 
area between any two lines, say be- 
tween 70 and go° as shown on the 
diagram, the curve and the base line 


@® for the 


divided by the length of the base line 
would give the mean height or total 
amount of illumination in the zone in 
question. In case it is desired to ob- 
tain the mean lower hemispherical 
candle-power, it would be necessary 
to take the area between zero and go° 
and divide it by the length of the base 
line. In order to measure these areas, 
it is customary to use a planometer, 
but as such an instrument is not ordi- 
narily available, the Rousseau Dia- 
eram has been cut up into twenty 
equal parts shown by the red lines on 
the paper:. Ven of these are. above 
the horizontal or 90 degree line and 
ten below. If, now, we measure the 
height of the curve from the base half 
way between any two red lines, we 
will obtain the mean height as, gen- 
erally speaking, the curve can be con- 
sidered a straight line between any two 
such divisions. By this method we 
can obtain the mean height of any 
zone or hemispherical candle-power 
without being compelled to calculate 
the areas. In the case of the mean 
hemispherical candle-power all we 
have to do is to add the Io ordinates 
and point off one decimal point. It 
thus becomes a simple matter with a 
hundredths scale, which is ordinarily 
used in measuring such heights, to ob- 
tain at once without any other instru- 
ment, the total amount of light in any 
given zone or the mean lower hemis- 
pherical or mean spherical candle- 
power, the two values most frequently 
desired. 

These sheets which are gotten up in 
a convenient form measure about 18” 
long and 12” wide, and can be ob- 
tained from the Engineering Depart- 
ment of the Holophane Glass Com- 
pany, which has published this new 
paper. It should decrease this nart of 
the work of the illuminating engineer 
at least one-half. 


605 


THE ILLUMINATING ENGINEER. 


160° 189° 479°180° 
awa----- Ratio_.¢ 


fa a] 
16.5 | 
2 


= WM] Solo . : ooo ooo: 

Fa] Osis] ei Beis}o } TTT 

no Psa Pag Pas BI S| 9] 9} 0 H i BURRROESSRRARDANI IE 
a i PO 


qu] 9 S Q| Oo] 
EIS EIE SEB PULTAEEEAAAELUDADUTURATOU OT HY 
° ®, 


Naw York, 


ML 


ee Sean 


Checked by A-J.M. 


Date OCT17-19 06. 


c) 


ENGINEERING DEPARTMENT | 
HOLOPHANE GLass Co. 


.963 
.860 
-71 


game) (AU) 
a cc 

A 
an artetetttne 


Mv 


Plotted by _U- 


M.U.H.C.P. = 


-[ m [T+] 
0430] o | 
451 























Je | «| on] 
* | 6.0 36d 15.510. 430. 
freee 
“]_G6.3| 396) 21.5] .543 
o-]| 448/270] . 
117/136 
j 13.51/82 


ET 
TTT, 
LL 
ETT AT 


° 
i 2 


ATT 
LAU MULLLL | 
ATTA 


SSEAU DIAGRAM 


SHEET NO..>Ps.... 


ETL 


M.S.c.P.-_10.61 


OU 
M.S.C.P. 


ILLUMINATION CURVES 
R 


D — Horizontal Distance from Source of Light 























IG cP.LaAme 
eee 


Rousseau Curve No... Ps 





G TY 


SN TTT | HITACHI 


S| COON 
SAN TS cer 


G O 


¥ 























Copyrighted, 1008, bg 


Photometric Curve from 1--s'S. Plate Nooo. 
Holaphane Glass Co. (8ates Dept.) 


Illumination Curve No.) 


o tt 
seTpUEO-1008 uy Ay 10 Ny >) N g ut 2 0) 


Glassware HoLOPHANE Reflector No. 7380 


Source of Light 


M.L.H.C.P. 
M.L.H.C.P,- 


Deyeuramil, euBld eAoge WFCH—T = OAD 





TABLES AND CURVES OF ILLUMINATION. 


‘ 


606 


THE ILLUMINATING ENGINEER, 


Plain Talks on [lluminating Engineering 


Ill. MEASUREMENTS OF LIGHT AND ILLUMINATION 


by 


Engineering is applied science, and 
the foundation of all science is meas- 
urement. In order to handle illu- 
mination as a branch of engineering, 
therefore, it is necessary to under- 
stand the ways and means used for 
measuring light and its several funda- 
mental, eliecise lea matinchroratie 
measurements in use at the present 
time is unfortunately such that they 
are often misunderstood and miscon- 
‘trued; hence the special necessity of 
giving the subject careful attention. 

In the first place let it be clearly 
understood that light and illumination 
are two different things, and, there- 
fore, require different units’ of meas- 
urement. Light is the cause, illu- 
mination the effect. If this simple dis- 
tinction is kept in mind it will gen- 
erally serve to prevent a misunder- 
standing of terms. 

As we stated in the first part of 
this discussion, light has one measur- 
able property, namely: intensity 
(strength, brilliancy, brightness). All 
other measurements and units are de- 
rived from this one property. 

The different derived quantities ap- 
plying to Light are, 


First: : The total quantity oi flux 
of rays (mean “spherical = candis- 
power”). 


Second: The brilliancy of the lu- 
minous surface of light sources (“in- 
trinsic brilliancy”’). 

Third: The relative quantities of 
the different color rays. 

The measurements of Illumination 
derived from the fundamental meas- 
urement are: 

First: Intensity of illumination on a 
given surface. 

Second: Brightness of the image 
on the retina of the eye. 

It has been previously stated that 
the intensity of light varies with the 
direction of the rays from the source. 
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It follows, therefore, that the funda- 
mental quantity known as “‘intensity”’ 
can be measured in only one direction 
at a time. 

Measurement is the comparison of 
one quantity with another of the same 
kind which is invariable, or as nearly 
so as conditions will permit. The in- 
variable quantity is called the unit, or 
standard. The measurement of light, 
therefore, necessitates an invariable 
unit ‘asa standard; *that-isea lott 
which shall have always the same in- 
tensity in a certain specified direction. 
It is practically impossible to secure 
an absolutely invariable unit of any 
kind; and to obtain a lght-source 
which can be easily reproduced, and 
which will always give the same inten- 
sity within the limits of variation 
common with other measurements, 
has proven a very difficult problem, 
which has not yet been satisfactorily 
solved. 

The necessity of measuring light 
first arose with the introduction of 1l- 
luminating gas, and as candles were 
then the ordinary sources of light, it 
was very natural to refer the light- 
power of the new luminant to that of 
the candle; hence the term, “candle- 
power.” As crude a light source as 
the candles may. scent to “be, itewas 
found, nevertheless, that, with proper 
precautions, candles could be made 
which would, under stated conditions, 
give a fairly uniform intensity in a 
direction at right angles to the flame; 
and the standard candle is still used as 
an actual standard lght-source, al- 
though a lamp burning a chemical 
fluid is used where a greater accuracy 
is desired. 

When the candle-power of a light 
source is given the quantity usually 
meant is the intensity of the rays of 
that light in a horizontal direction, 
unless some other direction is speci- 
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fied. This is the only meaning that 
should ever be given to the term, but 
it is often used loosely when other 
quantities are meant. 

The measurement of the candle- 
power, or intensity, of a light source 
is made by comparing the illumination 
which it can produce upon a given 
surface with the illumination pro- 
duced upon an equal surface by the 
standard light. The eye, like the 
other senses, can judge very accurate- 
ly of equalities; that is, it can deter- 
mine when two surfaces are equally 
illuminated, and the method of opera- 
tion of all practical photometers con- 
sists in adjusting the distances of the 
two lights so that the illumination 
produced on the given surfaces is 
equal, -Uhe relative intensities: are 
then determined by the law of inverse 
squares. Thus, if the surfaces are 
equally illuminated when the standard 
light is one foot away and the light 
being measured two feet, the intensity 
of the measured light is four times 
that of the standard light. 

The great variety in the construc- 
tion of photometers is mainly due to 
different arrangements for viewing 
simultaneously two similar surfaces il- 
luminated respectively by the two 
light-sources. It is not within the 
scope of our subject to examine these 
various devices. All the more com- 
mon forms are treated of in an excel- 
lent little book by Prof. Stine, en- 
titled Photometrical Measurements ; 
and the whole subject exhaustively 
treated in Palaz’s Industrial Photo- 
metry. It will perhaps be well, how- 
ever, to describe a form of photometer 
which, on account of its simplicity of 
construction and accuracy of opera- 
tion, has superseded all other vari- 
eties,.excepe  wuere the greatest ac- 
curacy is required; and even in many 
of these cases it is preferred. We will 
describe the general principles of its 
construction, from which the reader 
may, if he chooses, be able to con- 
struct an instrument of his own. As 
before stated, the essential part of a 
photometer is the device for compar- 
ing the two illuminated surfaces. The 


arrangement we are about to describe 
is the invention of Prof. Bunsen, who 
also invented the gas burner having 
holes at the bottom to admit air to 
mix with the gas before burning, and 
which is the basis of all incandescent 
gas burners at the present time. 

The surfaces which are illuminated 
by the light under comparison are 
technically called\-the — screen”; and 
from its method of construction the 
screen of the Bunsen photometer is 


commonly called a “grease-spot 
screen” and the photometer the 
“grease-spot photometer.” The fol- 


lowing simple experiment will show 
the manner in which the screen acts: 
place a drop of oil or water in the 
center of a sheet of white paper. If 
you now hold the paper between your 
eyes and a light-source, you will see 
a bright spot in the center; the grease 
spot being translucent, transmits more 
Netitetian thie ursounding paper. 
Now hold the paper so as to see it by 
reflected light, that is, with the light 
source On the same side of the paper 
as your eye. The grease spot now ap- 
pears darker than the surrounding 
paper for the reason that the light 
falling upon it, instead of being re- 
flected to the eye, passes through. 
Lastly, place the paper between two 
light sources. If you look at one side 
the grease spot will be illuminated by 
the light on the opposite side of the 
paper passing through, while the sur- 
rounding paper will be illuminated by 
the light on the same side by reflec- 
tion. By slowly moving the paper 
back and forth between the two light- 
sources, you will find a position where 
the grease spot will (almost) disap- 
pear. This shows that the illumina- 
tion by the light on the one side, 
which is transmitted through the oiled 
surface, is equal to the illumination 
from the light-source on the other 
side, shown by reflection from the sur- 
rounding paper. Assuming that the 
proportion of light transmitted is 
equal to the proportion reflected, the 
light-powers of the two sources are 
then as the squares of their distances 
from the screen. 
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The photometer consists of a bar, 
or other support, of the necessary 
length, which depends upon the in- 
tensities of the light-sources to be 
measured, with a standard light- 
source’ at ‘one »end™ and= a7 «means 
of placing the light-source to be 
measured at “the ‘other, = A =sthox 
or other support for the screen 
is then provided, and arranged to 
move along the bar between the two 
light-sources. In order to see both 
sides of the screen at the same time, 
two strips of mirror glass are placed 
at a slight inclination on either side, 
as shown in diagram in Fig. 1. By 





FIG. I.--ARRANGEMENT OF 
SCREEN AND MIRRORS. 


looking directly edgewise at the screen 
the two sides will be seen reflected in 
the two mirrors. 

For ordinary work, such, for ex- 
ample, as the measuring of electrical 
lamps, a photometer bar five feet in 
length will be found sufficient. A 
convenient arrangement of the screen 
is to place it in a slide fitting into the 
middle of a box 4 inches square and 
6 or 8 inches long, the box being: ar- 
ranged in any convenient way to slide 
along the bar. The box should be 
carefully blackened on the inside with 
a mixture of lamp black in rather 
thin shellac varnish. It is also impor- 
tant, of ‘course, tou prevent-allaiieht 
except that from the two light-sources 
under comparison, from falling upon 
the, screen, This “miay abe «done sby 
either working in a room with black- 
ened walls, which is usually difficult 
to obtain, or by enclosing the instru- 
ment with black curtains to shut out 
outside light. Care must be taken not 
to place any surface, even a black one, 
close behind either light-source, unless 
two surfaces exactly alike are placed 
at equal distances from both sources; 


for even the blackest of surfaces re- 
flect a measurable amount of light and 
will unbalance the results. One of 
the best ways to prevent outside light 
from interfering, is to place along the 
bar a series of diaphragms, which may 
be pieces of _ordinary card-board 
painted black, with openings cut in 
them the size of the light-sources. 
This arrangement is shown in Fig. 
2. By using -a-sufficient number of 
such screens a photometer may be 
used in an ordinarily light room with- 
out giving incorrect results. 

There are several methods of mak- 
ing the photometer screen, one of the 





FIG. 2.—ARRANGEMENT OF PARTS ON BAR. 


simplest being the following: Secure 
some of the best possible quality of 
white linen ledger paper. Solder a 
penny to the end of a piece of stout 
wire for a handle. Heat the penny 
hot enough to readily melt the para- 
fine. Give it a coating by holding 
it against a lump and then press it 
firmly against the white paper for a 
moment. As soon as the spot is set, 
reverse the paper and apply the penny, 
previously coated, to the opposite side - 
of the paper, taking care that the two 
impressions shall exactly register. 
Surplus parafine may then be taken 
off by placing a clean blotter over the 
spot and laying a hot flat iron over 
it. A number of such screens may 
be prepared at the same time and kept 
where they will be free from dust 
for future use. Screens should be 
changed very frequently, as they be- 
come soiled in use and interfere with 
the accuracy of the results. Another 
good method is to double a piece of 
white paper, cut a hole through the 
two sheets, and place a piece of trac- 
ing paper between. 

As a standard light-source, the one 
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most easily provided and which is 
capable of giving very good results, 
may be made from a common stu- 
dent lamp by using a metal chimney 
outside the glass chimney, having a 
slot in one side which will cut off 
the top of the flame as seen from the 
screen. The lamp should be allowed 
to burn until it becomes thoroughly 
heated before measurements are 
made, and it is also essential that the 
room in which the work is done be 
kept thoroughly ventilated. In many 
cases only comparative results are de- 
Sired,- and: in these. cases. a--lisht- 
source of the same kind as the one 
to be measured may be used as a 
standard. For example, an incandes- 
cent gas burner may be used, it being 
supplied from the same gas pipe as 
the» light “being. .measured. Even 
though the reader may not use a 
photometer for practical measure- 
ments, it would in many cases pay 
him to construct a simple experimen- 
tal instrument for the sake of the 
knowledge that he will gain of the 
principles of light measurement. If 
he has not the time or facilities for 
this he should, at all events, obtain 
the privilege of using a photometer 
sufficiently to familiarize himself with 
the principles of its operation. 

In determining the setting of the 
screen in the Bunsen photometer, two 
different methods are used dis- 
guished as the “comparison” method 
and the “disappearance” method. In 
the comparison method both sides of 
the screen are kept continually in 
view, and the setting made in the 
position at which the two sides have 
the same appearance.. In this case 
the spot does not disappear on either 
side, but the balance consists in the 
similarity of the two ‘sides. In the 
disappearance method, one side of the 
screen is observed, and the position 
found at which the spot most nearly 
disappears. The screen is again 
moved until the spot disappears on 
the opposite side; the mean between 
these two positions is taken as the 
final -reagine, In. practice. the spot 
can rarely be made to disappear ‘en- 


tirely, owing to the difference in color 
of the two lights. Even when meas- 
uring two light-sources of the same 
kind, such as incandescent electric 
lamps, there is usually sufficient dif- 
ference in color to be perceptible on 
the screen. With a little practice, 
however, a considerable difference 
in color will not interfere with the 
setting of the screen by either method. 
The comparison method is quicker 
and is more generally employed; but 
where light-sources of the same kind 
are being compared the disappearance 
method is probably the more accurate, 
especially for those not accustomed 
to using a photometer. 

While the intensity of light in a giv- 
en direction is a valuable measure- 
ment in itself, affording a means of 
comparing light-sources of the same 
kind, as for example, gas jets, man- 
tle gas burners, etc., it does not by any 
means supply all the knowledge neces- 
sary in regard to the value of a light- 
source. Light sources distribute their 
rays unequally in different directions, 
and it is thefore important to know 
just how they distribute their rays, that 
is, to know the intensity of the light 
in different given directions. For this 
purpose it is necessary to provide a 
means of either turning the light- 
source itself, as may be done with an 
incandescent electric lamp, so that the 
rays in different directions may reach 
the photomenter screen ; or, in case the 
light-source can only be used in one 
position, as with gas light and elec- 
tric arc lamps, it is usual to use mir- 
rors placed in different positions 
about the light-sources, and measure 
the rays which are reflected from the 
desired directions. The mechanical 
details for carrying out such measure- 
ments will be found described in the 
works already referred to. 

The methods of recording the re- 
sults are important, and since they are 
usually assumed to be understood by 
writers on the subject, we may give 
a little time to an explanation. 

For many purposes the most satis- 
factory method of expressing the re- 
sults is by means of diagram, which 
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is technically called a “curve.” The 
method of drawing such a diagram 
may be best explained by means of a 
practical example. For this purpose 
we will take the common form of six- 
teen candle-power electric lamp. We 
will assume that the lamp has been 
measured on a photometer for the 
intensity of the light at directions 
or angles ten degrees apart above and 
below the horizontal and that the 
values obtained are as follows: 


Angle. Intensity. Angle. Intensity. 
10° above 16 10° below 16 
200 | 154 20m pe 15 
BOs 14 BO? aie 14/2 
40° 6“ 2214 40° 66 13 
40, 12% 40° of 1B 
50 ees, 10 50 s 12 
CO. xe 84 COLanT.: 10 

One Se 2} Onn aren 8 
Ae 4¢ oe A “é I fe 

T7e2 
90° (79 O 90° 6é 7 





We then draw horizontal and ver- 
tical lines, and from their intersection 
as a center draw intermediate lines 


ten degrees apart, as shown in Fig. 3. - 


Use any convenient length as a unit 
to represent one candle-power; then 
lay off along each line a number of 
these units equal to the number of 
candle-power intensity in the direction 
represented by the line. It will save 
time to first lay off the unit distances 
along the horizontal line, and then 
draw circles through cach of these 
points, thus dividing all the other lines 
nito the same equal units, as shown in 
Fig. 3. On the horizontal line the 
intensity is sixteen, and we lay off six- 
teen units, marking the point with 
an x. At 10 degrees below the 
intensity is 1544, and we lay off a dis- 
tance from the center of 1514 units. 
At 20 degrees below the intensity is 
14, and we lay off 14 units; and so on 
for each of the other figures. We now 
draw a curved line which shall pass 
through these different points as 
shown in Fig. 3. This curve, by 
the distance of the different points on 
it from the center, shows the relative 
intensity of the light at the angle 
corresponding to that point. 


The advantage of this kind is that 
it appeals directly to the eye, and 
gives an idea of the intensity at every 
point at once, whereas a table of fig- 
ures at best can only suggest to the 





FIG. 3.—METHOD OF PLOTTING DISTRIBUTION 
CURVES. 


mind a comparison betweentwo values. 
Such a curve as we have drawn in 
this case is the curve distribution in 
the verticle plane. 

In the case of many light-sources, 
such as incandescent electric lamps, 
and flames, the intensity in the hori- 
zontal plane also varies, and may be 
represented by a curve in the same 
manner. In order that the curve of 


vertical distribution may be of value 


it is neccessary that it represent the 
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average value around the vertical axis 
at the angle in which it is taken. In 
the case of incandescent electric lamps 
this is generally accomplished by re- 
volving the lamp around its vertical 
axis while the measurements are being 
made. 

The curve of vertical distribution is 
very useful for two purposes, viz.: to 
show just what the strength of light 
is at any particular angle from the 
vertical, and to furnish a means of 
determining the whole quantity of 
light emitted. In using this curve, 
however, it must be carefully re- 
membered that it represents nothing 
more than what is claimed for it; that 
is, the intensities at the different an- 
gles. There is a tendency involun- 
tarily to assume that the size of the 
curve, or rather the surface which it 
encloses, is an indication of the quan- 
ity of the light given out, which, of 
course, is an absolute error. The curve 
showing the total quantity is of an 
extremely different character, as we 
shall see later. 

The term usually to signify the to- 
tal flux, or quantity of the light 
emitted, is “mean spherical candle- 
power,”’—a term which is exceed- 
ingly clumsy to use on account of its 
length, and probably more often mis- 
understood than otherwise. For ex- 
ample, it is quite natural to infer that 
mean spherical candle-power, or inten- 
sity, would be correctly expressed by 
finding the mean, or average, of the 
intensities in all the different directions 
of the curve of vertical distribution, 
and this meaning has even been given 
by technical writers. When compared 
with the actual meaning, however it 
will be seen to be a very wide error. 

In order to understand the subject 
‘ot total flux or spherical candle- 
power, we must first get a clear idea 
of quantity of light as distinguished 
from mere intensity. A light-source 
may be given an exceedingly high 
intensity with a very small spherical 
candle-power, or total flux; as, for 


exaluplee an electric -spatk.-. Or, to 
illustrate by another class of measure- 
ments which are anologous, intensity 
of light correspond to temperatures 
of heat. It is possible to have an 
exceedingly high temperature with a 
very small quantity of heat. A single 
drop of molten platinum is vastly 
hotter; that is, of higher temperature, 
than a ton of molten iron, but it is 
evident that the quantity of heat in 
a ton of molten iron is vastly greater 
than that in a drop of molten platinum. 
Quantity of heat is determined by the 
amount of material which can be 
raised to a certain temperature, and 
similarly, quantity of light is measured 
by the amount of surface which it can 
iboMiindtestpetora certain, decree of 
intensity, or brightness. 

In order to understand the meas- 
urement of light as to quantity, there- 
fore, it is necessary to study the meas- 
urement of illumination; and _ this 
brings us back again to the standard 
light-source. Taking the candle as 
such a source, and considering the 
horizontal rays only, the intensity of 
the illumination which it can produce 
will depend upon the distance of the 
surface from the flame. At one foot 
distance a surface in vertical position, 
that is, perpendicular to the rays, will 
have a certain brilliancy, or intensity. 
At two feet distance the surface will 
have, according to the law of inverse 
squares, one-quarter the intensity; at 
three feet one-ninth of the intensity, 
and so on. To obtain a unit of in- 
tensity, therefore, it is necessary to 
use a unit of distance in connection 
with the standard light-source. When 
the English system of measurement is 
used one foot is taken for the unit 
distance; that is, the illumination pro- 
duced on a surface one foot from the 
candle is taken as the unit, and is 
called a “foot-candle.” An illumina- 
tion of two foot-candles is then the 
illumination produced upon a surface 
by two candles at a distance of one 
foot 
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The Electrolytic and Metallic Arc 


By Isapor LADOFF. 


(Concluded: ) 2 


The light emission is not intimately 
connected with the electric conductiv- 
ity, but is a function of the tempera- 
ture of the arc. 

The supply of tons coming from the 
cathode. One must assume that the 
1onization process to be staple requires 
at each voltage a certain amount of 
current, and dies out when the current 
is’ lowered) below a certains damit 
There is strong evidence in favor of 
the assumption that the cathode is the 
electrode at which the primary genera- 
tion of tons takes place. 

As the melting point of the metals 
plays such an important part in the 
arc, we have given them in the accom- 
panying table. 

Grove claimed in 1846 that various 
metals produce arcs of different lu- 
minosity. He arranged the metals ac- 
cordingly in series, in which each 
foregoing metal is claimed to produce 
a more brilliant arc than the next fol- 
lowing metal, namely: K, Na, Zn, Hg, 
Peon Gus ous Pie ieheala 
exception of Ag and Au, the metals 
are arranged in the order of increasing 
melting points. However, we do not 
know whether Grove was aware of the 
fact or not. 

As the luminosity of the arc is inti- 
mately connected with the spectrum of 
the arcing material, we will say a few 
words concerning spectroscopy. 

Sir Norman Luckier’s hypothesis of 
inorganic evolution (London, 1900), 
is based on the fact, that the spectra 
of bodies are functions of the tempera- 
ture at which they are observed. Four 
distinct temperature stages are indi- 


cated by the varying spectra of the 
metals, which, taking iron as an ex- 
ample, are: 

I. The flame spectrum, consisting 
of a few lines only. 

II. The are spectrum, differing from 
the spark spectrum in the enhance- 
ment of some of the short lines and 
the reduced relative brightness of 
others. 

III. The are spectrum consisting of 
two thousand lines or more. 

TV. A. spectrum, “consistineo pas 
relatively very small number of lines 
which are intensified in the spark. 

At the temperature next lowest to 
that of the very hottest stars, we find 
metals in the state in which they are 
observed when the most powerful jar 
spark is employed. At a lower tem- 
perature still the metals exist in the 
state produced by the electric arc. The 
similar changes in the spectra of cer- 
tain elements, changes observed in the 
laboratory, sun and stars are simply 
and sufficiently explained on the hy- 
pothesis of dissociation. The verdict 
of the stars is, that, as in all previous 
human experience, a higher tempera- 
ture brings about simplification ; this is 
also the verdict of the ionic or cor- 
puscular thecry of matter. 

According to I. I. Thompson, the 
constituent to which the conductivity 
of the gas is due, consists of charged 
particles, the conductivity arising from 
the motion of these particles in the 
electric field (I. I. Thompson, Elec- 
tricity and Matter). The mass of a 
carrier of a negative charge must be 
only about one thousandth part of the 
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mass of the hydrogen atom, and is 
called a corpuscle. Whether we pro- 
duce the corpuscles by cathode rays, 
by ultra-violet light, or from incan- 
descent metal, and whatever may be 
the metal or gases present, we always 
get the same kind of corpuscles. 

The ratto of the velocities of the 
negative ion produced by an incandes- 
cent metal depends very largely upon 
the temperature, 1. e., the higher the 
temperature, the greater the velocity 
of ions. Corpuscles moving at a high 
speed through a gas make 1t lununous. 
Consequently, the higher the tempera- 
ture of vaporization, the more thor- 
ough will be the process of ionization, 
the more rapid will be the motion of 
the corpuscles, the more simple will 
be the spectrum and the more light 
will be developed. | 

The ionization takes place at the 
surface of contact between the metal 
and gas in the arc. There is a poten- 
tial difference between the metal and 
gas. In order to transfer the unit of 
negative electricity from the metal to 
the gas, work must be performed 
equivalent to the potential difference. 
The larger this potential difference 
will be the less electropositive will 
be the metal, the more energy must be 
expended for the dissociation, pro- 
ducing light, the less sensitive towards 
photoelectric influences will be the 
metal. This explains the fact that the 
most positive metals are the most sen- 
sitive photo electrically. 

While discussing the physical prop- 
erties of elements, we may point out 
here their comparative heat and elec- 
tric conductivity, having a marked ef- 
fect on the phenomena of the arc. 

The heat conductivity of carbon is 
about 37 times weaker than that of the 
poorest conductor of heat among the 
metals, 7. e., its heat resistance is 37 
times stronger. 

Theselectric resistance: constant ‘of 
carbon is variable between 100 
and 1,000 in ohms. Table 4 gives 
the specific resistance of * metals 


calculated according to Landolt and 
Bernstein. 


The electric conductivity of metals 
is almost proportional to heat con- 
ductivity (Wiedman and Franz). 
Lorenz finds that in metals at o de- 
grees just as well as at 100 degrees C. 


ii is nearly constant with good con- 


ductors. However, with poor conduc- 
tors this ratio grows with diminishing 
conductivity. 


The average value for is 4. 


Care 67 ea Hein, whe Oak, 
£0. == ik 107 17, ry 1.8 1.8 
Arc light carbons = 0.493 to 0.367. 
reais s k == -2070/80 110; ao 


146,032) 10". 
‘6 6c (3 £ = 1.844 10° to 
2.509 10°. 
TasiLe No. 4. 


Speciric RESISTANCES OF MetTALs CALCU- 
LATED ACCORDING TO LANDOLT AND 


BERNSTEIN. 

Metals. f A f 
Aluminum .. 0.05 -+0.0039 
Antimony =.5....9.. 80:5 +-0.0041 
Peachy, Sst heater: 0.22 —0.0041 
Cadmiunta-cwn2 0.07 +0.0041 
Irons 6 oe 0.1-0.12 +0.0045 
Golde 0.02 +0.0032 
Copper «4,-4.5. 0)18-0.010 -+-0.0039 
Magnesium 0.04 0.0039 
Nickel 3.2. <3. 0.15 -+0.0037 
Platiauin rc. 0.12-0.16 -+0.0024--++0.0035 
Merctry. ues. 0.95 -++0.00091- 
Bisitith ee T2 +0.0037 
Zi Cpe tren cctee 0.06 0.0042 
SP itteen cae 0.10 -++0.0042 
Carbon .... 100-1000 -+0.0003-—0.0008 
Silicon ........0.016-0.018 -++0.0034--++-0.004 


= the electric resistance constant of 


carbon variable between 100 and 1000 in 
ohms. 


A i = the change of if for each degree 
in parts between o° and 30°. 


The ability of metals to conduct 
heat is very nearly the same as their 
ability to conduct electricity. The or- 
der of metals in these two series is al- 
most identical. Further, the specific 
conductance of heat is almost analo- 
gous to the specific conductance of 
electricity. Table 5 gives.the ther- 
mal resistivity of various materials 
ill C. 2) SS. Shai. caloricseitmits asalce 
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the thermal conductivities in units 
which are reciprocals to resistance. 

Metals melting at a comparatively 
low temperature and showing a high 
affinity for oxygen are non-arcing. 
The products of oxidization of metals 
are in many cases very poor conduc- 
tors of electricity, as for instance of 
aluminum and magnesium. Being 
good conductors of heat the gases 
comprising the luminous arc cool 
down rapidly. Hence it is a great 
deal harder to relight an extinguished 
metallic arc, than a carbon arc. The 
good conductivity of heat by metals 
is especially troublesome in alternating 
Current. arcs. 


Taste No. 5. 


TABLE OF THE THERMAL RESISTIVITY OF 
Various Metrats IN GRAMM CALORIES 
Units, ALSo THE THERMAL CoNDUC- 

TIVITIES IN UNITS WHICH ARE RE- 
CIPROCALS TO RESISTANCE. 


ie ee S| eT 

cA os ou a 2 

M Sr eee oe 

etals. ae .ee) 

ne) . wo 2 : & n 

Boe ese 

sok Se eae 
Silver (Os) coarewec toe. 1.10 0.91 
Copper COnBtON 30). 0.92 1.09 
commercial ... 0.82 1.22 
NPAC TICSIUIN oie heres 0.38 2.63 
Aluminum (alae Nal Sean 0.34 2.94 
(100° ) 0.36 2.35 
PING MMS eek ood ort Be 0.30 Nea 
DAT OEE ce). ie ae She 0.15 6.67 
(Samii 60-3) 2 feo 0.20 5.0 
Iron, wrought (0°).. 0.12 4.76 
_ 100°) 0.16 6.25 
ae eae (200° ) 0.14 7.14 
TSG a dg GOL obit le se os 0.084 II.19 
Pie iely a OTe PORN a 0.076 13.16 
Antimotiv (O°) ee oo. . : 0.044 2275 
Mercury Claes e 0.019 52.63 
ClOGw kere ee 0.024 41.67 
Bismuth (20 oe cas... 0.018 55-55 


The Voltaic arc is characterized by a 
considerable fall of potential between 
the electrodes, a fall which shows, 
that the production of the arc requires 
a considerable expenditure of energy. 
This difference of potential depends 
upon the nature of the electrodes as 
well as on the diameter and on the 
length of the arc. 


It is given according to Edlund by 
therequationey c= y..epitis-ple a sand 
“b” being constants and “1” the length 
of the arc. “a” is an electromotive 
force opposed to the direction of the 
current. ds known resistance to the 
passage of the current plays an im- 
portant part im the production of the 
voltaic arc, the fall of potential takes 
place principally at the passage of the 
current from the positive carbon to 
the mr in the carbon arc, and from the 
negative electrode into the air in the 
metallic arc. The potential remains 
constant in the layer of gases included 
between the two electrodes even at a 
considerable distance from the axis. 
This discontinuous variation of poten- 
tial only takes place with carbon elec- 
trodes, and is not found with metallic 
electrodes. 

Ve Von Lang™(Wied. An. 321, “p. 
384, 1897) determined the tension of 
different metallic electrodes and ex- 
pressed them by means of Froehlich’s 
formula. The constant “a” in. this 
formula called by V. Von Lang the 
counter electromotive force of the arc, 
represents the tension below which no 
arc can be maintained. | 


Constant Melting 

Metal. Wee Point. 
Platine 27.4I—1.16 1775 
Nickels eos. 26.18 —2.95 1350 
LeOne wes. een 25.03—2.16 1400 
Coppers ia seuss. 23.86—1.33. 1034 
TABOD ae tae 19.86—2.27 403 
Silvera oat ak 15.23—0.45 950 
Cadmium . 10.28—3.28 320 


With the exception of silver the 
constant “a’ imcreases in direct pro- 
portion to the point of fusion. 

For carbon, having the highest 
melting point, the constant “a” is the 
highest, namely: 40 volts. Titasiviim 
ought to have a constant “a” near to 
ity seuay ands Monash .[ Arch. -d. [a 
Phrysset.Nat. (Geneva) > (14);,.15,.15, 
ITI, 1903], found that when the length 
of the arc and the current of the me- 
tallic arc are kept constant, the elec- 
tric tension is higher in proportion as 
the atomic weight is higher. Table 6 
represents the data procured, when the 


current was 0.24 amperes (alternating 
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period, 47 per second), and an arc of 
5 mm. length was maintained. 


Schulzes( Diss. eelanover 275 2Glap. 
25-31), demonstrated, that the groups 
of the periodic system possessing 
higher atomic weights and Ingher 
melting pints are distinguished by a 
comparatively high drop in potential 
at the arc, and especially a larger re- 
sistance of the anode. Schulze claims, 
that within the same group the loss of 
tension in the arc is decreasing with 
the increase in the atomic weight (Al- 
kaline earths). 

As the metallic arc in the open air 
is a result of incandescence due to 
both the resistance to current and 
chemical causes due to oxidization, 
the study of mercury are in a vacuum 
is highly instructive. 


TABLE No. 6. 


TABLE OF DaTA PROCURED ON THE ELECTRIC 
TENSION OF THE METALLIC ARC. 


Metal. Atomic Wt. Tension. 
Ce RN ee ce 12 640 
Mig esr ae 24 700 
Fe Sugeest or teen 55.9 850 
Niteiaeseo hans 58.6 850 
CA nea eae 63.2 870 
DE te ee ten ae 107.7 goo 
(Gr are re creas TIS. 725 
Pile ee ee 194.3 1000 
AAS ec ee 196.7 1040 


D. E. Weintraub claims that the re- 
sistance of the arc can be considered 
as inversely proportional to the cur- 
rent. In contradistinction to the or- 
dinary arc of carbon, the voltage of 
the mercury arc varies in the same 
sense as the current. He distinguishes 
three kinds of mercury vapor in the 
arc stream; one ionized and conduc- 
tive, the other non-conductive, but 
light emitting, and third, non-conduc- 
tive and non-luminous ordinary mer- 
cury vapor. 

The material of the anode does not 
seem to affect the nature of the mer- 
cury im the least. 

The luminosity 1s a function of the 
temperature of the gases forming the 
arc. In connection with this conclu- 
sion Child’s data concerning the com- 
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parative resistance of the metallic elec- 
trodes is of great interest. 


Resistance Resistance 


Metal. of Anode of Cathode 

in Volts..c° 1 Volts: 
ZEN atone tae 12 14 
Tron en = fates [2 15 
COppere areas II 14 


Certain compounds possessing high 
vaporization points may be used as a 
source of light. The first attempt in 
the direction of utilizing highly refrac- 
tory material for light-giving purposes 
was made by Jablochkoff, whose 
“candles” at one time aroused the in- 
terest of all the civilized world. Nernst 
perfected this idea in the shape of his 
well-known filament. As with the 
metallic arc the cathode is the active 
element. The fact, that highly refrac- 
tory compound bodies are conductors 
of the second class, 1. e., that they be- 
long to the category of bodies conduc- 
tive only at comparatively high tem- 
peratures, rather limits their useful- 
ness. 

Let us now recapitulate the princi- 
pal points of difference between the 
carbon or incandescent arc and the 
metallic and luminescent or electrolytic 
arc, and also the flaming arc. 

The carbon. arc concentrates the 
half of its light in one point of the 
positive. electrodey called? thesicrater, 
while the negative electrode remains 
more or less passive. .The lower 
electrode obstructs the most luminous 
part of the arc and hinders the uni- 
form distribution of light. The new 
lamps for impregnated carbons are 
constructed with the intention of eli- 
minating this effect by returning to 
the Jablochkoff scheme of parallel 
carbons. 

The luminous. arc- has) no =pre- 
nounced crater. All the arc is lumin- 
ous and emanates from the lower neg- 
ative carbon, while the upper positive 
is more or less passive and not con- 
sumed in the process of light giving. 
We may say either that the current is 
reversed against the arc or that the 
ions work against the current. The 
absence of an obstruction leads to a 
better distribution of light. About 


and fluctuation of the 
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55% of the light is distributed be- 
tween 0 and 20 degrees and about 20% 
below the horizontal line. The effi- 
ciency of the metallic arc of the elec- 
trolytic arc is a great deal higher than 
the efficiency of the carbon arc. The 
products of oxidization of carbon 
arc are gaseous, while of the metallic 
or electrolytic solids. 

Numerous attempts to combine two 
oxides of which one would act as a- 
conductor and the other as a light pro- 
ducer failed. 

The magnetite lamp, so eed is an 
example of such attempts. The elec- 
trode is an iron tube filled with 
a powdered mixture of about 25% 
titanic acid, about 5% iron chromate 
and black oxide of iron with some 
potassium fluoride. 

In order that “magnetite” be able to 
compete with carbon pencils, it must 
have the following properties: 

The mass of the pencil must be ho- 
mogeneous, and compact throughout 
every part of the pencil, in order to 
give a steady, luminous and uniform 
arc. The necessity of homogeneous- 
ness is apparent from the following: 
Take, for instance, a copper rod, solid 
all through, and compare it, with a 
copper tube filled with copper filings 
of different sizes: 

Now, the difference in the conduc- 
tivity between these two bodies will be 
striking (leaving out of the comnari- 
son the conductivity of the tube whicn 
contains the filings). This difference 
in conductivity must prove a great 
disadvantage in the case of the tube 
filled with filings, for the reason, that 
the lower conductivity of the filings 
will tend not only to increase the ex- 
penditure of energy necessary for the 
production and maintenance of the 
arc, but will cause constant flickering 
incandescent 
Sases, in’ the effort of the current to 
overcome the varying resistances of 
the different particles having various 
dimensions and separated from each 
other in varying distances. 

In order to overcome the high and 
varying resistance of the so-called 
magnetite powder, they, the manufac- 
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turers have been obliged to use an iron 
tube not only as a means of enveloping 
the powder but as a means of conduc- 
tivity. The result is, an increase of 
fluctuation, of the arc, due to its ten- 
dency to seek the path of least resist- 
ance, which is in this case, the iron 
tube, consequently the arc changes its 
nature entirely, every time it moves 
from the tube to the “magnetite” 
powder. It is self-evident that an iron 
arc is highly undesirable. 

If the arc was produced from a ho- 
mogeneous body, for instance, mag- 
netite, titanic acid, titanium carbide, 
or iron chromide, the arc would be 
homogeneous as to its nature and 
color. Even in the case of these dif- 
ferent ingredients being thoroughly 
mixed with each other to a more or 
less homogeneous powder and by me- 
chanical or other means, compressed 
into a solid body, without the use of 
the iron tube, the arc produced under 
these conditions could not, by any 
means be of a definite homogeneous 
type and color. But when these bod- 
ies are only loosely packed in an iron 
tube, the arc must be a composite arc 
of all these varying bodies, result- 
ing in a continuously conflicting are 
between the component elements. 

In order to eliminate the undesirable 
properties of the so-called magnetite 
pencils, it is necessary to consider: 

Ist. That the chemical composition 
of the body of the pencil should be 
changed so as to make it homogene- 
ous. 

2nd. ‘The physical condition of the 
pencil should be changed to make it 
compact and conductive without the 
aid of any contrivances in the shape of 
a tube. 

3rd. Magnetite itself is a compara- 
tively poor conductor of electricity, 
and gives an arc of low luminosity 
and undesirable color. 

4th. Magnetite contains gangue 
which is not easily removed and pro- 
duces undesirable results in the arc. 

5th. There is constantly occurring 
in the magnetite arc a higher oxidiza- 
tion into red oxide of iron whicn 
again lowers the luminosity of the arc. 
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6th. Titanic acid is a very poor 
conductor of electricity. It may be the 
only element in the body of the pencil 
which is desirable, as a light. pro- 
ducer. However, taking into consid- 
eration its high resistance, the quan- 
tity that can be added to the pencil is 
rather limited; consequently the lu- 
minosity of the pencil due to the pres- 
ence of titanic acid cannot be raised 
above a comparatively low luminous 
value. 

7th. Titanium carbide is decom- 
posed in the arc and consequently can- 
not give a desirable light. 

Taking all in all the so-called mag- 
netite pencil cannot be by any means 
made a success as a light-producing 
agent, leaving aside all question of 
lamp mechanism, cost of trimming, 
etc. Baking the mentioned ingredti- 
ents into a solid pencil gave more 
satisfactory results. 

Among all metals titanium fur- 
nished the best material for are light 
electrodes. Next to iron it possesses 
the richest spectrum as far as the num- 
ber of lines is concerned. Titanium 
excels all non-rare metals in the na- 
ture and extent of the light-giving 
part of the spectrum. Thalen counted 
201 lines in the red part of the spec- 
trum out of 6,556, about 4,163 in vio- 
let. Liveying and Denar counted be- 
tween the same four new ones and 
Corner twenty-five in the ultra vioiet, 
together 230 lines. In the red part 
are only two, in the orange 17, in the 
yellow 32, in the green 70, in the blue 
35, in the indigo’ 45, ine the violet 4 
lines. 118 are Frauenhoffer lines 
recognized in the photosphere of the 
sun. 32 of these are artificially re- 
stored by Liveying, and Dewar to 
their actual state. Being a poor con- 
ductor of electricity, titanium can be 
used advantageously as material fer 
arc-light pencils only in its combina- 
tion with a metal having a compara- 
tively high electric conductivity as 
iron, copper, etc. The combination of 


titanium or any other luminiferous 


body of low electric conductivity with 
a metal having a high electric conduc- 
tivity but poor luminosity 1s what the 


writer of these lines claims as his in- 
vention. Any mechanical mixture of 
titanium compounds with more or less 
conductive bodies, for instance, a me- 
chanical mixture of rutile, with mag- 
netite, must necessarily fall short of 
the requirements of a good illuminant, 
as is demonstrated by the so-called 
magnetite lamp. | 

The electrode of the magnetite 
lamp represents an iron tube filled 
with about 25% of titanic acid, 
some chromate of iron and potassium 
fluoride and magnetite. The lght- 
giving element is, of course, not the 
magnetite, but the rutile. The chro- 
mate increases the life of the pencil, 
while the potassium salt quiets the arc. 
That the presence of so many ingredi- 
ents in mere mechanical combination 
must produce an undesirably compiex 
electrode is self-evident. 

Experiments with reduction of the 
surface of these electrodes or electro- 
plating it with iron or copper to tmn- 
prove the properties of the pencils 
failed. The partial reduction undoubt- 
edly increased the flickering and un- 
steadiness of the arc and did not in the 
least reduce the extreme brittleness of 
the pencils. The proportion of the 
ingredients used for the manufacture 
of the solid pencils was about 80 parts 
of magnetite or scale, about 20 parts 
of hematite and about 7 or 8 parts of 
titanium oxide. . More than 9 ar “16 
parts of titanium oxide could not be 
added to the mass of the electrodes. 
without producing a very unquiet and 
flickering arc. The ingredients were 
finely pulverized in ball mills and then 
mixed with water, glycerine or similar 
binding material in paint mills during 
48 hours. The thoroughly mixed mass 
was freed from excessive moisture by 
the means of revolving cylinders 
heatéd: by steam ot be. plastics mass 
was then moulded into pencils under 
a pressure about 500 atmospheres by 
the. aid. iof “a Nydragiic press. ol ne 
pencils were gradually dried at first 
in the air, then in an air bath. at. a 
temperature not exceeding 5,000 or 
thereabouts. Finally the pencils were 
fired gradually in a gas furnace at a 
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temperature not exceeding 1,200 de- 
grees 10-1 3;000) degrees C.-_E-xperi- 
ence showed that the firing of the elec- 
trodes at a comparatively higher tem- 
perature increased the luminosity but 
shortened the life of the pencils. A 
slight addition of boric acid to the 
mass of the pencils seemed to lengthen 
their life and impair their luminosity, 
which was probably due to some chein- 
ical combination (slag) or boric acid 
with the oxides. The addition of other 
chemicals intended to quiet the arc, 
as, for instance, potassium titanite, 


potassium carbonate, etc., appeared to 


me to produce no results whatever on 
ihe-arc: 

The resistance of the baked pencils 
of about 0.5 inch in diameter and five 
inches long is from 44,700 to 624,800 
ohms. When covered with a thin 
film of graphite the resistance of the 
same electrodes fell to 4.88 ohms or 
6.24 ohms. 

In order to determine the difference 
in the behavior of the pencils accord- 
ing to their conductivity, a number of 
them were partially reduced in carbon 
at 1,150 degrees C. Their resistance 
varied from 11 to 28 ohms. Pencils 
heated without carbon at the same 
temperature at the same time showed 
a resistance varying from 594,000 to 
9,830,000 ohms. As the degree of re- 
duction seemed to me to play some 
role in the arc—I made a few experi- 
ments to determine the influence of 
the process of oxidization in the arc. 
Electrodes for these experiments were 
prepared in the usual way and manner. 
One batch contained the usual pro- 
portion of hematite and magnetite. 
The second batch did not contain any 
hematite at all. The third batch did 
not contain any magnetite at all. All 
of these three batches contained an 
identical quantity of titanium oxide 
(of 7.5 parts), and all were treated at 
the same time under exactly the same 
conditions, as far as practicable. The 
most luminous arc was produced by 
the pencils containing only magnetite 
and titanium oxide. The least lu- 
minous arc was produced by the pen- 
cils composed only of hematite and 


titanium oxide. 


The mixture com- 
posed of 80 parts of magnetite and 
twenty parts of hematite produced an 
arc of medium luminosity. As hema- 
tite. represents the final product of 
oxidization of iron, the conclusion was 
near at hand that oxidization is a fac- 
tor favorable for the luminosity of 
the arc, 1. e., the more space there is 
left for the oxidization of the material 
of the electrodes in the arc, the higher 
must be the luminosity of the arc. For 
the purpose of verifying this conclu- 
sion, additional experiments were con- 
ducted. Electrodes of the identical 
batch were subjected to various de- 
grees of reduction and the luminosity 
of their arc tested. In each case the 
more reduced pencils gave a higher 
luminosity and the luminosity of the 
perfectly reduced pencils was about 
double that of the luminosity of the 
non-reduced pencils of the same batch. 
A batch containing 50% magnetite 
and 50% titanium oxide were sub- 
jected to various degrees of reduction 
with the following results: 
Well reduced pencils produced an 

arc of a luminosity equal to...1271 cp. 
Partly reduced pencils produced an 

arc of a luminosity equal to...1000 c.p. 
Poorly reduced pencils produced an 

arc of a luminosity equal to... 868 cp. 
Not reduced pencils produced an 

arc of a luminosity equal to... 700 cp. 

All these are horizontal measure- 
ments. The current used was a di- 
rect one of 150 volts, 3.4 amperes, with 
105-110 volts drop across the arc. The 
volts of the standard were 30.1 of 
OBt ep: 

The reduction not only about 
doubled, the efiiciency of the are, but 
allowed the use of high percentages of 
titanium oxide in the mass of the pen- 
cils. In the non-reduced or partially 
reduced pencils an addition of about 
Io parts of titanium oxide was ex- 
cluded, because it caused the arc to 
fiicker to such an extent that no photo- 
metric reading could be taken with any 
degree of accuracy, if at all. The arc 
of the reduced pencils did not flicker 
very badly when even as high as 
90% of titanium oxide was used in ad- 
dition to 10% of magnetite as the 
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mass for the pencils. There appears, 
however, to be a limit beyond which 
any further addition of titanium oxide 
is hardly advantageous. The maxi- 
mum efficiency of the arc is obviously 
not the only thing to be considered in 
our case. The best result I obtained 
was with pencils containing about 
50% of titanium oxide or 50% mag- 
netite. “The perfectly reduced ‘elec- 
trodes are“ metallic ‘through and 
through, harder than tool steel and 
take an excellent polish. When ready 
for use they look like ordinary steel 
cylinders. | 
Obviously, any luminiferous sub- 
stance may replace the titanium oxide 
and any metallic oxide the iron oxide. 
For instance, magnesium oxide could 
be combined with an oxide of copper 
and then reduced to metallic state. 
One more step in the ‘direction’ of 
perfecting the metallic-electrolytic arc 
was suggested by my work in that lire, 
namely: that an alloy of titanium with 
a well conducting metal like iron, cop- 
per, etc., would furnish an ideal ma- 
terial. However, I had considerable 
trouble in getting titanium alloys. 


After many months of futile corre- 


spondence with various chemical deal- 
ers, metallurgists and general chemists, 
I finally was brought face to face with 
Dr. A. Rossi. This gentleman spent 
a great deal of work, time and money 
in his successful attempt to manufac- 
ture ferro-titanium, copper titanium 
and other titanium alloys on a com- 
mercial scale. Dr. Rossi owns a num- 
ber of patents protecting his process of 
manufacturing titanium alloys and be- 
sides this, owns an exclusive right on 
titanium alloys “as a subject of manu- 
facture.” The chief market for his 
ferro-titanium is comprised by the 
iron and steel trade, titanium having 
the property to purify and harden the 
iron and steel. 

After having procured from the 
above-named gentleman various sam- 
ples of titanium alloys, I prepared pen- 
cils out of them and tested their fit- 
ness for the electric arc. The results 
more than justified my expectations. 
Comparatively small quantities of 


titanium alloyed with other metals ob- 
scure the spectrum of the last and pro- 
duce an arc, whose luminosity is en- 
tirely out of proportion to the quantity 
of titanium contained in the mass of 
the pencils. 

Alloys of other metals, whose ox- 
ides are distinguished by their higher 
luminosity in the arc, as for instance, 
magnesium, zirconium, etc., with non- 
luminiferous but conductive metals 
produce similar results. I feel, there- 
fore, justified to believe that my work 
here briefly outlined opens a new field 
for the metallic or rather the metallic- 
electrolytic arc, as a source of hght of 
the future. 

In order to ascertain the technical 
value of my invention, I investigated 
a few samples of my arc light pencils. 
The samples were designated as fol- 
lows: 

B—2 pieces 
ferro-titanium. 

C—1 piece marked 41 L—30% ru- 
tile, 70% magnetite. 

E—¥4” national 
moulded. 

The tests of the pencils were con- 
ducted at the laboratory of the Lamp 
Testing Bureau. 

Tests were first made in a hand-fed 
arc lamp on asdirect currentacicem: 
from a storage battery of 60 cells, 
giving 120 volts, approximately. Ow- 
ing to the peculiar nature of the arc, 
it was found impossible to maintain 
an arc in this style of lamp much above 
3%” in length, and from 48 to 55 volts. 

The results of the candle-power 
measurements and life tests of the 
ferro-titanitnn (0B). and: rutiles GG.) 
pencils as well as test made on a plain 
open arc domestic carbon, are sutn- 
marized in Table 7. These tests are 
principally valuable as illustrating the 
nature of the pencils, and relative illu- 
mination and life as compared to an 
ordinary carbon when operated under 
the same conditions. The results as 
tabulated are the averages obtained. 

The average results given were 
mostly obtained with a positive carbon 
pencil above. The results with a posi- 
tive copper pencil above were slightly 


marked F.T.—80% 


plain carbon, 
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lower in candle-power, but not materi- 
ally so, and were averaged with the 
other results obtained. 

The positive copper pencil is evi- 
dently not consumed in the arc when 
used in connection with the titanium 
pemeiisan et heres.is -4 rslicht. loss: in 
weight, probably due to oxidization 
and sealing at the surface of the cop- 
per owing to its high temperature. 

The rutile pencil was further tested 
in a constant potential arc lamp oper- 
Stine sonia Cultent, of 4.5 afuperes, 


tile pencil (C) was placed below ordi- 
nary carbon above, and the test made 
first with the carbon as a negative 
and then with it as a positive. As the 
rutile pencil could not be placed in the 
upper holder in the lamp for purposes 
of comparison, a further test was 
made in the hand-fed lamp, using ru- 
tile pencils both above and below with 
the upper pencil positive. ‘Two sets 
of measurements were made, one at 
60 volts, approximately, and the other 
at 70 volts. The results are tabulated 





approximately, [nm this lamp the ru- in Table 8. 
TasLe No. 7. 
Resutts oF Tests iN Hanp-Frep Arc Lamp. 
i Be Mt Ge C5 ee 
At 3.5 Amperes. Ferro Rutile. Plain 
Titanium. Carbons. 
Wea. spherical candle=poweri, Vas. s. esis. 510 283 84 
Wiattss per CandieepOwel 2 o4.045. soe eas. sess -579 a7Ok 2.5 
ENTE Y | Of) RO At Ot ee tn ca ge ae anor B55 25 
WOT, SABE oe Reon re hee tee se a 48 .3 55.8 49.1 
Vici Lis geet eee sere trsee thts stand hat goes diated wo © 169.4 195.4 171.4 
Length of arc, inches (estimated).......... 375 52 125 
Pite- Or le eatives its; Per inchs ... see ess oles 3.85 1a 2.8 
Ps eO me DCCL ICH .CSiiuriis siaG ts oe eh etree 3s e5y, 52 .50 
Iesistancemper- INCN-——OHIMS... 652 ..265. ees .00164 .00284 .0846 
WHCIOrt ape = MICH sO TAmMes «0 5. Sc cs wae ss 5 9.04 1433 4.83 
At 6. 6 Amperes. 
Meanrsphterical candle-power. .. oio.0.5 62 .. 968 727, 243 
WNiAttSe Pet CANE CoDO WET ie ace als Che ccce 5 4.caices 341 .436 1.35 
PED Che SUmMea ae ee erate em che or EAA So son, vines 6.6 6.6 6.6 
BU SUES Bete oo Neo ee MAR Coe 49.5 48.7 50.1 
INE geS= se oie ak i Sites nN ee aes 820.7 221.4 330.3 
Length of arc, inches (estimated).......... . 400 3795 .180 
Pitesoicnegativie, Nrs.. pek. INCH...) .. 26 eee PT 1.96 177, 
At 9.6 Amperes. 
Mean spherical candle-power............... 1135 Fused ex- 485 
Watts pemicandle-power. 02s suva.s. cc eye esn 330 cessively .986 
PTET TAOS ae ie Sinks ee OCS ne 9.6 with 9.6 9.6 
AGL RE See ee ee i tee eee Rie eee 30 amperes. 50 
WN Sept EGE May dacs Sis a PG es IA aE Bi ne os AIST = emerge gare 480 
Renetivor are. inenes. (estimated) 222.24. . .. OU area we) Ma eeny, 5 ea .190 
TasLe No. 8. 
ResuLTs OF TESTS WITH RuTILE PENCILS. 
Carbon Carbon Rutile 
At 60 Volts. Upper — Upper + Upper + 
Rutile Rutile Rutile 
Lower + Lower — Lower — 
Mean spherical candle-power....:.#...3+. 54.4 448 624 
WV AtEsHDCICanGle-DOWEI G: ..t. 2 Je 2 hand we ceed 61 AI 
LGPL AYER Brn GAO A 4.52° 4.18 4.25 
MUGS R IS 5 saab cece eee e nar one 62.8 62.8 61.2 
ANS sis MU.” 7, Rea en ea ae oa oe Ae ea era 283.9 270.9 260.1 
Teneeimot-arca estimated), inches... ..... 75 75 .70 
At 70 Volts. 
Mean spherical candle-power............. 46.9 590 IOI5 
WV AEeSmper CanGie-pOWer..s.i.s.sses00s5 6.63 .56 .30 
PST OR Ao ae Rg ae a 4.35 4.35 4.30 
WEE US ETS 6 wu done er 71.5 72 70 
VIAL ue I BREET RD Eo, 0. o cisialevere «oes Hebe 2am 314 301 
Length of arc, inches (estimated)........ 875 875 a5 
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The light distribution in the tests of 
the ferro-titanium, rutile and carbon 
pencils at 3.5 amperes and from 50 to 
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FIG. I.—DISTRIBUTION CURVES OF FERRO-TITA- 
NIUM, RUTILE, AND CARBON ELECTRODES 
TN) VAS ELAN DD -EEED VARCG CAEP: 


55 volts are ‘shown ins Fic. ote 
The licht) distribution, of the= test 
of the rutile pencil in a constant 
potential lamp at 4.2 amperes and 
FO. “VOUS) Wise showin dling: a2, 

All candle-power measurements 
were made on the arc photometer de- 
signed by Prof. Matthews. The life 
of the results is computed from a 
burning test of from one and one-half 
hours to two hours, the pencils being 
first burned to share and then weighed 
in a chemical balance before and after 
thieltest; 

For the purposes of comparison I 
have plotted on sheet 2 a curve “F” 
taken from the report of Prof.-C. P: 
Matthews, included in the report of 
the Committee on the Photometric 
Measurements of Arc Lights to the 
National Electric Light Association, 
May 20,1002. . This) curyes-is= the 
result of many measurements and 
represents series enclosed arc lamps 
in common use in this country for 
street. and imterior -allumimation. 
The measurements were made on 
a “constant “currents \Otse@ro0 sain 
peres with 70 volts at the arc, with an 
opalescent inner and a clear outer 
globe. In interior illumination an opal 
or an opalescent outer is usually sub- 
stituted for a clear outer. The constant 
potential enclosed arc lamp is also 
used for inside illumination, but its 
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light distribution curve for the same 
energy consumption does not differ 
from that shown. 

The series enclosed arc lamp gives 
303 mean spherical candle-power at 
476 watts or 1.57 watts per mean 
spherical candle-power. They burn 
approximately 1o hours for one trim- 
ming. 

The light produced by ferro-tita- 
nium and rutile (oxide of titanium and 
magnetite), pencils is a pure white as 
judged by the eye. The spectroscope 
shows the entire solar spectrum with 
especial brilliancy in the bright yellow 
portion and the neighboring light 
eteen wand: -orange, «?Lhe ‘sizer and 
length of the arc, which produces most 
of the light, softens the sharpness 
characteristic of the open carbon arc. 

The arc itself presents many pecu- 
liarly characteristics and assumes dif- 
liar characteristics and assumes dif- 
tions. The normal arc with a positive 


=> 
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copper or carbon pencil above and the 
ferro-titanium or rutile pencil below is 
approximately 4/8” in length at from 
50 to 55 volts, and increases to 3/4 or 
7S -ate7O Volts. 1t-is from 3/32" to 
1/8” in diameter and seems to ema- 
nate from the titanium pencil. At the 
higher voltage the arc is very unstable, 
and is easily broken. At from 50 to 
55 volts the familiar sound of a “hiss- 
ing’ carbon is produced. As the volt- 
age and the length of the arc is in- 
creased, this sound is diminished and 
the only sound produced is the one of 
escaping steam, but this is not of ari 
objectionable character. 

Under both the above conditions of 
operation, the point of contact of the 
arc with the upper and lower pencils 
is constantly shifting, which causes a 
flutter in the light emitted. The ob- 
jectionable features of this are largely 
eliminated with a long arc, and prob- 
ably would be unobjectionable with 
the arc protected by an opal or opal- 
escent globe. 

The life tests were made at from 50 
to 55 volts, a much lower voltage than 
that at which the pencils are designed 
to operate. Therefore, while these 
tests are indicative of the results to be 
expected at 100 volts, the life at 100 
volts cannot be predicted upon them. 
From these results, however, and from 
actual tests made with the necessary 
special apparatus by Mr. Ladoff and 
certified to by others engaged in the 
tests, it seems safe to estimate the life 
of a rutile pencil 1%4” in diameter, to be 
from 10 to 12 hours per inch—perhaps 
higher. 

There should be no difficulty, there- 
fore, in proportioning the size and 
length of the pencil to attain a life 
of 100 hours, the normal life of the 
enclosed carbon arc lamp with one 
trimming. As the arc under proper 
conditions can be maintained at from 
34” to an inch in length, by increas- 
ing the diameter of the titanium pen- 
cil, the. burning hours for one trim- 
ming, could be very materially in- 
creased. I am informed that this has 
actually been done and a very much 
higher life obtained. 


As already mentioned, when the ti- 
tanium pencil is made the negative 
and placed below, at 70 volts, the arc 
is from 34” to 7%” long and about 
¥g” in diameter, and of an unusually 
white color, slightly more light being 
produced at or near the surface of the 
electrodes, owing to the concentration 
of the arc and the incandescence of 
the surfaces. The arc itself is clean 
cut and well defined, and is a true arc 
and not a flaming arc, as is generally 
understood by that term. The same 
results were obtained with either a 
copper or carbon positive. As already 
mentioned, the arc fluttered and 
shifted constantly. The apparent trend 
of the arc and the gases and material 
carried by it was, under normal oper- 
ation, from the negative to the upper 
positive pencils. Under the same 
current reversed, that is, the lower 
titanium pencil made the positive, an 
arc of entirely different character was 
obtained. The diameter of the 
arc was increased from 1/8” to 1/4” 
or 5/16”. At the same voltage the 
length was also slightly increased, ap- 
proximately to one inch. The “flutter”’ 
noticed as above mentioned was ab- 
sent, although the arc lazily shifted 
from one point to another. The di- 
rection of the arc still seemed to be 
from the lower positive to the carbon 
or copper negative above, but pos- 
sessed but very little illuminating 
power, and had a decidedly reddish 
tinge. Frequently, for short intervals, 
the arc became suffused with the white 
light characteristic of titanium. On 
account of its steadiness, lack of 
“fluttering” and very large diameter 
and length, the arc presents many at- 
tractive features. 

By placing the titanium pencils on 
both sides of the arc and making the 
upper electrode positive, a third arc 
of a distinctly different character was 
obtained, though differing from either, 
it seemed to be practically a combina- 
tion of the two above mentioned. The 
arc resembled an inverted cone in 
shape with the apex on the lower ru- 


tile negative pencil, and the base on 


the upper pencil. Through the cente1 
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ran a core fairly representing the arc 
obtained in the first case above mien- 
tioned. Around it was a zone repre- 
senting the second are described but 
increased in diameter to possibly 5/16 
or 3/8” and suffused with the white 
titanium incandescent gases. The arc 
as thus obtained was absolutely steady 
with no fluttering or shifting. Both 
upper and lower pencils were fused at 
their surfaces, but contrary to expecta- 
tions the moulten material from the 
upper pencil did not drop. The light 
is softened somewhat by the presence 
of what might be called the negative 
arc, but possesses all the color char- 
acteristics of the titanum arc. The 
measurements made of these three 
arcs have been given on page 45, from 
which it is seen that the candle-power 
efficiency is nearly doubled at 70 voits 
by placing the titanium pencil above 
as well as below. 

An efficiency of .3 watt per mean 
spherical candle-power, was obtained 
in this test, and it seems entirely prob- 
able that this can be improved. 

In Fig. 3 I have plotted the watts 
for mean spherical candle-power ob- 
tained at 50 volts approximately, with 
Y%" pencils, and at various current 
values. It is apparent from the curves 
there shown, that there is very little 






AMPERES. 


oe 
ss oe | ALS es 
Hoe 
ee eRe Se Ee 
NEB Re MB ee 


increase in efficiency resulting from 
an increase of current above 6 am- 
peres, under the conditions observed 
in the test, viz., with 1%” pencils and 
about 50 volts at the arc. 

in. Fiows 41 have plotted. the; re= 
sults obtained at 60 and 70 volts, with 
a rutile lower negative, and a positive 
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FIG. 4.—EFFICIENCIES WITH COMBINATIONS 
OF ELECTRODES. . 
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electrode of carbon and rutile respec- 
tively. Unfortunately the number of 
observations were not sufficient to con- 
struct a reliable curve, but the sheet 
indicates graphically the great in- 
crease in efficiency due to using a ti- 
tanium positive as well as negative, 
and from the direction of the curves, 
it indicates that an increased efficiency 
would be obtained at a higher voltage, 
especially in the case where the ti- 
tanum is used for both positive and 
negative electrodes. 
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FIG. 3.—EFFICIENCY CURVES FOR FERRO-TITANIUM, AND CARBON ELECTRODES. 
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The Illumination of the 


The only distinct form of archi- 
tectural design which has always been 
inseparably connected with a particu- 
lar use, is that known under the gen- 
etalustiticeron Gothic.» - “This. style 
arose in the early days of the Christian 
Church, succeeding the Roman modi- 
fication of Greek architecture which 
was used in the Basilica, as the first 
Christian Church edifice in Rome was 
called. 

Probably in no other class of build- 
ing has there ever been so great a 
devotional spirit given to the de- 
sign and construction as in the 
Gothic —Ghurch> especially *those ° of 
early dates. From the architect him- 
self down to the humblest workman, 
there was a spirit of religious devo- 
tion which wrought itself into every 
phase and detail of the building. The 
means of illuminating these edifices 
expressed this feeling of religious con- 
secration. , 

The following description of some 
of those early lighting fixtures is of 
interest historically, and may possibly 
suggest ideas to those having in charge 
the designing of churches at the pres- 
ent time. The description and illumina- 
tion are from “Histoire du Lunun- 
aire,’ by Henry-René d’Allemagne; a 
beautifully printed and illustrated vol- 
ume tracing the development of illumi- 
nation from the Roman epoch to the 
end of the nineteenth century. It was 
published in Paris in 1891, but is now 
exceedingly rare. 


TH HeEAREIEST FORMS OF CHANDELIERS. 


The oldest forms of chandeliers 
were constructed in the shape of a 
circle; and we have seen in the Cata- 
combs, the rota figuring among the 
apparatus used for liturgical illumina- 
tion. In the primitive church these 
chandeliers were of very moderate 
proportions, and were constructed in 
harmony with the edifices in which 
they were placed. These soon be- 
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Early Christian Churches 


came insufficient, however, and were 
later constructed of larger propor- 
tions to correspond with the magnifi- 
cence of the buildings. These 
circular chandeliers or “crowns” en- 
joyed their greatest vogue in the 
twelfth century, and the finest speci- 
mens of this class belong to this epoch. 
In the Middle Ages, these crowns 
were given various names, such as 
Corone, Phare, Circuli Luminum, 
Polycandele, etc. These fixtures were 
suspended from the arches of the 
churches, and supported a considera- 
ble number of wax candles or lamps, 
which, in the imagination of a poet 
of the time, “rivalled the glory of the 
stars.” 

We know that these “crowns” were 
for a long time in use in the Latin 
Church; a reference to them appears 
in a hymn of this period. These fix- 
tures were made of silver, copper, 
iron and wood. ‘They were usually 
in the. form. of a circle of greater or 
iess diameter, according to the num- 
ber-of lamps. to be used, and were 
suspended by one or more chains, gen- 
erally three. It is needless to remark 
that the lamps were small, giving a 
feeble illumination, in spite of their 
number. To produce a more impres- 
Siveweircct, ules ancients, used a oreat 
number of wax candles. From the 
specimens still in existence, we know 
that these crowns were ornamented 
with enamel, with glass bowls, with 
metal scroll-work, and with pendants 
which scintilated in the rays of the 
candles. 

One of the rare specimens of this 
class which is in existence at the pres- 
ent time is the famous crown of Aix- 
jaeChiapelleweo\e ain the case of the 
seven-branched candle _ sticks, the 
artists of the twelfth century derived 
the motif of their designs from _ bibli- 
texts; thus, all of these chandeliers 
represented symbolically the celestial 
jerusalem according to the vision of 
St. John. On this point, there is in- 
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disputable evidence in the form of 
an inscription which the Emperor 
Frederick Barberousse had engraved 
upon the chandelier of Aix-la-Cha- 
pelle: 


‘This fixture is in the form of a 
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in the shape of doors, which up to 
the time of the French Invasion, 
served as niches for silver statuettes, 
which have since been destroyed. The 
spaces cut out of the large medallions 
forming the base give reason to be- 































































































































































































































































































CHANDELIER IN THE CHURCH AT AIX-LA-CHAPELLE. 


circle, -made .ot. bronzes cideqwaud 
enameled; the inscription being en- 
graved upon the segments which di- 
vide it into eight lobes. In the reen- 
tering angles of these segments are 
placed. lanterns im athe, Stormo! 
round towers, with large openings 


lieve that these towers also contained 
lamps, whose light glimmered through 
the metal work about the figures. 
This fixture was intended to support 
forty-eight candles regularly between 
the towers which, as may be seen, 
are sixteen in number, eight square 
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ENGRAVED METAL PLAQUE FORMING BASE OF 
LANTERNS. 


and eight round. This interesting fix- 
ture is suspended from the center of 
the dome by a strong chain and orna- 
mented with polyhedrons of copper 
at the points where the chain divides 
to extend to the eight subdivisions of 
the crown. An iron ring which has 
the same outline as the crown is cov- 
ered on the exterior by a band bearing 
the inscription, and is painted on the 
interior in brown or yellow. . 
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ENGRAVED METAL PLAQUE FORMING BASE OF 
TOWERS. 


From the standpoint of workman- 
ship this crown would seem rather 
to have been made on this side of the 
Rhine than on the other. There is 
not a single portion of it which does 
not contain details of remarkable deli- 
cacy. This extends even to the en- 
graving on the copper in the lower 
part of the towers and lanterns. It 
is only when we give close scrutiny 
to these details that we appreciate the 
work which has been expended upon 
these fixtures. This state of preserva- 
tion is such that we can follow the 
details in the illustrations, and thus, 





PLAN OF THE CHANDELIER OF AIX. 


with scrupulous accuracy, reproduce 
the subjects which they represent. 


THE CROWN OF HILDESHEIM. 


Although the crown of Aix-la- 
Chapelle is an example better known, 
and more often studied, it is never- 
theless not the only one of its class. 
There are at Hildesheim two magnfi- 
cent crowns of which the description 
is due to M. de .-Caumont, the only 
French amateur who, to our knowl- 
edge, has studied it in every particu- 
lar. The result of his study is made 
the subject of a report in the 2oth 
Volume of the Bulletin Monumental, 
and the best means of giving an exact 
idea is to reproduce this description : 

“The crown in the nave is the larg- 
est and most interesting. It is com- 
posed of circles of very large diameter, 
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carrying towers, and torches of gilded 
copper, on which are placed inscrip- 
tions in enamel; the filigree work of 
the circular band *is\insilver;7— ihe 
twelve towers are attached to the 
metal circles, asin’ that) of- Aix—la- 
Chapelle, in each of which are four 
silver statuettes representing person- 
ages of the Old Testament and per- 
sonifications of the virtues, the names 
of which can be read across the tow- 
ers. In the middle of the spaces be- 
tween the towers are formed niches 
containing statuettes of the Twelve 
Apostles, with their names inscribed 
about them. There were sixty statu- 
ettes in the niches and towers which 
embellishs the -circlesaso@m this -coreat 
crown. It is probable that lamps were 
placed on the tops of the towers. Be- 
tween the towers six torches supported 
wax candles, of which there were sev- 
enty-two in all. A long Latin inscrip- 
tion engraved upon the circles shows 
that they represented the celestial Jer- 
usalem. In the niches back of the 
statuettes were inscribed the names of 
prophets and the virtues which they 
symbolized. 

The second crown of the Hilde- 
sheim is in the choir of the Cathedral, 
which goes back to the eleventh cen- 





LANTERNS, CROWN OF HILDESHEIM. 


tury (Bishop Azelin, 1014-1054), but 
it is not as large as that in the nave. 
The spaces comprised between the 
towers bear only three torches, so that 
in all there are thirty-six in place of 
seventy-two. There were niches for 
forty-eight statuettes in bronze, which 
no longer exist. The two crowns of 
Hildesheim are suspended from the 
arch by means of a long chain, extend- 
ing to an iron triangle, to which are 
attached the chains which extend to 











CROWN CHANDELIER OF HILDESHEIM. 
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FILIGREE WORK BETWEEN THE LANTERNS AND TOWERS, CROWN OF 


the crown, as in that of Aix-la-Cha- 
pelle. 
THE CROWN OF REIMS. 


Before the Revolution we were at 
least as*rich in these relics as our 
neighbors beyond the Rhine, having 
three specimens, as follows: 
Reims, one at Toul, and one at 
Bayeux. The crown of Reims existed 
up to the time of the Revolution. It 
was placed in the middle of the choir 
of Saint Remi de Reims, and was sus- 
pended from the arch by a chain, and 
supports ninety-six candlesticks of or- 
namental glass; its diameter was 18 
feet. The band of copper out of 
which it was formed was divided into 
twelve parts, and each of these divi- 
sions was marked by a little tower 
opened at the bottom, and ornamented 
with crystal. The gospel according to 
St. John was. engraved in Roman let- 
ters on the twelve parts of the band 
which formed the crown. The num- 
ber of ninety-six candles seems to have 
had sts origin in the tule of Cluny 
which the Benedictines of St. Remi 
followed. It directs the lighting of 
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HILDESHEIM. 


the ninety-six candles of the crown on 
the seven principal feast-days of the 
peat. 

Mie only. picture of sthis. fixture 
which at present remains is a plate of 
the sixteenth century, by the engraver 
Cellier, contained in a manuscript in 
the National Library. 
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THE PRACTICAL VALUE OF 
THEORETICAL SCIENCE 


The delving into mysteries of 
science is looked upon by the average 
layman as the innocent but fruitless 
diversion of a certain class of pecu- 
liarly constituted men. It is an error, 
especially common in this country, to 
belittle, if not entirely to overlook the 
intrinsic value of the work of scien- 
tific investigators whose labors are al- 
most entirely confined to the discovery 
of new facts and theories. The entire 
structure of modern manufacturing 
is founded upon the results of purely 
theoretical work; and upon the fur- 
ther development of such research 
must depend the future advancement 
of industry. 

The great corporations have found 
that it is profitable to employ scien- 
tic’ investigators: abuts eciiier the 
inducements offered, or the restrictions 
imposed, seem opposed to the highest 
achievements of scientific discovery 
in. this mannere= Inesiacks scicatiiic 
discovery cannot be made to order 
with any more success than poetry 
can be written to; order; the 
great scientific discoveries have been 
made, and are likely to continue to be 
made, by individuals working out 
their own particular ideas in their 
own free way. 


The theory of the production of 
light, and the various phenomena 
connected with its production and use, 
form one of the most abstruse sub- 
jects <OL>; pure Ssciences a2 > ieeaiany 
points in the theory scientists are by 
no means in general accord. Just 
why the chemicals forming the Wels- 
bach gas mantle should afford so 
much more efficient light radiation 
than many other substances, such for 
example as the carbon, is one of these 
disputed points. The various theories 
and opinions given to account for this 
simple fact were well reviewed in Mr. 
Swinburne’s paper which appcaeed in 
cur last issue. 

The discovery of new Seat 
facts, which have resulted in the re- 
cent improvements in means of gener- 
ating light, are due almost entirely to 
European scientists, particularly those 
of Germany and Austria. The Amer- 
ican mind seems to have lost, if in- 
deed it ever possessed, the faculty of 
continued application to minute de- 
tails which constitutes the chief 
requisite for successful scientific in- 
vestigation. The American is too 
impatient for results, especially of re- 
sults which can be expressed in dollars 
and cents, to allow of his following 
a-particular<line tof seseatca- dots 
scientific value only. 

Although some of the recently de- 
veloped methods of producing light 
are revolutionary in character, the best 
of them are vet woefully inefficient 
it!) absolute results, and the field 
for improvement in this direction is 
still comparatively uncharted. Both 
from the scientific interest in the sub- 
ject, and from the possible commercial 
value of results obtained, there would 
seem to be no more attractive field for 
scientists to work in. 

In another part of this issue will 
be found a paper by Prof. Nichols, 
which gives a remarkably clear ex- 
planation of the various phenomena 
attending the production of light. 
There can be little doubt that the light 
of the future will make use of some 
of these phenomena, which at present 
are only known to the public as queer 
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sounding, incomprehensible scientific 
terms. 


ee 


IMPROVEMENTS IN GAS 
LIGHTING 

In our last month’s issue we traced 
briefly the recent improvements in the 
means of producing light electrically, 
and expressed the opinion that these 
improved methods were so far in ad- 
vance of those in present use as to be 
revolutionary in their effect. From 
the fact that little progress had been 
made in electrical lighting for a de- 
cade or more, the comparatively sud- 
den appearance of a number of almost 
startling discoveries created all the 
more profound impression, and for 
the time being, at least, has rather 
eclipsed the steady, if less spectacular, 
advancement that is taking place in 
gas illumination. 

The inverted gas burner was hailed 
with delight by gas engineers as sup- 
plying a means of meeting a phase 
of electrical competition which had 
previously been difficult, and in many 
cases impossible, to meet; viz., the 
greater adaptability of the electric 
lamp, and the wider range of decora- 
tive effects which it made possible. 
But, even among those particularly 
interested in gas illumination, there 
have been misgivings and doubts as 
to the ultimate success of this form of 
burner. | 7 

The inverted burner first came into 
public use in Europe, where condi- 
tions are somewhat different than in 
this country; and there is no doubt 
that these differences have been suff- 
cient in many cases to counteract to a 
considerable extent the advantages 
which the burner possessed in its na- 
tive field. 

The conditions here, however, 
which have interfered with the util- 
ity of the inverted burner, are appar- 
ently reducible to two, viz., the sup- 
ply of gas at a lower pressure, and 
poor regulation. These two condi- 
tions it would seem are sufficiently 
easy to adjust, if any material ad- 
vantage is to be gained thereby. In 
other words, if a slightly higher pres- 


sure and better regulation is all that 
is needed to make the inverted burner 
the success which is claimed for it by 
the makers, and by many gas engi- 
neers, there would seem to be little 
excuse for not complying with these 
conditions in this country. 

The inverted burner has already 
led to a series of types following still 
more closely the adaptability of the 
electric lamp. Burners have been pro- 
duced to burn at an angle downwards, 
to burn horizontally, and even capable 
of being inverted at will, so as to burn 
either in the upward or downward po- 
sition. 

As eminent an author as Dr. Dreh- 
schmidt, of Berlin, commits himself 
enthusiastically to the advantages of 
this form of burner, as will be seen by 
a perusal of his recent paper on the 
subject, a translation of which appears 
in another section. Our London cor- 
respondent in the field of gas iilu- 
mination, Mr. Chas. W. Hastings, 
Editor of the Gas Engineers’ Maga- 
gine,. London, also reports the con- 
tinuous increase in popularity and use 
of the inverted burner and kindred 
forms of gas light. 

The use of “intensified” burners, 
i. e., of burners in which either gas or 
air is supplied at pressure above the 
normal, of which we have also previ- 
ously spoken, are already a commer- 
cial factor in Europe, ard are likely to 
become so in this country as well. We 
have information from a private 
source that an American inventor has 
developed successfully a process of 
mechanically mixing gas and air be- 
fore it is supplied to the mains, and it 
is claimed that such a mixture burned 
in the best burners will give an effi- 
ciency of above go candles per cubic 
foot. 

With the marked increase in effi- 
ciency resulting from the methods 
mentioned, and with the admittedly 
greater artistic possibilities of the in- 
verted burner, it will readily be seen 
that gas is not at all likely to fall far 
behind its present position in the field 
of illumination, at least not so long as 
the generation of electricity requires 
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the use of fuel in engines of the pres- 
ent type. Should some inventor, how- 
ever, discover the long sought means 
of securing an electric current directly 
from the potential energy of coal er 
other fuel, all predictions would have 
to be revised. But unless this occurs 
gas lighting is pretty sure to continue 
to hold its present position for many 
years to come: 


ooo 


IS THE SIXTEEN CANDLE-POWER 
STANDARD FOR ELECTRIC 
LAMPS OUT OF DATE? 


The Electric World ina lengthy edi- 
torial contends strongly that the six- 
teen candle-power lamp as a standard 
unit is behind the times, and that it 
is bound to be superseded in the near 
future by higher units. Illuminating 
engineers, however, do not seem to 
be unanimous in accepting this view 
of the case. When the matter was 
mentioned at the recent meeting of 
the Illuminating Engineering Society, 
President Marks emphatically placed 
himself on record as opposed to the 
idea; and although no further discus- 
sion of the matter followed, it was 
apparent that there was much sym- 
pathy with his position among the 
members present. 

That there, as¢a. oeneral tendency. 
toward the using of higher units is 
plainly evident irom: theptacis. - 250 
far as there is genuine competition 
between gas and electric light, the 
contest is usually to see who can pro- 
duce the greatest flood of light for 
a given expenditure, entirely regard- 
less of the visual and esthetic qualities 
of the illumination produced. The in- 
candescent gas burner, with its fairly 
dazzling light of 60 rated candle- 
power, or more, could only be beaten 
by a cluster of the standard sixteen 
candle-power electric lamps, or the 
electrical arc. To compete with the 
latter the “gas arc’ was produced, 
which was simply a cluster of incan- 
descent mantles. At last accounts 
electric lighting had scored a complete 
victory -by the introduction of the 
flame arc; whichehasileit the cas -arc 


and all other forms of illumination 
hopelessly behind in the race for gar- 
ish brilliancy. 

Inisiiaty respects” (nes comtesies<- 
minds one of the country band tour- 
nament, in which the band that made 
the most noise won the prize. In- 
crease in light power by closely clus- 
tering small light units has usually 
and rightfully been condemned by il- 
luminating engineers; and the most 
serious fault of the arc lamp has been 
its necessarily high light-power as 
well as high intrinsic brilliancy. 

As to the value of illuminating en- 
gineering, the editorial referred to 
says: “In fact, the conditions are such 
that illuminating engineering is be- 
coming an important part, not so much 
because of what its practitioners can 
accomplish with respect to the design 
of illumination along ideal lines, as in 
getting the best results with conditions 
everywhere conflicting with the ideal.” 
In one sense this view is a true one. 
The value of the illuminating engi- 
neer at the present time, and possi- 
bly for sometime to come, will be 
largely measured by his. present 
ability and ingenuity in correcting the 
outrageous blunders that have been 
made in laying out illuminating sys- 
tems heretofore. “Conditions con- 
flicting with the ideal” is truly a very 
mild way of describing them. They 
more generally conflict, with common 
sense, with the most obvious princi- 
ples of illumination, and with the 
accepted canons of artistic taste ; and 
the illuminating engineer who can 
bring a semblance of ‘order out of this 
chaos is worthy of due praise,—as 
well as his fee. 

But in that department of work 
which deals with the planning of new 
installations there is no more reason 
for “conditions conflicting with the 
ideal’ hampering or restricting the 
free play of his judgment and _ skill 
than there is for their interfering with 
the plans of the architect or electrical 
engineer. Outlets properly located 
are not usually any more expensive 
than those located by guess; in fact, 
the contrary is rather the case. Good 
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illuminating engineering will ordina- 
rily reduce wiring cost, but it is one 
of the anomalies of the general lav- 
ishness with which buildings are con- 
structed in this country that a few 
dollars difference in original cost in 
the lighting installation is allowed to 
seriously reduce the efficiency of the 
illumination produced, and so produce 
ani operative tax continuing as long 
as the installation is in use. 

There are usually several ways of 
producing practically equally good il- 
luminating results, and the ilumtin- 
ating engineer must be sufficiently con- 
versant with wiring principles and 
pipe fitting to select the one which 
can be installed at least expense; but, 
tou knowingly reduce the efficiency of 
the illumination in order to make what 
can at best only be a trifling reduction 
in the cost of installation is simplv a 
case of “saving at the spigot and 
wasting at the bung.” 

There are undoubtedly many cases 
where multiple lights, either in clus- 
ters or in chandeliers, can be very ad- 
vantageously replaced with the more 
efficient units that are coming into 
use, but the ordinary dwelling house 
certainly does not afford such a case. 
While the general race of each to out- 
shine his neighbor is interesting along 
“the Great White Way,” there are few 
who wish to carry the contest into 
their private apartments; the rest and 
eye comfort resulting from a soft and 
comparatively low intensity of illumi- 
nation are still demanded for the 
home. The chandelier with multiple 
fgets, or the: cluster, has the ad- 
vantage of affording a variable il- 
lumination, and on this account alone 
must always take precedence over the 
single unit of high power for private 
lighting. 

“The craving for brighter artificial 
illumination” may not vet be satisfied, 
it is true, but if the only effect of the 
more efficient lamps which are making 
their appearance is to result in nothing 
more than a stimulation of this crav- 
ing, their advent will be of very ques- 
—tionable advantage to the cause of 
good illumination. In one point at 


least their use is a distinct menace to 
thes best illuminating ‘effects, viz.: 
their excessive intrinsic brilliancy ; and 
it will be within the province of the 
illuminating engineer to see that this 
defect is counteracted by the use “tf 
proper methods of diffusion, and that 
the excessive general brilliancy is not 
produced simply because it can be at 
no greater outlay of money. If there 
is one principle in the confessedly im- 
perfect science of illuminating engi- 
neering that is generally accepted, it 
is that the tendency to excessive bril- 
liancy is a more common fault at the 
present time than insufficient light, and 
that a better distribution and more 
complete diffusion of the light used 
are the two improvements most often 
demanded. Neither of these reforms 
can be furthered by discarding the 
present 16 candle-power standard in 
favor of high power units. 





THE ILLUMINATING ENGINEER 
AS A MUNICIPAL OFFICER 


In our last issue we called attention 
to the necessity of the addition of an 
illuminating engineer to the list of 
city officials in order to insure the 
best lighting service, whether the same 
is furnished by a private corporation 
or a municipal plant. 

On the subject of the value of such 
an office, and the necessary compen- 
sation of the engineer, the Municipal 
Journal has the following very logica! 
remarks: 

“When most city positions were elective 
the honor of receiving them was the chief 
reward, and the matter of salaries was 
not an urgent one. But there is no par- 
ticular honor attached to the position of 
Superintendent of Lighting, or even City 
Engineer, and the salaries must offer suf- 
ficient attraction in themselves to obtain 
the desired ability. Moreover, the ability, 
or lack of it, in a City Engineer has been 
difficult to prove so far as it was expressed 
in economy of expenditure; and hence the 
low salaries commonly paid such officials. 
But a lighting superintendent is inevitably 
compared as to results with the head of 
a rival plant in the same city, or a similar 
plant in a neighboring city, and his effi- 
ciency is computable. If he is a valuable 
man, private plants stand ready to pay hint 
his worth, and to retain him the city must 
pay the same.” 
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Correspondence 


FROM OUR LONDON CORRES- 
PONDENT 
THE INVERTED GAS BUURNER 


This month we may be pardoned if 
we devote the best part of an article 
to a description of some of the new 
systems of illumination, and particu- 
larly Inverted Incandescent Burners. 
No system of gas illumination has so 
quickly come to the front, and cer- 
tainly in the history of gas lighting 
no burner has been so popular with the 
public. The soft balls of light, shed- 
ding golden luster from many points, 
are a great improvement upon heavy 
three or five light chandeliers hung in 
the center of the room. Flaring gas 
flames from fish-tail burners, unregu- 
lated, and hidden by heavy frosted or 
semi-opaque globes, with the flame 
illy supplied with air, gas partly con- 
sumed, giving off, too often, visible 
clouds of carbon, such was the illumi- 
nation of our houses a quarter of a 
century back. But now consumption 
of gas has been immensely decreased, 
and by the use of scientifically con- 
structed burners, and the incandescent 
mantle, an increase of illuminating 
power which has surprised every one 
has been obtained. Attention is now 
being paid to simplicity of fittings, and 
the inverted burner has brought gas 
illumination up to—if not beyond— 
the artistic capabilities of the electric 
glow lamp, with a larger and cheaper 
life per lamp and a lower cost per 
unit of light. 

With the introduction of com- 
pressors for air and gas the duty per 
cubic foot of gas will be greatly in- 
creased; all that is needed is an 
apparatus which is automatic in its 
working and inexpensive, which can 
be fixed in any private house. 

In a recent article reference was 
made to an apparatus, the invention 
of Mr. Scott-Snell, for compressing 
gas and air. We illustrated the ap- 
paratus, which is mainly intended for 


use when burning gas under pressure, 
in conjunction with incandescent man- 
tles. The arrangement consists of a 
cylinder in which the air or gas is 
compressed by means of a reciproca- 
ting piston, provided with cupped 
leathers. In a line with the cylinder 
is placed a water cylinder containing 
a piston fitted with a cup leather; the 
pistons are connected directly together 
by a spindle which passes through 
stuffing boxes in the respective cyl- 
inder covers. The admission of water 
to the cylinder is controlled by a cir- 
cular balanced-valve, thrown’ alter- 
nately to one end or the other, of its 
casing, causing it to alternately ex- 
haust and admit water to the upper 
side of the water-actuated piston; the 
water always having free access to the 
underside of the piston. 

The main water valve is controlled 
by a subsidiary or miniature circular 
balanced-valve, which works through 
the center of the main valve, and by 
alternately exhausting and filling a 
cylindrical chamber at the head of the 
valve causing the main valve to move 
in either directions in perfect coin- 
cidence with the small valve, which 
valve projects through the lower end 
of the valve casing, and is actuated 
by a tappet arm projecting from the 
rod or spindle connecting the two pis- 
tons. This compressor is automatic, 
requiring only a supply of water which 
may be taken from the ordinary water 
service. The illustration describes more 
fully the working parts of the appar- 
atus, which is now perfected and has 
become an article of commerce. It 
weighs about 15 lbs., and the space oc- 
cupied, including the air-reservoir, is 3 
ft. by 1ft. The machine illustrated pro- 
duces 4,500 candle-power for a con- 
sumption of 113 cubic feet per hour, 
which is equivalent to a reduction in 
price of about fifty per cent. The com- 
pressed air is delivered in a separate 
pipe to the burner, and a constant pres- 
sure is automatically maintained by the 


THE ILLUMINATING ENGINEER. 635 


e 


adjustable governor, The air mixes 
with the gas at the burner, which is fit- 
ted with a combination gas and air nip- 
ple, the gas being used at its normal 
pressure, the gas and air have separate 
circuits and are under separate con- 
irol, se ltieis: easy. to -reoulate the air 
supply to exactly suit the requirements 
of combustion, and so insure the high- 
est attainable efficiency. The correct 
volume of the mixture can be con- 





FIG. I.—DETAILS OF AUTOMATIC COMPRESSOR. 


trolled and the supply determined to 
suit any particular size of mantle. 
Any existing gas lamp can be used 
with the system. Examples are shown 
of a cheap form of single-unit-iamp 
suitable for factories, workshops, etc., 
Wiichemniemsuoht tis) reqiired to ~be 
thrown downwards, and a street lamp 
for public lighting with clustered 
burners ; the system can, of course, be 
applied to all kinds of house fittings, 
inside and outside store lamps, billiard 


table pendants, etc. By the use of 
the machine described the compression 
of air becomes an easy matter, aiid the 
burning of gas and air at a high pres- 
sure, within the possibilities of the 
private consumer on either a large or 
small scale. 

Inverted incandescent burners are 
now being used almost universally, 
both for ordinary domestic lighting, 
and also in the high power lamps, 
which are so popular. The downward 
light, assisted by reflectors, gives such 
a very useful duty that the demand is 
extending very rapidly. O this type 
ioouincas estas 2 in tise lamp each 
burner is provided with an inner glass 
chimney, which, in addition to pro- 
tecting the mantle, also promotes more 
perfect combustion and gives intensity 
to the incandescence of the mantle. 
Metal tubes are placed above these 
glasses and tend to increase the rapid 
flow of warm air, and so disperse the 
heated products of combustion. We 
are told that the tested efficiency of 
these lamps is 31 candles per cubic 
foot of gas consumed; each number 
consumes four cubic feet per hour. 

It was to be expected that combina- 
tions of inverted gas burners would 
be attempted; many of these we have 
seen but the latest novelty is a special 
fitting to carry “Inc.” mantles, pro- 
duced by Messrs. Norden & Co., and 
which we illustrate. The burner is 
made simply, in dual form, or in clus- 
ters. The fitting can be used to con- 
vert the ordinary standard or pendant 
for cluster lighting. The burner, it 
may be mentioned, is made in four 
parts, the mantles are easily adjusted, 
and no visible metal parts are exposed 
to the flame. These burners with opal 
or tinted globes give most effective 
lighting, the light being softened, and 
yet more illuminating than the elec- 
tric glow lamp. 

The new methods of fitting inverted 
burners to existing gas fittings are be- 
ing brought out every day; we illus- 
trate several. The first is the invention 
of Mr. O. Wiederhold, of Jersey City, 
N. J. In this fitting an annular space 
is left between the burner switch 
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coupling and pneumatic valve in the 
up and down positions. The former 
is shown in dotted lines. The valve 
may be used with an ordinary C Kern 
burner. 

It is claimed for Mellphin’s adapter 

















































































































































































































































































































































































































































































































FIG. 2.—LANCASTER BURNERS. © 


that it insures a perfect ball of white 
light with a consumption of 2% cu- 
bic feet per hour. 

Another adapter, the Godfrey, is 
manufactured in Scotland; it appears 
to be a very simple and inexpensive 


fitting, sliding over the Bensen tube. 


The most perfect and best adapter 
is the invention of Messrs. Joyce, Brav 
& Co., of Leeds; it is reversible, and 
can be used alike upon upright gas 
fittings or brackets as shown. These 
new reversible burners are now fitted 
with the pneumatic distance lighters. 
With the Bray Reversible Inverted 
Burner, a lighting efficiency of 25 can- 
dles per cubic foot of gas can be ob- 


















































































































































FIG. 3.:—VESTA INVERTED GAS LAMP. 


tained Phe.. burner, .is’ Vetticients ant 
pressures ranging from Io tenths to 
4o tenths. The globe is held in po- 
sition by screws fixed in a patent 
spring holder; so that the globe can 
be removed without removing the 
screws for cleaning or for renewing 
the mantle. 

Lamp pendants have been in use 
for some time, hung by flexible tubes 
which, by means of a spring, can be 
drawn down close to the table or left 
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FIG. 9.—COWAN UPRIGHT 
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at the ordinary pendant height. The 
same principle has now been adapted 
to wall brackets. In these the friction 
member is held stationary by a pawl 
and ratchet mechanism, whilst the fit- 
ting is drawn down, but rotates with 
the drum upon which the slack of the 
cord or tube is wound when the fitting 
is raised. The pawl is stationary, and 
the ratchet is carried by the friction 
member, so that the ratchet overcomes 
the pawl during the return movement 
of the drum. The action of the Han- 
well light is shown in the illustration. 
Another, and quite a novel claim- 
ant for public favor is the Lancaster 
burner. It has been designed to u- 
tilize a cluster, say of six mantles all 
rendered incandescent by jets of flame 
issuing from the tops of a Bunsen 
burner, the mantles resting upon ste- 
atite stalks, which project from the 
head of the burner, placed at such an 
angle as to insure the light being 
thrown downwards, the angle ranging 
from 30 to 45 degrees, and by means 
of a glass shade to subdue the hght, 
concentrate it and eliminate all shadow 
. on either ceiling or floor. The burner 
is provided with a special regulating 
nipple in order to adjust it for vary- 
ing pressures. The light can be reg- 
ulated to any size, deposits no soot on 
the mantles, the combustion is per- 
fect, and the clustered light most ef- 
fective. We have before us one of 
these “Lancaster” lights. They may 
be used with or without a shade and 
are easily adapted to any ordinary gas 
fitting, or they are quite as suitable 
for fixing in ordinary street lamps, 
provided they are windproof. A clus- 
ter of six mantles will give a soft light 
and illuminate a room 20 feet square. 
We cannot include these notices of 
new illumination methods and fixtures 
without reference to Cowan Upright 
Inverted, Gas Burner. The, burner is 
made entirely of cast brass and any 
of the well known inverted mantles 
may be used with it; the nozzles are 
made to’ “socket’> on “or.off, so inat 
each burner can be readily lifted off 
for the renewal of mantles, etc. In 
these burners the air and gas flow 
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naturally inthe mixing chamber ; they 
do not depend entirely—as do most 
inverted Burners,—on the potential 
energy to overcome the natural ten- 
dency of the air and gas to rise; with 
their use is far less possibility for the 
gas, or gas mixed with air to pass, 
burn with a luminous tip, deposit car- 
bon or give a flickering light. Each 
cluster is fitted with an adjustable reg- 
ulation; they can be. adapted to any 
form of lamp for indoor or outdoor 
illumination; the burners are fitted 
with Pilve light and Plug’s Socket 
to lift on or off supply pipe or fitting. 

It is but a step from the sublime to 
the ridiuclous; so far as gas illumi- 
nation goes, we have described several 
forms of gas burners and _ fittings 
which will give sublime effects, and we 
reproduce a sketch of light of other 
days which we might take to repre- 
sent “The illumination ridiculous.” 
The original of this ancient lantern 
hangs in the historic mansion of La 
Malmaison, in the Court of Honan; 
such were the lanterns which illumin- 
ated the streets of gay Paris in the 
time of the great French revolution, 
something more than a hundred years 
ago. 

CHARLES W. HASTINGS. 
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“THE LIGHT OF OTHER DAYS.” 
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FROM OUR READERS 


Editor Tur ILLUMINATING ENGI- 
NEER. 


DEAR SirR:—I hope you will be able 
to find room in your columns for a few 
remarks on the—to me—inexplicable 
claims on behalf of the penetrative 
powers of the Mercury vapor light, 
attributed to Dr. Steinmetz on p. 545 
of your September issue. 


Any luminous object looks approxi- 
mately equally bright at all moderate 
distances, and for the following rea- 
son. The total amount of light enter- 
ing the eye, and the area of the image 
formed on the retina are both inverse- 
iy proportional to the square of the 
distance of that object. 


It does not appear exactly as bright 
for two reasons. (1) Because some of 
the light is absorbed in the atmosphere 
on its way to the.eye, (2) Because 
all parts of the retina are not equally 
sensitive to light. 


Now, it is generally agreed both on 
scientific grounds and as a result of 
practical experience that luminous 
waves of great wave length penetrate 
the atmosphere best. I have not been 
able to find any published figures for 
luminous waves, and I am aware that 
Mr. Orme Bastian has recently main- 
tained the contrary opinion. 


Nevertheless it may fairly be said 
that the evidence in favor of the fact 
referred to is overwhelming. Also it 
is well known that the “yellow spot,” 
the central portion of the retina is 
more sensitive to red light and less 
sensitive to green and blue light than 
the surrounding portion and by ex- 
periments (some of which are de- 
scribed in THE ILLUMINATING ENGI- 
NEER for September), confirm this. 
Consequently, a red object tends to ap- 
pear redder and a green object darker 
as we move away from it. 


Both these effects are unfavorable 
to the Mercury light. I do not dispute 
that 11) thei cp. or a Mercury light 
is compared against a white standard 
at various distances, the c.p. tends to 
work out brighter as the distance from 
the photometer increases. But this 
is because the illumination of the pho- 
tometer disk becomes weaker and 
weaker until eventually the Purkinje 
effect begins. 

But, as I have shown, the objective 
brightness of the retina image, in- 
stead of decreasing according to the 
inverse square law, must (except for 
atmospheric absorption) remain con- 
stant, and by the time atmospheric 
absorption has decreased the illumina- 
tion sufficiently to allow the Purkinje 
effect to begin, the image falls entirely 
within the yellow spot, where there 
are no rods but only cones and where 
the Purkinje effect is comparatively 
weak. 

Probably also the atmosphere has 
by then filtered out all but the red 
rays. 

This, at all events, explains what is 
common experience, namely, that all 
lights commonly appear orange or 
even red in the distance. My slight 
experience of the Mercury lamp 
tempts me to suppose that its striking 
color attracts the eye and so produces 
an impression that it can be seen from 
a distance, when other lamps cannot. 

If, however, the light is really more 
easily visible at a distance than ordi- 
nary lights, it seems to me very diffi- 
cult to account for the fact on physio- 
logical grounds. 


I am, yours truly, 
eS, Dow. 
Mayfield, 
Shepard’s Hill, 
London. 
Oot error 006. 
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The Illuminating Engineering Society 


PAPERS PRESENTED AT THE REGULAR MEETING HELD IN NEW 
YORK CITY, OCTOBER 22 


APPLICATION OF PHOTOMETRIC 
DATA TO INDOOR ILLU- 
MINATION 
By Ernest C. Wuite, Member. 

(Slightly abridged.) 
INTRODUCTION. 


The opinion has been frequently expressed 
in the discussions before the society that 
the most important branch of illuminating 
engineering work lies in the application of 
photometric curves of lamps and their ac- 
cessories to the requirements of practical 
illumination. Probably most of us who 
have endeavored to practice this belief, not 
only for publication, but in the calculation 
of every day lighting problems, have found 
the ordinary polar diagram and the law 
of inverse squares a very clumsy set of in- 


struments for rapid work, and, on the other 


hand, have concluded that “judgment,” i. e., 
observant guesswork based on the shape 
of these same polar diagrams—is liable to 
mislead in regard to results. 

Now, there are two ways in which dis- 
tribution curves are pre-eminently useful: 
First, in comparing the results obtained 
with different lamps and accessories; and 
second, to provide a basis of calculation for 
the proper location of lights when the lamps 
and accessories have been determined upon. 
For the first of these uses the polar photo- 
metric curves are misleading in so far as 
they are popular, i. e, in so far as they 
may be used by persons not appreciating 
the actual phenomena which they represent. 
For the use of illuminating engineers, how- 
ever, this misleading quality has doubtless 
been exaggerated. The Rousseau diagram 
is equally useful in reference to the char- 
acter of distribution, and far more valuable 
for purposes of absolute comparison be- 
tween different illuminants or different ac- 
cessories. But all this has very little to 
do with the application of this data to the 
needs of every day work. 


CURVES OF UNIFORM ILLUMINATION. 
I have already described in The Illumin- 
ating Engineer for July, 1906, the theory 


of curves of uniform illumination, which 
are, so far as I know, the simplest device 
for graphical calculation yet provided for 
the application of distribution data to the 
design of illumination. You will doubtless 
note, without need of my referring to it, 
the typographical error in that article, as 
the first equation stated should of course, 


G 
bed = ee 
P 


These curves of uniform illumination are 
simply polar diagrams representing the dis- 
tances in all directions at which equal il- 
lumination is produced by the source for 
which the curve is plotted. Marginal scales 
are provided which read in feet, without 
subdivision for various intensities of illu- 
mination. For convenience these scales are 
laid off so that that radial distance between 
every tenth circle equals: 1 foot for unit 
illumination, 1. e., 1 foot-candle. For 
more powerful sources it is necessary to 
plot the curves to one-half, one-fifth or one- 
tenth of this scale, as the case may be; in 
which case of course one division in the 
1 foot. The actual scale used for plotting 
scales represents 2, 5, or Io feet instead of 
is noted in each case on the upper left hand 
margin. 

Fig. 1 represents the uniform ilumina- 
tion from a 32-cp. incandescent lamp with 
a pagoda reflector, while Fig. 2 is the or- 
dinary distribution curve for the same 
source. Fig. 3 represents uniform illumi- 
nation and distribution respectively from a 
16-cp. incandescent lamp, fitted with a pa- 
goda reflector giving broader distribution. 
These curves have been selected from my 
data book without special reference to the 
distribution characteristics, except that the 
first two curves will be utilized for a more 
extended illustration. 

Referring to the curves, it will be noticed 
that each of the various scales is labeled 
in foot-candles, 1. e., each scale applies cor- 
rectly to the curve for the intensity of il- 
lumination marked above it. Thus, in Fig. 1 
the illumination directly below the lamp 
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onwion Scales for the 
’ intensities of INumination, 


FIG. IL.—CURVE OF UNIFORM ILLUMINATION 
will be 1 foot-candle at 15 feet distance 
(i. e., seven divisions on the 1 foot-candle 
scale equals 15 feet, the curve being plotted 
‘to % scale); 4-foot-candles at 7 feet dis- 


tance; %4-foot-candle at 16 feet distance; 2- 


foot-candles at 10 feet distance; 'foot- 
candle at 4o feet distance, ect., etc. In or- 


der to calculate illumination at an angle of 
45° from the vertical, the radius of inter- 
section is swung around to a line parallel 
to the scales, the reading then being 0.5 
foot-candle at 9 feet distance, etc., if the 
‘rays are incident to the plane to be illumin- 
ated. If the plane in this case were hor- 
izontal, the horizontal and vertical rulings 
(provided on the co-ordinate paper to fa- 
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PAGODA 


OF 35 CP. LAMP REFLECTOR. 
cilitate reference to the scales) easily per- 
mit of swinging a radius proportionate to 
0.5 foot-candles illumination through the 
angle of incidence- and thus reading with 
close approximation the actual illumination, 
which would be about .35 foot-candle-at 9 
feet distance. 

It is the object of this paper to advocate 


the use of curves of uniform illumination. 


The possibilities of graphical calculation 
from these curves and the scales’ provided, 
will appeal to you in connection with all 


‘problems involving the law of inverse 


squares. The method of reading from 
these curves does not need further explan- 
ation, but I wish to call your attention to 
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several advantages offered for purposes of 
quick comparison or selection of various 
means of illumination. 

1. The shape of the curve represents the 
effect produced, and not merely the cause 
which is the case with the ordinary polar 
distribution curve. 

2 The area of the curve is not largely 
affected by the character of distribution as 
in the polar distribution curve. 

3 These curves afford instant reference 
to the best location for lights; i. e. propor- 
tion of distance from ceilings and from 
floors; the best angles for bracket lights, 
etc., and where placed within glazed fix- 
tures, such as described further on the 
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FIG. 2.—DISTRIBUTION CURVE OF I6 CP. LAMP 
IN PAGODA REFLECTOR. 


shape of the curve is of accurate assistance 
in determining the shape of the art glass to 
be lighted up. 


APPLICATION TO FIXTURE DESIGN. 


We have had a great many examples of 
calculation for illumination of rooms large 
and small, so I will further illustrate the 
convenience of uniform illumination curves 
by a problem of slightly different char- 
acter, viz., the design of a single fixture 
for the more expensive residence work. 
This is a class of fixture wherein the most 
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lavish taste is too often combined with 
neglect of the principals of illumination, 
with the result of producing lighting fur- 
niture somewhat extravagant from point of 
usefulness. 


The fixture described is a dining-room 
chandelier. The room is 16x 22 feet with 
11-foot ceiling; plate rail, 7 feet 9 inches 
high; ivory-tinted plaster ceiling; very dark 
frieze, and dado in light plaster panels. 
The lighting scheme includes wall brackets, 
which are placed near the ends of the 
room, so for the purposes to be served by 
this particular fixture we will consider the 
room 16 feet square. 


The requirements are to produce fairly 
brilliant lighting without any glare in the 
eyes of persons seated around the table, 
and to provide indirect lighting from the 
same fixture for the general illumination of 
the room. The reflector for which curve 
is shown in Fig. 3 was chosen for the 
table lighting, and this is used with a 32-cp 
lamp. This is covered with an art glass 
shade hung low enough to intercept the 
direct rays at a point below the eyes of 


_the diners, the bottom of the shade being 


placed 6 feet above the floor. This is some- 
what higher than usual, and was particular- 
ly desired by the owner. As the reflector 
used is of generous proportions, it may be 
assumed that there will be small error in 
doubling the illumination represented in 
the clitvel Hien 2-forsa 10-cpadampe die 
distances from the lamp to surface of table 
are indicated in Fig. 4, which is a partial 
cross section of the room. Referring again 
to the curve, it is easily calculated that 
the illumination at 3 feet 10 inches dis- 
tance 0° is about midway between 2 and 
3 foot-candles with 16-cp lamp, or 5-foot- 
candles for a 32-cp lamp. At 4 feet and 
15° the illumination is seen to be about 
1.7 foot-candles multiplied by Cos.15° and 
doubled for a 32-cp lamp, which equals 
3.3. foot-candles. In like manner the il- 
lumination at 4 feet 6 inches and 30° is 
found to be 2.65 foot-candles. Observe that 
in arriving at these values absolutely no 
computation is required, other than ref- 
erence to the curve and scales. 


The upper part of the fixture is a basket 
to conceal 6 32-cp lamps pointed at an angle 
of 30° from the horizontal, and equipped 
with the reflector for which curve is given 
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FIG. 3.—CURVE OF UNIFORM DISTRIBUTION OF 16 CP. LAMP IN PAGODA REFLECTOR. 


in Fig. 1. Fig. 4 gives the distances to 
ceiling and frieze at the various angles. 
I think anyone having taken a few moments 
to familiarize himself with these curves of 
uniform illumination will find no difficulty 
in arriving, by reference to this curve only, 
at solutions in accordance with the accom- 
panying table: 


Angle from Nadir. © Distance. 
60° 3 feet 6 inches 
45° 3 feet 8 inches 
30° “4 feet 1 inch 
sa 5 feet o inch 
0° 7 feet o inch 
; 8 feet 6 inches 
ce 7 feet 6 inches 
Pee 7 feet 4 inches 


While not as simple to describe, the same 
process applied to the other lamps of the 
group will afford an easy summation of il- 
luminating effects which, of course, increase 
the illumination near the center to an ap- 
proximate uniformity. The falling off in 
intensity on the ceiling near the side wall 
is desirable in order to avoid undue con- 


Angle of Incidence. Illumination. 
O° 2.0 foot-candles 
15° 3.4 Z 
30° 4.7 4 
45° 3.8 
60° 2.0 4 
25. 2.6 2 
os 2.9 29 
Ss 15 iv? 
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FIG. 4.—-APPLICATION OF THE METHOD TO FIXTURE DESIGN. 


trast with the dark colored frieze, which 
receives the rays at a smaller angle of in- 
cidence, thus producing a most harmonious 
effect with the lighting from this direction. 
The sides of the basket are high enough 
to conceal the reflectors when viewed from 
a point 11 feet from the center of the room 
and 5 feet 6 inches from the floor. 

Lest it should appear that this catering 
to the requirements of illuminating engi- 
neering has led us into proportions impos- 
sible to use from an artistic standpoint, I 
append a sketch, Fig. 5, of the finished 
fixture used. This has about 5 feet drop 
over all, and 42 inches spread. The 6-piece 
shade suspended around the table light is 
8 inches high by 8% inches in diameter. 
When two or three hundred dollars is ex- 
pended on a fixture of this kind, it is evi- 
dent that the amount of work put into a 
careful calculation of lighting effects by 
the use of uniform illumination curves is 





FIG. 5.—FIXTURE DESIGNED ACCORDING TO THE 
far from extravagant. METHOD. 
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DATA ON INDOOR ILLUMINA- 
, TION 
By Mr. J. E. Woopweti, Member. 

Illumination has been well termed an art 
rather than an exact science. Illuminating 
engineering, having for its basis the physi- 
cal laws of light which are subject to rig- 
orous mathematical demonstration and cal- 
culation, depends, nevertheless, upon many 
other important factors which tend to 
modify the application of fundamental 
principles and formule. In general, it in- 
volves a study of the character, color and 
intensity of. artificial illumination; the 
type, number and position of radiants or 
light sources; kind of accessories; and, 
finally, the resultant optical, physiological 
and esthetic effects. The object of this 
paper is to outline the methods commonly 
employed by the illuminating engineer in 
dealing with practical problems relating to 
indoor illumination, and to present ex- 
amples illustrative of some of the principles 
involved. 

In approaching a problem on illumina- 
tion, consideration is first given to the 
quantity required. This will vary in ac- 
cordance with the uses to which the spaces 
to be illumined are to be put. It has been 
found, moreover, that the eye adjusts itself 
over a considerable range in intensity, so 
that between certain maximum and mini- 
mum values the artificial lighting is equally 
effective. The final criterion of satisfac- 
tory illumination is, therefore, not a definite 
intensity as expressed in foot-candles, but 
a visual effect or physiological sensation 
incapable of quantitative expression. The 
primary fact to which we must refer is the 
light sensation and this is dependent upon 
the quantity of the light. Illumination has 
been detined as the light which in quantity 
and quality enables the outlines of objects 
to be discerned and colors to be perceived. 
It is evident, also, that the visual effect or 
apparent brilliancy is dependent upon the 
amount of light reflected from the object 
illuminated to the eye. 

In consequence of the complex relation 
between the physical laws of light and the 
resulting physiological sensation, the quan- 
titative measure of illumination is not to 
be wholly relied upon as the basis for calcu- 
Jation. Data taken from successful exam- 
ples of indoor illumination where all of the 


conditions as to reflection values, etc., are 
known are most valuable, but, unfortunate- 
ly, illuminometer tests made under such 
conditions that the errors to which such 
measurements are particularly subject are 
eliminated are very scarce: <It is not out 
of place to direct attention to the present 
demand for a simple and practical illumi- 
nometer which shall be portable, accurate 
and low-priced. One practical illuminome- 
ter test will be described later in the paper, 
but in the absence of actual data similarly 
determined for almost every variety of in- 
door conditions, it is necessary to approxi- 
mate general values for the intensity upon 
the basis of judgment and experience. It 
is known, for example, that 1 foot-candle 
is an amount which is sufficient to enable 
one to read print of this size type comfort- 
ably, while for newspaper print at least 2 
foot-candles is desirable. 


In the pcstal service, for reading ad- 
dresses of mail in an endless variety of 
forms of pen, pencil and print with back- 
grounds of various color, a local illumina- 
tion of from 2 to 4 foot-candles has been 
found by extended experience to be re- 
quired; 2 foot-candles is generally suffh- 
cient for desk illumination, though for 
work involving much detail 3 and even 4 
foot-candles has not been found excessive. 
For corridors, public spaces, assembly 
rooms, the figures range from .5 to 1.5 
foot-candles, while in stores where dark 
goods are displayed or a brilliant effect is 
desired, 5 to 10 foot-candles is not uncom- 
mon. The latter amount is also required 
for tracing, drafting, engraving and other 
similar work. These intensities relate to 
the working plane, and in addition, consid- 
eration must be given to the walls and 
ceiling and whatever objects in the space 
are to be illuminated, and the figures deter- 
mined upon for this purpose will depend 
principally spon the color and_ reflection 
values of such surfaces: 


Having determined the intensity of 1l- 
lumination and its. general distribution in a 
given space, it is necessary to choose the 
illuminant and its accessories for diffusing 
and directing the light, and to decide upon 
the number and position of units in order to 
secure the predetermined result. A discus- 
sion of the choice of illuminants will not 
be entered upon in this paper, but such 
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peculiarities or characteristics which may 
have a bearing upon their use will be noted. 
In order to determine what may be ac- 
complished with a given light source it is 
necessary to know its distribution curve, 
including that of any requisite accessory. 
Curves of practically all illuminants and 
many accessories have been widely pub- 
lished recently, and are available to the 
engineer. 
f > I i DAS" g ae = \ 
GaGa ee ces 
eee SeRy 










FI. I.—CURVE OF CANDLE-POWER DISTRIBUTION 
OF TANTALUM LAMP WITH REFLECTOR. 


The distribution is generally shown on 
a polar diagram - Fig. i, for example, 
shows such a curve for a Tantalum lamp 
with a prismatic reflector. Fig. 2 shows a 
similar curve for an unshaded 16-cp. elec- 
tric lamp, and also the distribution obtained 
from the same lamp by two prismatic 
shades. Such curves are of great value 
to the illuminating engineer, but unless the 
underlying principles are kept well in mind, 
deductions from a comparison of stch 
curves for lamps and reflectors of different 
types are apt to be misleading to the lay- 
man. 

To illustrate this point, let A, Fig. 3, be 
a light source of the uniform intensity of 
t candle in all directions. Its curve of dis- 
tribution in any given plane will obviously 
be shown by a circle, while the total flux 
of light from the source is represented by 
a sphere whose radius is 1 unit. Now if it 
is assumed that by means of a reflector the 
intensity throughout a zone generated by 
the arc BC subtended by the angle BAC of, 
say 15° below the horizontal plane is re- 
duced one-half, the intensity over this area 
will remain one-half candle. If the flux 
of light borrowed from this zone is now 
redirected vertically downward within the 
same angle of 15°, then the average inten- 
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sity of the zone generated by the revolution 
of the arc DE about the vertical axis -will 
be increased to 

14 & area of zone generated by arc BC 








I -+ ———— — 

area of zone generated by the ar¢ DE 
= 4.83 -as shown graphically anscase 11, 
Fig. 3, the ratio of the zones being ap- 
proximately 1 to 7-2/3, as shown in case I, 
Big. 3, 

It is evident that a very small quantity 
of hight. borrowed at or near the horizontal 
may be made to enormously increase the 
intensity in the downward direction. The 
polar diagram which shows only the radial 
intensities does not, therefore, correctly in- 
dicate the change in flux of light at various 
angles. The prismatic shades giving the 
polar distribution as shown by curves 2 and 
3, Fig. 2, for example, are of practically 


ER 
f xa 


PERILS 
WAV \_1 L | 
SucabeccrnccamnNy 










4A TAY TEES 






















RSE if 
SS ey i: 
SSS SES 
SSS SE 
SESE 
— SES : 





Ml 
Hh 
i 


lll 
AN 
WA 






\J 






hi 
I 
: 














ae 


ee ee 


FIG. 2.—CURVES OF CANDLE-POWER DISTRIBU- 
TION. 


1) 16.¢c.p.-bare. lamp: 

2. Same lamp with distributing reflector. 

3. Same lamp with concentrating reflec- 
Or. 
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FIG. 4.—ROUSSEAU CURVES OF 16 CP. LAMP BARE, AND WITH REFLECTORS. 


equal efficiency, but No. 2 appears to a 
decided disadvantage in the comparison. 
For general purposes, however, No. 2 
would prove the most desirable and satis- 
factory reflector. To show this properly, 
resource must be had to the Rousseau dia- 
gram, which is constructed as shown in 
Figs. 3 and 4 on the theorem in solid 
geometry that the area of a zone is equal 
to its altitude multiplied by the circumfer- 
ence of a great circle. The surface of 
various zones, and consequently the illumi- 
nation thereon, is thus proportioned to the 
respective altitudes, and if the altitudes of 
the zones included between the various 
angles are laid off by projection as shown 
in Fig. 4, and the candle-power at each 
radial line plotted thereon, the total illu- 
minating power of a source of light will 
be proportional to the area inclosed by 


the Rousseau curve, and the flux of light 
through any zone will be correctly shown. 
The Rousseau diagram is essential to a 
proper comparison of the performance of 
various reflectors. Fig. 5 shows a Rousseau 
diagram of the bare 16-cp. oval anchored, 
carbon filament lamp, and the same lamp 
with the two prismatic reflectors which are 
comparable with the polar diagrams shown 
in Fig. 2. Here the volume or flux of 
light below the horizontal or between 0° 
and go°, as represented by the area below 
the curve, is clearly shown ta -be about the 
same for reflector No. 2 as for reflector 
No. 1. The effect of both reflectors in 
redirecting the light of a bare incandescent 
lamp from the upper to the lower hemi- 
sphere is also clearly shown. The differ- 
ence between the area below the curve of 
the reflector and that of the bare lamp 
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should properly show the absorption of 


light in the material of the reflector, and | 


any other losses, this being a measure of 


the efficiency of the shade.* 

Given the distribution of a light source, 
it is possible to determine the intensity of 
illumination produced at any point by the 
fundamental law of distances, which, on 
the assumption that the luminous source is 
practically a radiant point, states that the 
quantity of light falling on a given surface 
varies directly as the illuminating strength 
of the light source and inversely as the 
square of the distance from the source. In 
Fig. 6, if O represents a point source of 
light of candle-power CP, the intensity of 
illumination upon any plane at right angles 
to the rays of light, known as the normal 
illumination, may be denoted by I and is 


CE 


equal to —— where d is the distance from 
ac 


the light source to the normal plane. If d 


is expressed in feet and CP is the candle- 
power of the source in the given direction, 


CP 
the formula In = —— will give the illu- 
d= 


mination upon the normal plane in foot- 
candles. For points on a plane not normal 
to the incident light ray the angle at which 
the ray strikes the surface must be taken 
into account, and, in accordance with 
Lambert’s law of the cosines, the intensity 
of normal illumination multiplied by the 
cosine of the angle of deviation of the path 
of light rays from the normal.” In Fig. 5, 





1. The Absorption of Light by Globes and the 
Action of Reflectors, ‘“‘Photometrical Measure- 
ments,” by Wilbur M. Stine. 

2. Lambert, Photometria, 1760. 
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for example, the illumination in a horizontal 

plane AB denoted as I at distance D from 

the foot of the perpendicular dropped from 
GP 

PCOS ee Oma 





the source is equal to - 


= 


cilitate calculations it is convenient to sub- 
stitute the value of d in terms of h, the 
height of the source above the plane illu- 














h h 
minated, and since d = c= — 
cos & cos’ & 

: GP. 
and the formula Ih= —— cos @ may be 

Cr: 
written ins === : cos’ ® . In the same 

h 


way the vertical illumination is given by 


the formula 


(GE ean CP 
ly = —— sin 2 or ly =. —— sin cos 
h? 


Complete tables giving values of cos’ & 
for various angles have been published.° 
The following table shows the values for 
each five degrees: 





f° cos* @ p° cos’? 

1 1.000 4O .449 

5 .988 45 353 
10 955 50 .205 
15 .QOI 55 189 
20 829 60 125 
25 -744 05 .0754 
30 .649 70 .0400 
35 -550 75 0173 





To illustrate the application of the fore- 
going principles, Fig. 6 shows the method 
of obtaining the illumination curve of a 
single light source consisting of a tantalum 
lamp with prismatic shade giving the dis- 
tribution curve shown in Fig. 1 and located 
s feet above the horizontal plane to be il- 
iuminated. The height of the lamp above 
the horizontal plane may be laid off to a 
convenient scale which. will hold. also for 
horizontal distances measured from the 
foot of the perpendicular dropped from the 
lamp. The illumination at any point in the 
horizontal planc may then be easily com- 
puted at the angles corresponding to regu- 
Jar intervals of horizontal distance. Since 
the distribution curve is derived by photo- 
metric measurement at regular angles, the 





3. “Engineering of Tllumination,” by Van Rens- 


sellaer Lansingh; Journal Western Society of En- 
gineers, Vol. VIII., No. 2. 
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FIG, 6.—CURVE OF ILLUMINATION OF TANTALUM LAMP WITH REFLECTOR. 


calculation is facilitated by projecting the 
lines which form angles at five degrees in- 
tervals, which will be found to be close 
enough for practical work. Values for 
cos® ® may be taken directly from a table 
such as that previously given. Ordinates 
representing the foot-candles illumination 
at various points are laid off to a conven- 


I 
ient scale, preferably ——-, and after a 
100 


smooth curve is drawn through the points 
plotted, intermediate values for any given 
distance, as, for example, 10 feet from the 
foot of the perpendicular, may be obtained 
by interpolating on the curve. 

After the illumination curve is obtained 
for a given light source at height h, values 
for any other height h’ may be obtained by 
multiplying the value of I at any desired 

h 
) 
sultant illumination at a given point in a 
horizontal plane produced by two or more 
light sources, the separate illuminations 
are added arithmetically. 

In determining the illumination curve for 
a vertical plane representing a wall or a 


> 3 


distance d b( --Po obtain the re- 





through the light source perpendicular to 
the wall. The illumination for points on 
the wall at either side of this plane is then 
computed by multiplying the values ob- 
tained by means of above formula by the 
cosine of the angle which the incident light 
rays make with the plane perpendicular to 
the wall. It is also necessary to take into 
account the obliquity of the light rays when 
the axis of the light source is not vertical, 
as, for instance, when the electric, lamps 
on. a chandelier are placed at an angle. 
When the illumination is produced from 
several sources the calculations become 
quite complex.* Moreover, the inverse 
square law does not hold for a number of 
light sources of appreciable size, such as 
the Moore tube, Cooper-Hewitt lamp, and 
the actual deviations, are considerable even 
in the cases where large diffusing globes 
are used. The radiations from a cylindrical 
source have been investigated by Dr. E. P. 
Hyde, of the United States Bureau of 
Standards, in connection with the use of a 
Nernst glower as a light source in certain 
photometric tests showing the necessity in 
refined work of taking into account such 
errors as are likely to occur from a devia- 
tion from the law of inverse squares. The 





GP : 3 de % 2 
painting, values of I = sin ® cos? @ ‘adiation from a cylinder of infinite length 
: = 
iste — 
awit j inj- 4. The Distribution of Illumination in the 
are first calculated, thus giving the illumina-_ Ree eens see Ro Banta. 


tion at points on the wall in a vertical plane 
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varies inversely as the distance from the 
axis of the cylinder, and in practice this law 
is approached in the application of the 
Moore tube. The Cooper-Hewitt lamp is 
far from a point source, but at distances 
long compared to the length of the tube its 
radiation approaches the law of inverse 
squares, while at comparatively short dis- 
tances it is nearly proportional to the dis- 
tance. Tests of the candle-power of the 
Cooper-Hewitt lamp on photometer bars of 
different lengths show variations of 46%.° 


In the foregoing discussion no account 


has been taken of the effect of reflection. 
In practical work, the illumination received 
by a surface or object is frequently very 
materially increased by diffused reflection 
from walls and ceiling, the amount being 
dependent upon the distance of the light 
source from the reflecting surface and the 
coefficient of reflection. For interiors hav- 
ing dark walls or with large dimensions, 
the increase in illumination due to reflection 
is small, while under favorable conditions, 
such as small interiors with white plaster 
or painted walls and ceilings, or with white 
marble or similar interior finish, the direct 
illumination may be increased two or even 


three times. 
I 


computed by the formula K = a where 
I- 

C is given a value representing the actual 

coefficient of reflection of the walls or sur- 

faces as the result of experiment or experi- 

ence. For public buildings with relatively 

large interiors and light-tinted walls and 


I 
ceilings, values of —— will be found to lie 
1-C 

generally between 1.25 and 1.50. 

In planning a system of illumination for 
a new building in which the color scheme 
for decoration has been determined, very 





5. London Electrician, July 20, 1906. 
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small allowance can safely be made for 
reflection, particularly in the capacity of 
wiring circuits. Moreover, a certain mar- 
gin is required in all calculations of illu- 
mination on a theoretical basis to allow 
for the inevitable loss in practice occasioned 
by the deterioration in candle-power of the 
light source, Ji, on the: other hand,the 
economy is a sufficient object, and the finish 
of the walls and ceiling of a room of mod- 
erate dimensions is planned with reference 
to securing the full advantage of reflection 
the resultant illumination may by this 
means be more than doubled. 


One more important factor remains to be 
considered—that of the intrinsic brilliancy 
of the light source. With the increase in 
efficiency accompanying the recent develop- 
ments in arc and incandescent lighting has 
come a corresponding increase in intrinsic 
brilliancv, so that it is necessary either to 
shade such lights, or to keep them entirely 
out of the field of vision. The physiological 
effect of a light source of high intrinsic 
brilliancy within the field of vision is to 
so reduce the pupillary aperture that the - 
normal sensibility of the eye is greatly im- 
paired.® 

In the table below the intrinsic bril- 
liancy of a number of common light sources 
is shown in candle-power per square inch 
on the assumption of a uniform light in- 
tensity over the surfaces considered. 


A test made at the Electrical Testing 
Laboratories using Lummer-Brodhun and 
Bunsen photometers and a Ioo-cp. standard 
incandescent lamp, mounted at the same 
distance from the photometer as the mer- 
cury vapor tube of type H with a luminous 
length of 21 inches, gave the following re- 
sult : 





6. Some Physiological Factors in Illumination 
and Photometry. Dr. Louis Bell. Trans. IIl. 
Eng. Soc., June, 1906. : 


2—alabaster globe. 


6—approximate. 
8—depending upon efficiency and style of bulb. 


25—.unshaded. 
200—depending upon the globe used. 


300—bare. 
800 to 1000o—bare. 
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Distance. Candle Power of Tube. 
12 feet 178 
Sana 169 
4 66 164 





While this test is not exhaustive, it 
serves to show that the candle-power emit- 
ted from the tube at distances over 4 feet 
from its center and along a line perpendicu- 
lar to its length does not vary materially 
from the photometric law. 

As a brilliancy in excess of five or six 
candle-power per square inch produces re- 
tinal fatigue and irritation, it will be seen 
that the most common illuminants require 
shades or enclosing globes if placed within 
the field of vision.’ Even where illuminants 
of great brilliancy are located out of the 
field of vision, care must be taken to avoid 
regular reflection from objects to the eye, 
as light of comparatively low intensity en- 
tering the eye at an unusual angle is quite 
as detrimental as excessive brilliancy in the 
direct line of vision. 


Two practical methods are available for 


reducing the injurious, direct and indirect, 
effects of an illuminant of great brilliancy. 
The light source or sources may be en- 
closed in an opal or ground glass globe of 
proper size to reduce the intrinsic brilliancy 
to a safe amount, or in the case of incan- 
descent electric lamps the result may be 
accomplished by frosting and by the sub- 
diyision of the lighting units into those of 
small candle-power. The other method con- 
sists in placing the light source entirely out 
of range of direct vision and securing the 
desired illumination by diffuse reflection 
from a ceiling or cove. Both of these 
methods result in a loss of efficiency, but 
may be justified by an actual increase in 
effective illumination. 


In applying the foregoing principles and 
factors in a given case it is necessary to 
fix the location of the light sources. In 
elaborately finished interiors the position is 
determined with reference to symmetry and 
architectural requirements. In such cases 
the efficiency of the system is not the prime 
consideration and is subordinated to the 
esthetic features. In certain offices and 
work rooms, on the other hand, where no 
architectural limitations are imposed, the 
problem may be solved with sole reference 





7. Art of Illumination. Dr. Louis Bell, p. 307. 


2) 


to securing the maximum illuminating re- 
sult of the energy supplied. The subject 
may be best presented by reference to ex- 
amples from actual practice in the lighting 
of public buildings. 

In the planning of the new Y. M. C. A. 
building, Washington, D. C., the illuminat- 
ing requirements were first carefully stud- 
ied and the position of fixture outlets and 
general type of fixtures and light sources 
including accessories determined. The wir- 
ing system was then planned to furnish 
the electric: current in the right place, in 
the proper amount, and subject to the de- 
sired switch control. It would be needless 
to refer to this fact if this method, which 
is logically the proper one, were not so 
rarely followed in general architectural 
practice where the fixture outlets are es- 
tablished in location and capacity by prec- 
edent or a rule of thumb method which 
had its origin in the days of the gas chan- 
delier. In such cases the fixture designer, 
as well as the illuminating engineer, if the 
latter is so unfortunate as to be compelled 
to cope with the additional limitations of 
fixed outlets, is subject to many needless 
restrictions. The third floor is devoted 
principally to educational work and _ in- 
cludes a number of class rooms. This room 
is shown in plan and elevation in Fig. 7. As 
the room was designed for class room and 
lecture purposes, it was necessary to fur- 
nish adequate illumination for reading and 
writing in all parts of the room on a plane 
about 30 inches from the floor. Between 
2 and 3 foot-candles illumination was de- 
cided upon as necessary, and on account of 
the blackboards located on one side of the 
room and the uncertainty of the color value 
of the remainder of the wall, it was de- 
cided not to make any allowance for reflec- 
tion. A number of light sources were 
chosen in order to prevent shadows and 
to secure a fairly uniform illumination over 
the entire working area. 


The natural selection of outlets for such 
a room according to conventional methods 
would be the two central outlets on the 
major axis of the room. This method, 
however, would not result in securing a 
uniform illumination on the working plane, 
and in order to bring up the results to the 
proper amount at the most distant points 
in the room, an excess illumination would 
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FIG. 7.—THIRD FLOOR PLAN, Y. M. C. A. BUILDING, WASHINGTON, D. C. 


be furnished under the light source. A 
large number of light sources would result 
in exceeding the minimum illumination at 
fewer points, and would therefore be more 
economical, since by this means the aggre- 
gate candle-power could be reduced. The 
inverse square law also applies here, as 
with a larger number of light sources the 
average distance of the source to the point 
illuminated is less. The arrangement of 
outlets shown in Fig. 7 was finally selected 
as the result of preliminary calculation. 
The actual location of the outlets as shown 
on the plans are slightly shifted from the 
theoretical requirements to make the ar- 
rangement symmetrical in the room; also 
in consideration of a possible future di- 
vision of the room by a partition in the 
center. 

The light source which was selected as 
giving a satisfactory distribution was the 
Meridian lamp with frosted globe and pris- 


matic reflector. By trial calculation the 
No. 2 unit was chosen, and its height from 
the ceiling made the minimum consistent 
with the required illumination on the work- 
ing plane. The height of the lamp from 
the floor was thus made 9 feet 9 inch- 
es, a height which also places the light 
source practically out of the ordinary 
line of vision, with the arrangement of 
chairs and desks as shown in the photo- 
graph of the room, Fig. 8. The results of 
calculations based upon the sum of the 
partial illuminations from the 10 Meridian 
lamps are shown by the illumination curves 
in Fig. 7, taken on a diagonal and one 
transverse section. In the interests of tem- 
porary economy in lighting service the No. 
1 Meridian unit, giving approximately one- 
half the illumination furnished by the No. 
2 unit, has been installed. The practical 
result is an illumination which is satisfac- 
tory in distribution but insufficient in quan- 
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tity. The present result is sufficiently in- 
dicative, however, that the illumination fur- 
nished by the No. 2 unit upon which the 
calculations were based would be entirely 
sufficient. On the wiring plan the capacity 
of the lighting outlets is denoted in 16-cp. 
equivalents. The No. 2 Meridian unit was 
planned for all the principal outlets and 
the No. 1 unit for outlets in corridors 
and similar positions. Ceiling clusters 
of Meridian units are also used in 
the assembly room. In the drafting 
and typewriting rooms the illumination 





PIG. O.— CLASS ROOM, Y. M..C. “A. 
BUILDING. 


is secured by cord drops adjustable for 
height and fitted with a 10-inch green por- 
celain cone shade with white glazed in- 
terior surface. Both drafting and typewrit- 
ing require a high intensity of illumination 
and entire freedom from objectionable 
shadows, and this result can generally be 
most economically and_ satisfactorily se- 
cured by local lights rather than by the use 
of fewer lighting units of high candle- 
power. 

An entirely different solution of such a 
problem is presented in the illumination of 
the room on the fifth floor of the New 
York Post-office, occupied by the Interna- 
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tional Money Order Division. This room 
is. shown: in’ plan; Fig. to, Fig. It is a 
photograph of the room taken by flashlight 
showing the large number of clerks en- 
gaged in transcribing money order records 
by typewriter to large folio sheets. A 
photograph taken at night by the aid of 
the light from the Cooper Hewitt lamps 
installed showed a very uniform general 
distribution. When the illumination of 


this room was planned, a system of local 
lighting by incandescent lamps was consid- 
ered, involving 135 16-cp. lamps on cord 





FIG. 9.—NEWSPAPER READING ROOM, 
CONGRESSIONAL LIBRARY. 


drops, and 9 8-light clusters to provide a 
general illumination, thus aggregating in 
all 207 16-cp. lamps which, on the basis of 
50 watts for each lamp, would require 10.35 
kilowatts energy. It was recognized that 
the system would be awkward to install, 
inefficient in operation and unsightly in ap- 
pearance. An alternative method would 
have been to install a smaller number of 
lighting units of high candle-power. Such 
units, if of high intrinsic brilliancy, would 
have to be placed near the ceiling to avoid 
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the glare in the field of vision, and should 
preferably, even in this location, have dif- 
fusing globes to reduce the intensity of 
light entering the eye by direct reflection 
from the white paper in front of each clerk. 
The clerical work performed in the room 
apparently requires a high intensity of il- 
lumination, probably not far from 3 to 5 
foot-candles of illumination normal to the 
desk plane. The Cooper Hewitt lamp was 
installed experimentally, as the color value 
does not affect the usefulness of the lamp 
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REPORT ON MEASUREMENT OF HORIZONTAL IL- 
LUMINATION IN THE INTERNATIONAL 
MONEY ORDER DIVISION ROOM ON THE 

FIFTH FLOOR OF THE NEW YORK 
POST OFFICE BUILDING. 
GENERAL CONDITIONS. 

Light Sources.—Eighteen 21-inch type H 
mercury vapor tubes, operating on a II5- 
volt system, two in series, consuming 3% 
amperes, placed 12 feet 8 inches above the 
floor. Tubes had been burned 1,000 hours 
more or less. 
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FIG. IO.—INTERNATIONAL MONEY ORDER ROOM, NEW YORK POST-OFFICE. 


for this work. The installation has been 
in service about ten months and has given 
entire satisfaction to the employees who 
use it. It has the advantage of an effi- 
ciency of .60 to .75 watts per candle when 
installed without the reflector, combined 
with a low intrinsic brilliancy.® 

In order to present in this paper reliable 
‘figures of the horizontal illumination, the 
services of the Electrical Testing Labora- 
tories were secured to make an _ illumi- 
nometer test in the presence of the writer. 
The full report follows: : 





8. The Cooper Hewitt System of Mercury Vapor 
Lighting. C. H. Vom Baur. Tuer ILLUMINATING 
ENGINEER, August, 1906. 


The Room Illuminated.—Approximately 
61 feet long, 39 feet 6 inches wide and 20 
feet 2 inches high. Room finished in cream 
color with dark woodwork trimmings; fur- 
nished with flat-top desks, whose illumina- 
tion is the chief object of the lighting in- 
stallation. 

The location of the mercury vapor tubes 
and the points at which the illumination 
was measured are indicated in the attached 
blue print (Fig. 10). These test stations 
were selected without reference to the lo- 
cation of the tubes. Stations Nos. 1 to 13 
inclusive were laid out at equal intervals, 
and the numerical average of the values 
there determined should afford a fair ex- 


THE ILLUMINATING ENGINLEN. 


pression of the average intensity of illumi- 
nation throughout the area which the test 
stations represent. The remaining test sta- 
tions were chosen in order to show particu- 
lar features of the illumination, such as 
uniformity and general_ diffusion. 

The horizontal illumination at each point 
was measured at a distance of 3014 inches 
above the floor. «:4 i 
Method of Test. 

The intensity of illumination was deter- 
mined by means of a Weber photometer, 
especially arranged for work of this char- 
acter. This instrument, as well as the elec- 
trical instruments used, and the observer, 
were so disposed as to obviate any error 
arising from objective interference. The 
lux is used as the unit of illumination in 
this report. It is equivalent to the illumina- 
tion produced on a plane surface by a 
cource of I cp. at a distance of 1 meter, the 
rays of light falling upon the surface per- 
pendicularly. One lux is equal to 0.093- 
foot candle. . 
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g. This point was selected as likely to afford the 
lowest illumination intensity to be found in the 
room. 
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FIG. I12.—-MONEY ORDER ROOM, NEW YORK POST-OFFICE. 


Average of Stations Nos. I to 

£2 (AN CISIVer es te eee 61 luces 
Avetage-olall-stations\4. Ak 02.4 
Average variations 

from mean intensity 15% 
Maximum variations 

from mean intensity 55% (Station 20) 
Average luces per 
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ELECTRICAL TESTING LABORATORIES, 
Approved by Preston S. Millar. 
Crayton H. Suarp, Test Offices. 


The average horizontal illumination is 
thus shown to be 61 luces, or nearly 6 foot- 
candles, an amount which is probably in 
excess of the actual requirements. As a 
satisfactory distribution could not be se- 
sured from a small number of units, and 
as the type H unit is the smallest unit 
manufactured, the horizontal intensity can- 
not be reduced except by raising the tubes, 
and this would appear advantageous in or- 
der to place the lamps farther from the field 
of vision. While the intrinsic brilliancy of 
the unit is low, the combined effect of six 
or more tubes which come within the field 
of vision from one end of the room is un- 
comfortable. Probably one reason why no 


complaint has arisen thus far from this 
cause, is the fact that during by far the 
larger number of hours of lighting service 
the artificial lighting is combined with day- 
light of greater or less intensity. 

In the Bureau of Engraving and Print- 
ing, Washington, D. C., 8 type H Cooper 
Hewitt units are installed in a press room 
78 feet long, 44 feet wide and 11 feet It 
inches high, having 22 presses operated by- 
66 employees. In the New York installa- 
tion I type H unit serves 134 square feet 
of floor area; in the Bureau of Engraving 
and Printing it serves 429 square feet. A 
part of this difference is accounted for by 
the difference in ceiling height and also by 
the omission of reflectors over the lamps in 
of the Cooper Hewitt installation in the 
the New York installation. In this connec- 
tion it is interesting to compare the data 
New York Post-office with that of an incan- 
descent lamp installation in a room in the 
same building of approximately the same 
floor area, where work of practically the 
same character is performed by the Money 
Order Division. A photograph of the room 
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referred to is shown in Fig. 12, and its 
floor area is 2,295 square feet and ceiling 
height 22 feet. It has a lighting equipment 
as follows—aggregating 173 16-cp. oval an- 
chored filament incandescent lamps: 30 
cord pendants with 10-inch porcelain green 
cone reflectors, 3 wall brackets, 5 8-light 
clusters with flat porcelain shades. 

The lamps have an efficiency of 3.1 watts 
per mean horizontal candle, so that the to- 





vision in the Post-office, Chicago, Ill. Here 
the distribution is effected by parabolic 
metal reflector shades with satin aluminum 
finish, and 8-cp. oval anchored filament in- 
candescent lamps of 3.1 watt efficiency, 
horizontal rating. A small amount of gen- 
eral illumination is secured from 5-light 
wall brackets 20 feet above the floor and 
equipped with prismatic shades. The space 
shown being under a large skylight, bracket 


ys 


NEW YORK CITY. 


FIG. I3.—MONEY ORDER ROOM, CHICAGO POST-OFFICE. 


tal input with all lamps in service is 8.58 
kilowatts. This installation, which is typi- 
cal of a great many offices and working 
rooms throughout the country, was made 
before the advent of high efficiency incan- 
descent lamp units, prismatic and other effi- 
cient reflectors and accessories, which 
would render a modern lighting system of 
the same type more effective and economi- 
cal. Fig. 13, for example, is a photograph 
showing the local lighting system applied 
to the same work in the Money Order Di- 


locations were necessarily depended upon 
for this purpose. 

The desk fixture shown is adjustable in 
all directions, so that the lamp can be 
shaded from the eye and the light directed 
upon the work at such an angle as to pre- 
vent its direct reflection from the writing 
paper to the eye. The distribution curve 
of a parabolic shade of the type used as 
determined by the Electrical Testing Lab- 
oratories for the D’Olier, Jr., Company, is 
shown in Fig. 16. The advantages of the 


FIG. 14.—POSTAL SUBSTATION, 
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system, as shown in Fig. 13, as compared 
with that depicted in Fig. 12, lie principally 
in reducing the candle-power of the local 
lighting one-half, and in rendering the in- 
stallation more flexible and sightly. The 
results in the Chicago office are in general 
satisfactory, the principal criticism being 
that the general lighting is not sufficient 
to prevent a sharper contrast than is de- 
sirable between the illuminated field under 
the reflector and the portion of the desk 
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FIG. I5.—DISTRIBUTION OF LIGHT IN TWO 
VERTICAL PLANES OF I6 CP. LAMP. 
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FIG. 16.—DISTRIBUTION OF LIGHT IN VERTICAL 
PLANE OF I6 CP. LAMP IN D’OLIER 
REFLECTOR. 


outside of its range. The _ physiological 
effects of such contrasts have been pointed 
out by Dr. Louis Bell and others.” 

An adjustable fixture of the same type, 
equipped with a parabolic reflector and 8- 
cp. lamp is also used, mounted on the top 
of routeing and mail sorting cases in the 
Chicago Post-office. A view of one side be- 
tween two rows of routeing cases is shown 
m Wiest 7. 





10. Transactions of the Illuminating Engineering 
Society, June, 1906. 


THE ILLUMINATING, ENGINEER: 


In Station P in the new Custom House, 
New York City, cases and furniture of the 
same character will be fitted with a rigid 
fixture fitted with a prismatic reflector hav- 
ing a green celluloid cover, in the effort to 
exclude side reflection and to shade the eye 
from the glare of adjacent lamps even more 
than is accomplished by the use of the para- 
bolic reflector. The proposed arrangement 
is shown in Fig. 16A, which also shows the 
distribution curve of the reflector selected. 

In certain instances it is practicable to 
provide a general illumination for post-office 
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FIG. 16 A.—FIXTURE FOR LIGHTING FILING 
CASES. 


work of the character shown, the 4-light 
gas arc lamp light being particularly suc- 
cessful when so applied by reason of its low 
intrinsic brilliancy. The diffusion is also 
quite satisfactory when used with alabaster 
or opal globes. The efficiency of a 4-light 
gas arc lamp with respect to its total flux 
of light, has been shown by test to be less 
than that of four individual mantle burn- 
ers, due to interference of light from the 





11. Principles of Illumination from the Stand- 
point cf the Gas Engineer. V. R. Lansingh. Proc. 
Western Gas Association, May 16, 1906. 
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group of four burners in the arc. As the 
result of extended practical experience in 
the use of both four-arm pendants with in- 
dividual Welsbach mantle burners and gas 
arc lamps, the practical advantages of a 
concentrated light source of low intrinsic 
brilliancy appear to outweigh the difference 
in efficiency shown by a laboratory test. 
One reason for this apparent discrepancy 
between theory and practice may be ac- 
counted for by the fact that the gas arc 
lamp is simpler to adjust and maintain, and 
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burner. Fig. I9 gives a view of a postal 
sub-station in Philadelphia, Pa., which is 
equipped with mantle burners of the in- 
verted type. 

The examples of interior illumination 
thus far presented have related to large 
working offices where efficiency and ef- 
fectiveness of the system is of prime con- 
sideration, and the problem can be ap- 
proached in a scientific way. In the class 
of large interior rooms of architectural im- 
portance occupied by the public, such as 





FIG. 17.—MAIL SORTING CASES, CHICAGO POST-OFFICE. 


in general is less liable to derangement and 
deterioration than four individual burners, 
each with its separate equipment of shades 
and accessories. -A typical installation of 
gas arc lamps is shown in the photograph, 
Fig. 18, of a postal sub-station in New 
York: City. 

The inverted mantle gas burner is ap- 
parently particularly efficient and satisfac- 
tory as applied in postal work-room illu- 
mination by reason of the large percentage 
of light below the horizontal—67 and com- 
pared with 45% for the upright mantle 


court rooms, assembly and library reading 
rooms in large public buildings, the archi- 
tectural and esthetic conditions imposed 
outweigh the bare engineering considera- 
tions.. This does not mean that such prob- 
lems <can be approached without reference 


to.the principles of illumination, as is evi- 


denced by many unsuccessful examples, 
but that accepting the natural conditions 
imposed in. a given case, the final result 
should be secured by the adroit use of 
available methods applied scientifically. 
Four typical examples of the lighting of 
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FIG. 18.—SUB-STATION, NEW YORK POST-OFFICE. 


I9.—WEST 


SIDE WORK ROOM, SUB-POST-OFFICE, WEST PHILADELPHIA. 
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FIG. 20.—EAST SIDE WORK ROOM, WEST PHILADELPHIA SUB-POST-OFFICE. 





FIG. 21.—OFFICE ROOM, WEST PHILADELPHIA SUB-POST-OFFICE. 
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public rooms, presenting as many radically 
different solutions of the problem of illu- 
mination are exhibited by the following 
CASES : . 

L., Court. -reom,  United:*2States” Court 
House and Post-office, Chicago, Ill.—Pho- 
tograph, Fig. 23; plan and elevation, Fig. 
22. 

Il. Court . room,: Wnited 2States- Court 
House and Post-office, Indianapolis, Ind.— 
Photograph, Fig. 25; plan, Fig. 26. 

LIE. -Gourt 22r00m;. = Onondasa-—- -County, 
Court House, Syracuse, N. Y.—Photograph, 
Fig. 245 fixtures. Mies» 28,.20.) 

1V. Newspaper reading room, Library of 
Congress, Washington, D. C.—Photograph, 
Fig. 209. | 

In order to briefly present the important 
characteristics of the lighting installation 
in a comparative way, the following table 
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has been prepared showing such data as 
may prove of interest: 

Case I is a room equipped with 12 4- 
light and 4 3-light fixtures over the sky- 
light with pagoda reflectors No. 2673 and 
16-cp. lamps, giving a well-diffused down- 
ward light through the ground-glass sky- 
light; 22 16-cp. frosted lamps are located 
on two main transverse ceiling beams and 
fitted with pagoda reflector shades No. 
2631; 36 &-cu. frosted lamps are located on 
ceiling beams under skylight, with reflect- 
ors; 71 8-cp. bare lamps are installed in the 
cove about midway between the floor and 
the ceiling. These lamps are used without 
reflectors and produce illumination of the 
wall space above far from untform:, ‘The 
exposed lights below the skylight beams 
and the covelights are not necessary in the 
illumination of the room and are rarely 
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FIG. 23.—COURT ROOM, FEDERAL BUILDING, CHICAGO. 





FIG. 24.—COURT ROOM, ONONDAGA COUNTY COURTHOUSE. 
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FIG. 25.—COURT ROOM, FEDERAL BUILDING, INDIANAPOLIS. 


used. The remaining illumination is se- 
cured by 8 brackets, each with 4 8-cp. 
frosted lamps \and" © -e2-cpaslamip, anopal. 
escent flame-tip shade, and 4 double brack- 
ets with twice the lamp equipment men- 
tioned. The resultant illumination from 
the lamps above the skylight, studded lamps 
on ceiling beams and from the brackets is 
apparently both adequate and satisfactory. 
The reflection value is high, the finish 
being in white marble and plaster. The 
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FIG. 20.—PLAN, EAST COURT ROOM, FEDERAI 
BUILDING, INDIANAPOLIS. 
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lighting equipment is typical of that in four 
similar court rooms on the same floor.® 
Case II presents a much simpler treat- 
ment. The principal illumination is here 
secured from 16 brackets of special design,” 
supporting 4 6-inch and 1 10-inch ground- 
glass ball globes, the former with 16 and 
the latter with 32-cp. lamps. The brackets 
are II feet above the floor, but on account 
of the size of the room are within the line 
of vision. For this reason it was necessary 
to use diffusing globes by means of which 
the intrinsic brilliancy is reduced to about 
one-seventh of 1 candle-power per square 
inch. The 66 frosted lamps of 16-cp. lo- 
cated under the skylight are used for dec- 
orative effect, and aid materially in bring- 
ing out the details of the mural decoration. 
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The-resultant effect is believed to be satis- 
factory and agreeable to the eye. | 

Case III. This court room is illuminated 
by pendant fixtures of the design shown in 
Fig. 28, and brackets of the type shown in 
Fig. 29, all equipped with ground-glass ball 
globes cut as indicated for decorative effect. 
Pagoda reflectors will be used in the 12- 
inch ball globes to secure an efficient down- 
ward distribution of the light. The lowest 
point of the pendant is about 12 feet above 
the floor, but the intrinsic brilliancy of all 
light is here reduced to about one-ninth of 





13. The Illumination of the Federal Building, 
Chicago, [1]. . E. Woodwell. THE ILLUMINA- 
TING ENGINEER, July and August, 1906. 

14. The Illumination of the Federal Building, 
Indianapolis, Ind. J. E. Woodwell. Tue ILivu- 
MINATING ENGINEER, May, 1906. 
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I candle-power per square inch. The fix- 
tures have not been placed in service yet, 
so that no statement of results can be 
made at this time. 

Case IV. This room presents a somewhat 
different problem from that of the illumi- 
nation of the court rooms, and one much 
more difficult. To read newspaper print at 
an angle of a newspaper rack requires an 
illumination normal to the paper of about 
2 foot-candles, considerably more than is 
secured by the present equipment according 
to a rough calculation, ignoring the effect 
of distant light. The room is 215 feet long 
by 35 feet wide, and has a lighting equip- 
ment of 238 16-cp. oval filament lamps dis- 
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FIG. 31: 


tributed about 2 feet apart on the ceiling 
beams, as shown in the photograph. The 
height of the lamps from the floor is 17 
feet. Each lamp is equipped with a pagoda 
reflector shade No. 2621. 

Independent of the apparent deficiency in 
candle-power for the requirements of the 
room as borne out by experience and 
checked by calculation, this method of illu- 
mination appears to have much to commend 
it. In practice, however, it is open to sev- 
eral objections. The length of the room is 
such that a very large number of lamps is 
brought within the field of vision at one 
time, as shown in the photograph, and 
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though the brilliancy of each unit is small, 
the effect in the aggregate is to reduce the 
sensibility of the eye. This effect would 
apparently be entirely eliminated by the use 
of a prismatic reflector of “conical form 
with an opaque cardboard cover to cut off 
the side light. The position of the lamps, 
however, is not favorable with reference to 
the natural location of the newspaper racks 
opposite piers, as shown in Fig. 30. The 
light rays from lamps on beam A strike the 
paper at a very oblique angle, while the 
reader cast an objectionable shadow pro- 
duced by the lamps at B. One solution of 
such a problem would be to provide 4 fix- 
tures in each of the 15 veiling panels, con- 
sisting of a 13 or 14 inch ground-glass ball 
globe with single lamp of 75 or I00 cp. 
mounted in a suitable holder close to the 
ceiling. _By placing a prismatic reflector 
above the lamp inside the ball globe the 
required distribution of illumination is se- 
cured with good diffusion and low intrinsic 
brilliancy. The intensity of the light regu- 
larly reflected is also advantageously re- 
duced. A fixture of this type used for cor- 
ridor illumination in the Onondaga County 
Court House is shown in Fig. 30. A lib- 
eral provision for ventilation of a fixture 
of this type is made to prevent the undue 
shortening of the life of the lamp by over- 
heating. The character of distribution se- 
sured by such a fixture with several com- 
bination lamps and reflectors is represented 
by the curves in Fig. 31. 

Too much emphasis cannot be placed up- 
on the necessity of reducing the intrinsic 
brilliancy of an incandescent electric lamp, 
and the advantages of using diffusing 
globes of the type described is usually 
more than sufficient to offset the losses 
due to absorption. 

Moreover, the use of a large, well-ven- 
tilated outer globe of ground glass present- 
ing ample radiating surface does not seri- 
ously reduce the life of the lamp, as has 
been shown to result from frosting the 
lamp globe itself. 
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DISCUSSION OF THE PAPERS 


Mrs; Eo be Elites Mrs Chairnian, * it 
seems to me that both the papers that have 
been presented this evening form a valu- 
able and permanent contribution to the 
literature of illuminating engineering. Mr. 
White’s paper, although strictly mathemati- 
cal and technical, seems to me to be of 
value comparable to the graphic method 
that is generally used for determining mean 
spherical or hemispherical candle power— 
that is, the Rousseau diagram. So far as 
J am aware, Mr. White’s method is en- 
tirely original, and offers, as he states here, 
a very ready means of determining the data 
which the illuminating engineer most fre- 
quently wants, i. e., the illumination in 
foot-candles at a certain distance from a 
certain light-source or light-unit. 


It occurred to me while the paper was 
being read that possibly the use of a sep- 
arate scale in place of the one permanently 
printed at the side of the diagram might 
be somewhat more convenient for regular 
use; and the diagrams are slightly confus- 
ing at first sight on account of the nume- 
rous lines on them. Many of these, espe- 
cially the concentric circles, can be omit- 
ted without interfering with the general 
purpose. I presume that those were drawn 
on ready prepared paper. 


This form of curve is certainly very easy 
to begin with, requiring only the computing 
of the square roots of the intensities at 
various angles; and the reading and inter- 
pretation of it is almost equally simple, as 
he points out. 

In the paper by Mr. Woodwell a great 
deal of valuable information is given—val- 
uable because it represents the results of 
actual work. 


Referring to one of the last examples 
which he gives, on page 36, of the illumi- 
nation of the newspaper reading room in 
the .Congressional library, I think Mr 
Woodwell treated this, in his discussion, 
somewhat less vigorously than the case de- 
mands. I have been in the reading room 
and it impressed me at the time as being 
positively the worst example of lighting for 
the purpose that I had ever beheld. I think 
that anyone whose eyes could stand an 
hour’s reading in that room every night 
ought to congratulate himself. It is im- 
possible to get in any position in the room 
in which you do not have a line of light 
staring you straight in the eye. Imagine 
yourself, for instance, in the front looking 
down the room, as in the picture. You are 
standing also probably in your own shadow. 


It occurred to me while he was explain- 
ing, to suggest as a possible remedy the 
placing of lights over the reading desks, 
“very much in the manner they are placed 
over sorting desks in handling mail, which 
might be an available method if there were 
no difficulties in the wiring. - 


I think the Society is to be congratulated 
on these two papers. 

Mr. A. H. Elliott: In looking over these 
papers, which only came into my hands 
this afternoon, I am struck very forcibly 
with one thing that has been developed bya 
number of men working principally with 
the electric light, and that is the study that 
has been given to illumination, as com- 
pared with photometric power. As you 
know, I have been for many years con- 
nected with gas, and we have been trying 
our level best to get out of the cubic foot 
of gas the greatest amount of light. Well, 
that may be a useful thing to do, but we 
are confronted with a problem now that is 
an altogether new one: the light that we 
need, we need for the proper use of the 
eye. That is to say, we need it in con- 
junction with the eye; and this factor is 
now for the first time brought out, to my 
mind, most strongly by these papers, viz.: 
the importance of distribution of light as 
contrasted with its intensity. 

I also would like to call attention to 
something that I learned when I was more 
interested in photography than I was in gas. 
Some years ago I had a good deal of work 
to do in conjunction with photographic 
work and colors, and I was very much 
struck by the researches of some of the 
German workers who determined the 
amount of light reflected from certain 
sources. The thing that struck me most 
forcibly was the fact that pure plaster of 
Paris, clean, would reflect 80% of the light 
thrown on its surface. Now, if it is true, 
that seems to me a means of distributing | 
light uniformly without losing very much 
of it. In other words, it would be better 
to let the light strike a white plaster sur- 
face and then distribute it, rather than have 
an intense, pointed light that we take a 
great deal of trouble to tone down by 
glass globes, which absorb anywhere from 
15 to 20 per cent. of the light produced. 

Personally, I have to thank Mr. Wood- 
well for the amount of time and the inter- 
est he has taken to present the subject in 
such a form. 

Mr. Lytle: I have been sitting here taking 
it all in, and have learned a great deal. 
I think from the practical standpoint Mr. 
Woodwell’s paper is very comprehensive, 
and we can see from the paper that he 
has had a very great deal of practical ex- 
perience. I mean not only in designing 
lighting systems, but in closely observing 
the systems that are in practical use, and 
particularly in post-office work. I think the 
facts that he mentions of the varied re- 
quirements, and the fact that they require 
more light in that kind of work on account 
of the distributors of mail being obliged 
to read writing on different-colored paper 
and surfaces, are most important considera- 
tions. I think that a great many of the 
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lighting companies, as well as a great many 
companies that sell lamps, and a great many 
contractors who install them, absolutely 
forget to consider these points. Mr. Wood- 
well makes mention of lighting one of the 
West Philadelphia sub-post-offices with the 
Reflex lights, and you have, of course, seen 
a reproduction of the photograph in his 
paper. I was interested in that installation 
and found that the practical results were 
that the men working there seemed to be 
very well pleased with the effect, and 
after all that carries a good deal of weight. 
The individual using the light is the one 
very often not considered in laying out a 
system of this kind, or of any other kind; 
but, after all, the public will settle the 
whole question. I- don’t mean that you 
have to leave the distribution, the laying 
out, to the public; but I mean that they 
will decide which they like the best, and if 
you try to induce a man to take a low 
candle-power unit in his house, and it does 
not suit him, he will take a high-candle 
power unit, and vice versa; and Mr. Wood- 
well evidently takes these facts into con- 
sideration. 


I had occasion in Cleveland a few years 
ago to study the lighting of the post-otfice 
there, and I found the men there were very 
strong in their opinion as to the kind of 
lighting system they preferred. If a man 
thinks he needs a certain kind of light in 
his work, he will have it, because the men 
in the office soon discover which kind of 
light they receive the best results from. 


Mr. Gardner: I have been very much in- 
terested in listening to these really scientific 
papers on illumination. The remarks, espe- 
cially as to the varied amounts of candle- 
feet and the differing conditions, recalled to 
my mind a certain problem in the gas and 
electric light business. 


Particularly in the gas business, we are 
all accustomed to hear that gas is worse 
than it was a few years ago. ‘Nowadays 
when I go home I have to light two or 
three burners to light my table, where for- 
merly I lit only one,’ says a customer. 
Now, after ten years’ experience in the 
gas business, I have heard that remark so 
often that I have given considerable thought 
as to why this is, and why people honestly 
believe that the gas to-day is worse than 
it was before, and that they really are 
lighting two and three burners where for- 
merly they lit one. 


The explanation I evolved—I don’t know 
whether it is right or not, and I shall be 
very glad to receive a criticism of it right 
here in this meeting—was this: that years 
ago, say twenty years ago, ten years ago, 
fifteen years ago, the general public was 
accustomed to a very low degree of artifi- 
cial illumination. Gas then was a matter of 
16 candle-power; to-day it averages very 
much higher than that—it averages above 
twenty. Now, these gentlemen twenty 
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years ago who were accustomed to this 
low degree of artificial illumination, if they 
wanted to read a book, sat directly under 
the droplight. Nobody thought of reading 
except right by the light. To-day we are 
all accustomed to going into any public 
place and sitting down and reading any- 
thing anywhere, in any part of the room. 
Therefore, when we go back to our private 
homes, which are still equipped with the 
low fixtures or the old number of fixtures, 
we find perhaps the old conditions; we are 
very much dissatisfied, and we think, and 
we say that the gas is poorer than it ever 
was before. 

Now, I would like very much to hear 
opinions from gentlemen here as to the val- 
idity of the explanation which I have 
evolved for a statement with which cer- 
tainly all gentlemen in the gas business are 
acquainted. 

I would also like to ask if it is possible 
to work out and study the conditions as to 
the candle-feet of illumination that obtained 
under former conditions in private houses, 
libraries, public reading-rooms, etc., and 
compare these: with modern public condi- 
tions. What are the conditions that obtain, 
generally speaking, to-day, and what fifteen 
years ago, in private illumination? What 
is the standard by which the public has 
been educated, so that they now say that 
the illumination is poorer. 

Mr. Searle: Going back 22 years ago, 
when I first went into the lighting business, 
I can remember when nearly every house I 
visited as a boy had a fixture suspended 
from the ceiling, hung up with a hook. 
The fixture was lowered down to within a 
foot of the table for reading purposes. 
Nowadays the light remains high overhead, 
whether for reading or otherwise. That 
accounts very largely for the difference, 
and for the complaint from the older con- 
sumers. You will find it is generally the 
old consumer who complains. 


Dr. Seabrook: Mr. Chairman, I have no 
intention of taking much time; I am sim- 
ply here to try to learn something about il- 
lumination. But the problem of the last 
three speakers, speaking about the present 
system of illumination, and why it is that 
people cannot see as well with presumably 
the same illumination as they did years 
ago, I think is answered on a somewhat 
different basis. 

Mr. Woodwell. in speaking of this ques- 
tion, remarked that high intensity of illu- 
mination did not necessarily produce a 
better efficiency. That is the first time I 
think I have heard that point advanced 
since I read it in the textbooks of my youth, 
and in Helmholz, whose writings go back 
fifty years. Helmholz states that the best 
vision is obtained with an _ illumination 
equivalent to that produced by daylight 
(not direct sunlight) about two feet from 
a closed window on a clear day. That, 
taken as a standard, is the amount of illu- 
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mination with which one can easily detect 
differences in volume of light, shadows, etc. 


Over thirty years ago there was a very 
wide discussion, and prizes were offered 
by eminent men for essays upon the ques- 
tion of illumination. One essay summed 
up the subject in these words: that visual 
increase only takes place within the limits 
of medium illumination, and then as the 
intensity is increased, visual perception in- 
creases about as the logarithm of the in- 
tensity. The reason, as it seems to me, 
why the eyes give out with the same illu- 
mination that they had formerly, is not 
a question wholly of position, but is rather 
due to this fact. All civil service examina- 
tions give practically no attention to the 
near vision; it is only the far vision that 
is considered. 

As time goes on, and more work is done 
at night, and the eyes become fatigued, the 
tendency is to increase the intensity of illu- 
mination without regard to its quality; and, 
as Dr. Bell stated in his paper last spring, 
when the intensity of the illumination is 
increased the pupil contracts, mostly 
through the actinic rays, I believe; and 
with that contraction the eye becomes more 
fatigued. In proof of this I would men- 
tion that | have known many people, sur- 
geons and the like, to resume the old kero- 
sene burner of sufficient intensity. It is 
practically impossible to increase kerosene 
light beyond the proper intensity. The 
proportion of actinic rays in kerosene to 
electric light of equal intensity is about I to 
to. With an equal candle power there 
would be 1-1oth the chemical rays in the 
kerosene as compared with the electric 
light; and I have known many a man to 
resume the old kerosene burner and find 
_ the illumination sufficient. 


Dr. Sharp: Mr. President, Mr. Wood- 
well suggested a point in his paper which I 
think is likely to be overlooked sometimes 
in planning systems of illumination and 
which is of a good deal of importance. 
This suggestion is in connection with the 
diagram which he gives of the angles at 
which the light falls on those newspaper 
desks in the Congressional library. I don’t 
suppose that there is any question but that 
there is a sufficient amount of light in that 
room. The illumination on the newspapers 
is not a good one, not because there is 
not light enough, not entirely because there 
is the glare of light in the eyes of the 
reader, but because the light does not fai 
on the newspaper at the right angle. If 
we are going to illuminate surfaces we 
must consider the direction from which 
light comes, in regard to the proper illu- 
mination. If we have a sitting-room or a 
library in our home it is not sufficient to 
try to illuminate that room with, we will 
say, one good-sized light up near the ceil- 
ing, not because it will not produce enough 
illumination, but because, in order to utilize 
that amount of illumination we have to 
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hold any book or paper that we are read- 
ing in more or less of a horizontal posi- 
tion. Holding the paper up requires that 
the light should come, not from the ceiling, 
which brings the light down to the proper 
point. Then the rays which we wish to use 
will have the proper intensity. In other 
words, the horizontal rays illuminating a 
vertical plane are more useful in those cir- 
cumstances than the vertical rays which 
illuminate a horzintal plane. Consequently 
it is in all cases by no means sufficient to 
consider the illumination on a _ horizontal 
plane in a room; we must take account, and 
very marked account, of the illumination on 
a vertical plane in the room, and also the 
normal illumination in many cases. 


Referring to Mr. Woodwell’s paper, on 
page 15, he has given in the diagram the 
illumination of the Y. M. C. A. classroom 
very nicely, it seems to me. He has shown 
what the value of the illumination in that. 
room is in a line across it, but we must: 
remember that that room has a blackboard 
at one end or at one side, and I think it is. 
at the side that the horizontal illumination,, 
as shown by this diagram, is the weakest. 
Now, that may not mean that the vertical il-- 
lumination is the weakest, but certainly- 
from this data you can form no idea as to» 
the efficiency of the illumination of that: 
blackboard. It would be necessary to sup~ 
plement this diagram by a diagram show- 
ing the vertical illumination along ‘the 
wall in order to tell the whole story. It is 
another case in which the direction in 
which the light comes is a matter of very 
considerable importance in the considera- 
tion of the question of illumination. 

The point which has been brought up as 
to the difference of our standards, or the 
difterence (of eyes, or the difference , of 
something, in judging of illuminations, is 
very interesting. I think there is no dif- 
ficulty in going “back to the records to show 
that the standard of illumination has stead- 
ily increased; that if you go back:to the 
days in which illumination was done prac- 
tically entirely by candles, and compare 
that with the illumination which was pro- 
duced by open gas, you will find that the 
illumination in the latter circumstances 
was much higher. The introduction of 
electric light, which lends itself to very 
many differing forms of treatment which 
the gas flame is incapable of submitting to, 
has also produced a tremendous increase in 
the standards of illumination. Now, while 
the physiological effect to which the last 
speaker referred undoubtedly has its influ~ 
ence, yet I am inclined to think that the 
reason why the gas of to-day is not as goou 
as the gas of twenty years ago, is that we 
have simply become accustomed to a higher 
degree of illumination, and find that the 
illumination to which we were formerly ac- 
customed is an insufficient one. If you will: 
go along the business street of to-day, par- 
ticularly in a country village, you will, 
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somewhere come across a store that 1S 
lighted with kerosene lamps. That is the 
store of a very wunprogressive merchant. 
Twenty years ago that store was well 
lighted, it compared well with its neigh- 
bors, but at the present time it looks like 
a spot of dismal darkness on the street. 
Why is it? It is simply because his neigh- 
bors have installed other means of illumi- 
nation which produces a better effect, and 
by comparison the store of the other mer- 
chant seems not so well illuminated, though 
it is not differently illuminated from 
twenty years ago, when that method of 
illumination was considered entirely. suffi- 
cient. 

The question has been raised by the gas- 
lighting people upon the introduction of the 
mantle burners. This question is the same 
as the question which, to a certain extent, 
confronts the electric lghting people of 
the present day when electric lamps of a 
higher illuminating capacity are produced. 
It is this: what is going to be the effect 
of these higher illuminants upon our rev- 
enue? The fact has been with the gas 
people that the effect of an illuminant like 
this has been that they have sold more gas. 
Their revenue has increased; that is to 
say, the public has taken the. value of its 
bills, not in increased bills, but in increased 
light; and the result has been largely in- 
creased illumination. And that is likely to 
be the effect also of the introduction of 
higher efficiency in electric lamps, and is 
only another indication of this constant 
toning up of the average scale of illumi- 
nation. 

Mr. Thompson: I think that every illu- 
minating engineer ought to study to be an 
oculist as well as to be an egineer. The eye 
is one of the most complex instruments, 
and seems to be endless in its intricacies 
and its behavior. It is like a child or like 
an animal; you think it obeys you, but it 
does not. It has ways of its own. In dark 
spots and very light spots the eye is un- 
controllable. It is hurt in a room where 
there are dark shadows and bright spots. 

I learned from experiment that for 
proper diffusion, intensity, etc, we need 
a large quantity of light, and in consequence 
of that experiment I have always used in 
the evening: a 32 candle-power light with 
one of these green outside shades. At the 
same time we must have other lamps in the 
room so as to get the general effect. You 
must not have the rest of the room dark. 

Mr. Gardner: Mr. Chairman, I want to 
say a word in confirmation of some of the 
last remarks. I have been actively con- 
nected with the commercial and practical 
side of electric lighting. At the last con- 
vention of the National Electric Light 
Association we had a very interesting pa- 
per on the introduction of the tantalum 
lamp. The opinion was expressed that the 
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use of higher efficiency lamps would cut 
down the revenue from current. I then 
stated that that had not been the experi- 
ence of gas companies in the introduction 
of the Welsbach lamp. I want to agree 
with Dr.. Sharp. I think that is -a very 
sound policy, a sound policy to give the 
public the best service you can for the 
money; they will take more of it every 
time. 

The Chairman: I would suggest that 
somebody obtain data on an actual intrinsic 
brilliancy of daylight illumination through 
a ground-glass window. I think it is very 
much less than any data given in the paper. 
The lowest figure which Mr. Woodwell 
gives in the latter part of the paper is 
one-ninth of a candle-power to a square 
inch. I think it will be found that in a 
well-illuminated room in the daytime, with 
ground-glass windows, we will have as low 
as I-50th or I-100th of candle-power, and 
that is what we want to get to. Our sources 
of illumination are entirely too bright. 

I may say that I have made quite a num- 
ber of such measurements myself, but I am 
not prepared to give them now as accurate, 
but I presume that they are as nearly ac- 
curate as those given in the paper. Is it 
Mr. Woodwell’s desire to close the discus- 
sion? 

Mr. Woodwell: In view of the lateness 
of the hour I have nothing further to 
say. I want to thank you for your very 
kind interest in the somewhat tedious pres- 
entation of the subjects in the paper. 

The Chairman: I wish to add that I am 
sure I voice the sentiments of the members 
in thanking Mr. Woodwell very kindly for 
his treatment of the subject. 

Mr. Gardner: Mr. Chairman, I want to 
call the attention of the members to a very 
able editorial in the last issue of the 
“Electrical World” entitled “The 16-candle- 
power Standard.” 

The Chairman: I have read the article 
in question, and I wish to place myself as 
emphatically opposed to the ideas presented 
in the article. (Laughter. ) 

Mr. Williams: In line with your re- 
marks, Mr. President, about the intrinsic 
value of illumination, I have had an experi- 
ence in my home that convinced me that we 
did have too much illumination. In the 
dining-room we have one of the large fix- 
tures, domeshaped, with two 16-candie- 
power lamps. I changed them to 8-candle- 
power, and found that one of them burned 
out. Now I find that one of them gives 
sufficient light for all practical purposes. 

In the reading-room or library we have 
a regular drop chandelier, with, three 16- 
candle-power lights, and a light in the 
hall which shines into the reading-room. 
We find in reading that we get better re- 
sults by having the hall light turned out 
than we do by having it on. 
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Papers Read Betore Technical Societies 


VARIOUS TYPES OF LAMPS AND 
PRACTICAL HINTS ON 
ILLUMINATION 


By S. B. Burrows. 


Read before the Association of Edison 
Illuminating Companies. 


The value of illuminating engineering is 
being more thoroughly understood with the 
development of this recently recognized 
science, for companies are realizing as they 
have not done before that the satisfaction 
and good will of the customer, which is a 
most important asset of any company, can 
best be secured by giving all the illumin- 
ation possible from every kilowatt-hour of 
current used. 

The illuminating engineer’s duty does not 
cease when an installation has been planned 
and installed, but he must seek to educate 
the consumer to the proper use of his light 
units so that he will get the greatest ef- 
ficiency out of his lighting service. 

_ The available data bearing on this sub- 
ject is meager, and it has been left to those 
who are making a specialty of this science 
to learn by experiment and study the effect 
of different units upon the optics, and the 
source best adapted to a given purpose, 
with accessories, distribution and control. 

In discussing the subject of “Various 


Types of Lamps and Practical Hints on Il- 
lumination” the writer will aim to present 
the types of lamps best suited for various 
purposes of commercial illumination. 

Practical illumination must include use- 
fulness, economy in distribution and con- 
trol, artistic and esthetic arrangement, and 
harmony with optical laws. 

Reversing the order and referring to the 
last first, opticians insist that the majority 
of weak and strained eyes are due to ar- 
tificial light, such being either too intense 
or not properly shaded. On this point the 
following law should be followed in prac- 
tically every illumination: No light should 
enter the eye direct from the luminous 
center: 

In treating the several heads, it may be 
well to generalize, rather than outline min- 
ute details of arrangement, because per- 
sons’ tastes differ, and the illumination must 
not only comply with general rules, but 
must also please the taste of the customer ; 
therefore, fixed rules cannot be established, 
except along general lines. 

The most recent development of general 
illumination has been toward the larger and 
more intrinsically brilliant units, for, while 
there has been a markd increase in the 
efficiency of lamps consuming from 100 to 
600 watts each, the smaller units have not 
made corresponding progress. 
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I. HOLOPHANE REFLECTOR. A GOOD TYPE TO USE. 2. FANCY GLASS REFLECTOR. 3. WHITE PORCE~ 
LAIN SHADE. POOR FOR READING OR WRITING. 4. PROPER MERIDIAN REFLECTOR. 5. WHITE 
PORCELAIN. 6. OPAL REFLECTOR. 7. HOLOPHANE GLOBE. A GOOD DIFFUSION. 8. READ- 
ING OR WRITING SHADE. GREEN EXTERIOR, WHITE PORCELAIN INTERIOR. 9. GROUND 
GLASS INTERIOR. A FAIRLY GOOD DIFFUSION. 10. OPAL GLOBE. POOR 


DIFFUSING SURFACE. 
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In the paper, however, presented by Mr. 
Wilcox at the National E. L. Ass’n. Con- 
vention at Atlantic City, data was pre- 
sented on the new metallic filament lamp in 
sizes ranging from 30 to 100 watts with 
an efficiency of 2% watts per candle and 
a life of eight hundred hours. This lamp 
indicates encouraging and immediate pros- 
pects in the smaller units, and it is to be 
hoped that the rumors of greatly increased 
efficiency in incandescent units will in the 
near future be fully verified. 

Reflectors, globes and shades play a very 
important part in illumination, both for re- 
flecting and diffusing the light; and very 
often the effect of well distributed units 
is spoiled by the unneccessary or improper 
use of reflectors or globes. 

To illustrate the wide differences in this 
class of ware the accompanying illustrations 
are presented. 

The best uniform illumination is obtained 
by distributing small units over the space 
to be lighted; but this is not always prac- 
ticable, for one must consider the architec- 
ture and purpose for which the space 1s 
used. 

Many features must be considered, and 
one of the most important is the color 
scheme. 

We know that colors are noticeable on 
account of the reflection of certain rays 
of light, others being absorbed; and this 
will make a wide difference in the illumina- 
tion of two rooms of opposite colors, with 
the same source of light. 

For instance, white will reflect 85 per 
cent; yellow, 45 per cent; light pink, 35 
per cent; light blue, 25 per cent; brown, 
15 per cent; Black, 5 per cent: chocolate 
4 per cent. So that the number of candle 
feet necessary in a room decorated in white 
would have to be increased for a yellow or 
other colored room in proportion to the 
light absorbed. 

The question as to which scale is the 
best to follow in figuring a given illumin- 
ation is -a moot question, but, in the 
writer’s opinion, the best standard is the 
candle-foot, though he has satisfactorily 
used the scales of watts per square foot 
and watts per cubic foot, the former when 
the object to be lighted was on a plane 
surface, and the latter in general illumin- 
ation, such as church lighting. 

Of course, as the source of light 1s 
raised. the light on an underlying surface 
will diminish according to the law of in- 
verse square, 7. ¢., that the light from a 
given source varies inversely as the square 
of the distance; so that the scale of watts 
per square foot will vary with the height 
of the lamps and their efficiency. 

The following hints on illumination are 
offered for the several classes of buildings 
as indicated: 


THEATER LIGHTING. 


In every building the illumination and 
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accessories must correspond with the ar- 
chitectural lines and the decorations. 

‘the quality of light in a theater must be 
soft, well distributed, and shaded from the 
eye in all instances, for the eyes are tired 
and distended after having looked upon the 
brilliant footlights, and the mellow light is 
needed as a restful contrast. It will be 
noticed that the decorations are usually 
in some dark color to correspond with 
this idea, as also to give the appearance 
of space. 

Every lamp should be concealed from 
view or equipped with a globe. Frosted 
lamps will also serve the purpose of dif- 
fusion. 

Studded lights are the most appropriate 
in this class of illumination, as they can 
be:-made* to. catry out ™the® line? of the 
buildings and the distribution is of the 
best. 

The incandescent lamp in the 16 or 32 
candle-power is the best lamp for this pur- 
pose, on account of the qualitv and quan- 
tity of light in each unit. 

Electroliers should be tabooed, as they 
tend to concentrate the light. 

Under the balcony ‘the units can be best 
arranged by concealing them in hemis- 
pheres, and on the forward side of the 
balcony units can be best arranged tnrow- 
ing the light forward, the units being high 
enough to be out of the range of vision. 
The same arrangement is good for the ex- 
treme rear of the theater, the units being 
placed at the junction of the ceiling and 
wall. 

Frosted four candle-power lamps placed 
around the usual arch of the boxes will add 
materially to the artistic effect. 

The lighting cf the lobby is a different 
proposition, as brilliancy is desired. Elec- 
troliers can be used to advantage with the 
side wall brackets, or the brackets placed 
around the top of the pillars, or the units 
themselves can be artistically embedded in 
the decorations. 


CHURCHES: 


In this class of lighting the engineer en- 
counters a great diversity in architecture, 
and therefore a great diversity in the styles 
of illumination exists. For instance, there 
is the Grecian or Corinthian, where studded 
lights would be out of place, as, in fact, 
they would be in most of the ancient types 
of architecture. But in the Gothic and 
modern this style of lighting can be,used to 
advantage, as the general lines of the build- 
ing are plainer than in the Grecian. 

The denomination of the church will 
often make a difference, for you would not 
plan to illuminate an Episcopal or a Roman 
Catholic Church with studded lights. These 
two church bodies are symbolic and present 
to the worshiper the Almighty in symbols, 
making the chancel beautiful and esthetic, 
and denoting some attrib-tes of the wor- 
shiped. So the general illumination must 
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be along the same lines, with fixtures ap- 
propriate to the building, keeping out the 
more modern styles. 

There is the other extreme, as in some 
of the Protestant churches, where the puri- 
tanical ideas of plainness and severity find 
expression; here the studded lights can be 
used, arranged in the shape of a cross, a 
star, a circle, or a Maltese cross, each de- 
noting some religious theme, but in plain 
lines. 

A good style of illumination for the 
church is cove lights in conjunction with a 
general illumination, the hidden light to be 
switched on when the sermon begins and 
the visible sources to be dimmed, which will 
shed a soft light over the church, appropri- 
ate and not injurious to the eyes. 

The control of these lights should be 
elastic, so that from one-eighth to the whole 
can be usec, as desired. 

Incandescent or meridian lights are the 
best units, but the writer hears of satisfac- 
tion with the Nernst. 


“DANCE HALLS AND THE LIKE. 


To take the other extreme in lighting, let 
us consider the dance halls and ballrooms. 

The first requisite is uniform illumina- 
tion, with no shadows, and this can best be 
accomplished by studding small units over 
the ceiling and upper walls, and then, if 
there are any recesses, lights to be arranged 
in these in conformity with the other light- 
ing. 

The accompanying pictures will illustrate 
the correct lighting of a ballroom. 

Arcs or Nernst are not permissible, for 
they give an impression of light and sha- 
dow rather than of uniform ill:mination, 
and their effect upon the face is not so 
pleasing as the incandescent light. 


BANKS AND OFFICE BUILDINGS. 


The lobbies of this class are generally 
of the same style as theater lobbies. 

In all cases of bank and office lighting 
there are two considerations, one of the 
general illumination, and the other the 
placed lighting. over the desks. 

The general illumination in banks should 
be designed, not only to illuminate the 
lower region of the public space, but to 
throw enough light on the ceiling and upper 
side walls to bring out the decorations. and 
lines of the building. 

Studded lights can be used to good effect. 

There are three points to be noted in the 
placed lighting for the use of the clerks. 
The light. sources should be shaded from 
the eye by a dark-colored shade, preferably 
green on exterior and white porcelain finish 
inside. Frosted lamps should be used to 
prevent striations, and the light source 
should not be too intense. An illumination 
of from 2 to 4 candle feet is plenty. In 
other words, an 8 candle-power lamp eigh- 
teen inches to two feet from the surface to 
be lighted. 

This illumination is the correct standard 
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for reading. The light should come from 
behind the left shoulder. For writing, also 
from the left, but more out forward, so as 
to prevent shadow from the pen or hand. 

‘The writer has not seen anything but in- 
candescents used satisfactorily for the illu- 
mination of banks. 

The are and similar illuminants would 
not give satisfaction, on account of the size 
of the unit and its tendency to cast shadows, 
certainly not enhancing the appearance of 
the interior. 

The lighting of an office building is prac- 
tically the same as in a bank. 

For the desks, etc., a line could be run 
around the room at a distance of two feet 
from the floor, with plug outlets at intervals 
to accommodate a given number of desks, 
This would arrange for the placed lighting. 

The general illumination should be pre- 
ferably from above, as side lights would 
tend to throw shadows when one is writing 
at the desk, and, while the bank’s working 
force is enclosed behind a partition, the 
office buildings or rooms are usually open, 
and the general illumination will effect the 
light on the desk to some extent. 

In our Brooklyn office we use the arc 
concentric diffuser, with no placed lights, 
and the illumination for writing or reading 
is as.near perfect as it could be and is free 
from shadows. This lamp, however, is not 
attractive in appearance and might not be 
acceptable in a bank or small office; but for 
large office rooms the illumination is good. 


STORES. 


Perhaps the largest part of our light load 
comes from this class of business, and the 
writer has specialized somewhat on this 
field of illumination. 

The first point we notice in talking with a 
storekeeper is that he wants all the light 
he can get for a given sum of money. It 
is all right to talk about artistic effects to 
him, but he is more interested in dollars 
and cents and economy in lighting. The 
advantages of an attractive store are recog- 
nized, but the storekeeper wants to be sure 
that he can get them at a reasonable cost. 

What general rules can be followed to 
this end? 

First we will consider the several kinds 
of stores, as to interior lighting. 

The writer has found that, in cases where 
economy is the first consideration, the best 
result is generally obtained from incan- 
descent units at a height of. from eight to 
ten feet from the floor, and with the arc 
from twelve to fifteen feet high; the units 
between these in size range correspondingly. 


FURNITURE STORES. 


One of the latest propositions dealt with 
has been a furniture store, and the installa- 
tion consists of high efficiency units in the 
several sizes. 

Furniture shows up better under a yellow 
light than under a white light, and when a 
patron purchases he will in most cases use 
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the furniture in a home with the first qual- 
ity of light, and wants to know how it is 
going to look when there. 

’ Then, again, the high efficiency or other 
incandescent lamps are easily renewed, 
while in all cases the lamp shedding white 
light must be‘trimmed, making it necessary 
to move the furniture, with the liability of 
scratching. 

__ For carpets, also, the yellow light is pref- 
erable, and a unit of about 100 candle- 
power or more, fitted with a reflector to 
throw the light on the carpet (which is 
usually hung on a movable form), will 
prove satisfactory. 

The units in this class of business should 
be of individual control, with the possible 
exception of the main floor, for many times 
the salesman will need only one or two 
lights at a time, and they can be readily 
used as required without wasting current. 
A good arrangement is to have a row of 
pilot lights, controlled by a switch, at the 
entrance to each floor. 

In using the new high efficiency unit it 
is advisable to hang the units ten to twelve 
feet from the floor, and have them fitted 
with the Style C shade, as the light wil) 
diffuse of itself below a certain plane and 
at the same time give greater efficiency with 
the C reflector than with Style D reflector. 


MILLINERY STORES. 


The arc or Nernst should be used for 
this business, as the white lights show the 
delicate colors to best advantage. 

The writer’s belief is that the arc is bet- 
ter than the Nernst for this class of illu- 
mination. The concentric diffusers are 
used in Brooklyn millinery stores with 
satisfaction. 

MEN’S FURNISHINGS. 


The same principle as to color will apply 
to clothing stores, though perhaps evening 
clothes, since they are to be worn under 
the incandescent light, should be fitted 
under the incandescent unit. 

For a men’s furnishing store the cluster, 
either the arc burst or the pagoda arc, is a 
good arrangement; and such units are at- 
tractive and efficient. In one such store 
we have recently changed three arc to four 
Benjamin arc bursts, and with a saving of 
400 watts the resultant illumination is a 
big improvement. 

The Nernst lamp or the high efficiency 
lamp is being used in Brooklyn in this class 
of stores. The Nernst gives the better color 
value, and in the two and three glower size 
the illumination is good. 

The arc should not be used in small 
stores, for two reasons. First, the size of 
the unit and the usual height of ceilings 
in small stores will not permit of good dif- 
fusion; and, secondly, unless a number are 
installed, shadows are frequent. 


JEWELRY STORES. 
There is a diversity of opinion as re- 
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gards this style of illumination, some en- 
gineers claiming the white or bluish light 
should be used, others that the incandescent 
is best. ra 

The advantage claimed for the arc lamp 
is that it accentuates the bluish tinge in 
diamonds, and that the larger the unit of 


light the more intrinsic brilliancy the on 


mond will have. 

As to the other classes of jewelry, the in- 
candescent unit is, in the writer’s opinion, 
decidedly the best light. 

A good arrangement of units is to have 
a cluster or 187 to 250 watt high efficiency 
lamps with D shades in the center of a 
store, placed high to give the store an ap- 
pearance of brightness, and have special 
lighting either on cord pendants over the 
cases, or reflectors inide the cases, the lat- 
ter being the better, for the two-fold reason 
that the observer cannot be between the 
light source and jewelry and that less light 
is necessary... 

Studded lights make a very pretty store 
if the decorations will allow same. 





Most other stores are in the one class 
in so far as interior illumination is con- 
cerned, and the principles presented will ap- 
ply to cigar stores, drug stores, butcher 
stores, grocers, saloons ; practically all call 
for the same illumination, and if there is 
any difference at all it is in the brilliancy 
desired. For instance, a drug store, saloon 
or cigar store may need more light than the 
butcher or grocer, and the light ranges 
from 1% candle-feet to 5 candle-feet, or, if 
watts per square foot, from 1 to 3 watts 
per square foot, determined by color of 
store, height of room and units used. The 
number of lamps required for a given ser- 
vice equals the above factor multiplied by 
the area in square feet, divided by the wat- 
tage per lamp. 

No definite rule can be made as to the 
watts per square feet or candle-feet needed 
in an installation, for so many things must 
be taken into consideration that no definite 
figures can be given until these factors are 
known; therefore, no scale is presented in 
this paper. 

DEPARTMENT STORES. 


It would seem at first glance that, as the 
department store is a consolidation of the 
smaller stores heretofore considered, the 
illumination for each department would 
coincide with the corresponding store; but 
there is a factor which governs this, 1. e., 
uniformity. For large spaces of this kind 
the arc lamp without doubt is the unit to be 
used ,as the color values are good and the 
majority of goods shown are “day goods,” 
though department stores are providing 
separate rooms for the exhibition of eve- 
ning goods. Incandescent and arc lamps 
should not be used in the same space for 
the same purpose. That is, while arc lamps 
may be used for the general illumination, in- 
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candescent units should not be used also for 
general illumination in that room, but may 
be used for special purposes, such as light- 
ing show cases; to alternate the general il- 
lumination between arcs and incandescent 
would be very poor arrangement. An opal- 
escent globe should be used with arc lamps, 
to remove the glare and improve the color 
values by filtration. 


WINDOW LIGHTING. 


There are two distinct divisions in win- 
dow lighting, the concealed and the open, 
and each serves its purpose. One is to at- 
tract attention to the store itself, the other 
is to show the goods in the window. 

It is obvious that the usual border ar- 
rangement of the‘ lights would not show 
goods to the best advantage, first, because 
most of the light which is on the hori- 
zontal is being thrown on the street, and, 
secondly, the rule which was presented in 
the first of this paper, that the light should 
not enter the eye direct from the luminous 
center, is being violated. When one looks 
at a window lighted with visible units, the 
light itself attracts the eye, and the sight 
is for the moment blurred, so that when we 
look at the goods they are not distinct; it 
has been the light units which attracted us, 
not the goods. 

Take the opposite, concealed, reflected 
light—the window is bright, but the light is 
centered on the goods, which reflect the 
light to our eyes, attracting our attention 
to the display ‘and not the source of light. 

When the border lighting is used, a 
frosted lamp should be utilized to reduce 
‘the intrinsic brilliancy, and an 8 candle- 
power unit is large enough to serve the 
purpose of attracting attention. 

In the concealed style there are two di- 
visions, trough reflectors and cone reflec- 


tors, including in the last all cone-shaped 
reflectors, whether moulded glass or sil- 
vered. : 


The trough reflector should be used 
where the window display rises from the 
bottom of the window in the shape of 
models for dresses, or where the back of 
the window is used as the distribution of 
the reflector is toward the rear and down- 
ward. 

The cone reflector should be used where 
the base of the window alone is to be used, 
so as to concentrate all the light upon the 
goods. 

The Nernst or units of the same size are 
used satisfactorily in Brooklyn with reflec- 
tors to throw the light down, the unit being 
high enough not to interfere with the sight. 

The writer has in mind a window where 
the trough reflector is used in conjunction 
with an electrolier, but the latter is fitted 
with holophane globes, which eliminate the 
intense light factor by diffusing the light. 
This arrangement is both attractive and 
efficient. 

The tendency of the cone reflector is to 
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produce spots, while with the trough reflec- 
tor the illumination is uniform and even. 

In lighting the window with either the 
border lights, trough or cone reflectors, the 
units should be on alternating switches for 
purposes of economy. 


PICTURE GALLERIES. 


The best arrangement for this class of 
lighting is the trough reflector, for the rea- 
sons as above given. 

A “new arrangement, ‘at “least. to: the 
writer, was suggested by the desire of a 
customer to light a small gallery economic- 
ally, both as regards wiring and use. The 
arrangement installed was a Frink reflector 
on a pivot, run along the center of the room 
and placed high. A handle was attached so 
that the reflector could be turned to either 
side of the gallery, the result being highly 
satisfactory. 

In the Metropolitan Art Gallery the lu- 
minous arc is being installed, and the ex- 
perts of the gallery are of the opinion that 
this gives the best light of any artificial 
source. 

RESIDENCE LIGHTING. 


The class of residences considered will 
be those belonging to the “middle class,” 
where economy is necessary; where the 
person is willing to spend a large amount 
the engineer can give full play to the ar- 
tistic, but most of our residence business is 
with the people who practice economy. 


PARLOR. 


This room is used for entertaining and 
receiving callers only, so the illumination 
should be general. In the average room 
of twelve by fifteen feet a center electrolier 
with the units extending about a foot from 
the ceiling and four or five 8 candle-power 
lamps will give good light, the units _point- 
ing outward “at an. angle cof 45° :.and 
equipped with either an “etched shade or 
holophane goods. One or two plug outlets 
Catiube utilized for a lamp, fan or other 
apparatus. 

In a room of this shape the center fix- 
tures are sufficient, but when the room is 
long and narrow side wall brackets can be 
used to advantage. 

One point in this style of illumination 
is to have the lights pointing downward, 
for it can be readily seen that otherwise the 
light would be thrown on the ceiling and 
wasted to some extent. The side wall 
brackets can be fitted with holophane re- 
flectors in ground glass shades, and can 
be either pointing upward or downward. 
This is a great deal a matter of taste, as 
both arrangements can be made to conform 
to the other illumination by the means of 
proper shades. 

For the lamp, which is ornamental rather 
than useful, a small candle power light 
can be used, Two 4 candle-power, units 
will be sufficient is most cases, and in any 
case two 8 candle-power would be enough, 
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which would be determined by the density 
of the art glass canopy. 


SITTING ROOM. 


This room is used for sewing, reading, 
and is the living room of the house, so 
that general and some special illumination 
is needed. 

A center fixture with three or four out- 
lets, and an outlet near the desk will prove 
satisfactory, but each purpose must be con- 
sidered. 

In reading, a light of 2 to 4 candle feet 
is plenty, and the same on the desk or for 
sewing; and while, theoretically, a light 
from above and behind is the best for read- 
ing, the writer’s own taste is for the old- 
fashioned reading lamp with a white en- 
ameled interior and green exterior—first, 
because the resultant light is good, and, 
second, the eyes, on being lifted from the 
book, do not encounter the same intensity, 
but are rested by the soft light diffused 
by the green shade; while with the other 
style the light is practically the same 
whether one’s eyes are on the book or not 
—in fact, in all home lighting, if the illu- 
mination be uneven, the eye is rested in the 
change from bright to less bright spots. 

For sewing an extension cord can be at- 
tached to an outlet and the lamp hung 
directly over the machine. 


DINING-ROOM. 


The one point to be illuminated in this 
room is the table, and ‘this can be done 
by one unit with a large reflector. The 
reflector can be covered’ with some dark 
material in keeping with the decorations, 
either crepe paper or some texture, which 
will serve the purpose of an expensive glass 
design. 

Side wall brackets are not essential, but 
can be used if at any time a more general 
illumination is desired, such as when the 
guests are seated around the sides of the 
room. 

KITCHEN. 


The kitchen of to-day is not the large 
One our ancestors were accustomed to, and 
in the average home one unit in the kitchen 
is sufficient. 

In the March issue of the Electrical 
World Messrs. Cravath & Lansing present 
the following points: To have a 4 candle- 
power unit over the sink, stove and table, 
with reflectors easily kept clean, on ac- 
count of the grease, etc., in the kitchen; 
these units on brackets pointing downward 
1o have light below 45°. 

The article admits that with this arrange- 
ment, the equivalent of a 16 candle-power 
unit, the general illumination will not be 
good. The deduction, therefore, is that 
a center unit for general illumination would 
alsc be necessary, and that the three 4 
candle-power units would be used in con- 
centrating the light over the sink, table and 
stove only. In a small kitchen such units 


would be unnecessary, as a lamp placed 
high, with a good reflector, will shed plenty 
of light for all purposes and at the same 
time be economical. In a large kitchen the 
arrangement suggested would be ideal with 
an 8 candle-power or 16 candle-power unit 
for general illumination. 


HALLS. 


In the halls a bright light is not neces- 
sary. In the lower hall or entrance an up- 
right fixture from the newel post in a 
foyer hall gives good illumination, though 
the overhead light is to be preferred, for 
the tendency of the unit upon an upright 
is to throw the light up, whereas it should 
be thrown down. 

A ground glass or opal sphere can be 
used, and is perhaps more artistic than a 
common reflector or shade, the lower hall 
unit to be controlled by a two-way switch. 

In the upper halls a light at the head of 
the stairs on a side wall bracket, to serve 
both for the stairs and hall, and if the hall 
is long, another unit at the opposite end, 
will light the hall well. 


BATHROOM. 


An 8 candle-power unit on each side of 
the mirror, either with a shade or frosted 
lamp, will suffice, controlled by a switch at 
the entrance. 

BEDROOMS. 


The most economical arrangement here 
would be to have a center fixture of two 
or three lights and use the movable 
brackets, so that the light can be used at 
the dresser, or, if a reading light is desired, 
it can be placed near the bed. In a small 
or hall bedroom a side wall bracket with an 
8 candle-power lamp is enough. 

The most convenient arrangement is to 
have two 8 candle-power units on each 
side of the dresser, controlled by a switch 
on the side of the dresser or wall, the cen- 
ter fixture to be controlled by a switch by 
the doer and fitted with proper reflectors. 

In all houses fitted with electric light, an 
extra switch should be provided in the 
bedroom controlling one light in each room 
on the first floor and the halls, so as to be 
able to light these rooms instantly in case 
of emergency. 

The turn-down lamps can be used to 
splendid advantage in residences. There 
are many places where a bright light is not 
required continuously, but where a dim 
light is of great service. The turn-down 
lamps fill this need fully and at slight op- 
erating cost. Every residence using electric 
service should have a supply of these 
lamps. 

FACTORIES. 


In factory or machine shop lighting the 
problem is generally the same as in a large 
office building. 

Each operator should have a unit over 
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his machine, and this will hold true in most 
all factory lighting and the like. The in- 
candescent lamp should be used for special 
lighting. 

In foundries, etc., where the walls are 
dark and the light is not so much on a 
special line a lamp is needed to throw the 
light down and to be near the color of day- 
light. The arc does not meet both these 
requirements, and the lamp which has 
proved most satisfactory in Brooklyn is the 
Nernst lamp, as the unit is small and can 
be distributed, and the efficiency is high. 

The light from the arc is absorbed by the 
side walls, and the Nernst distribution is 
below 30°. 


SIGN LIGHTING. 


The tendency of a customer is to put too 
large a unit in a sign, thinking to make 
a greater display, whereas, he is more likely 
spoiling the effect of his sign. 

The smaller the candle-power ina lettered 
sign, the more distinct is the outline of 
each letter; with a unit too large the sign 
presents a_blur. 

A 4 candle-power unit is large enough for 
any ordinary sign and a 2 candle-power 
unit has proven satisfactory in outlining 
letters. 

For the panel sign a 4 candle-power 
lamp is sufficient, authough 8 candle-power 
will of course give added illumination; if a 
reflector is placed above the upper lights 
the sign will prove more readable. 


SPECIALTIES: 


Several types of lighting uits have recent- 
ly been pushed commercially for special 
ses. 

Luminous Arc.—The luminous arc is used 
quite extensively in many cities, notwith- 
standing the cost of the lamp, and it cer- 
tainly attracts attention by the brilliancy 
and color of its light. It probably has a 
permanent field within a limited scope, but 
its advertising value will probably suffer 
as the number of lamps in use increases. 
For general illumination, independent of 
advertising uses, this lamp is not at present 
well adapted. 


Cooper-Hewitt Tube.—This type of unit 
is occupying a field in which it is giving 
good service. For photographic work it 
is very successful, and its use in factories 
and large buildings is becoming more gen- 
eral. The predominant violet rays are ob- 
jectionable, although not injurious to the 
eyes. 

Moore Tube.—The Moore Tube is now 
being energetically pushed by the manufac- 
turers, and is giving satisfaction in a num- 
ber of places. Its color is more pleasing 
than the Cooper-Hewitt and its efficiency is 
attractive, though its use is limited at 
present to large floor spaces. The com- 
mercial development of this type of light- 
ing will be watched with interest. 
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FLUORESCENCE AND PHOSPHOR- 
ESCENCE 
By Epwarp L. Nicuo.s. 


Read before the Franklin Institute, March 
29, 1906. Reprinted from the 
Proceedings. 


The weird shining in the dark of certain 
bodies; the gleam of sea water when dis- 
turbed and other allied phenomena must 
have been known from the earliest times. 
When phosphorus was discovered, in the 
17th century, the property which it possesses 
of glowing with a greenish ught attracted 
universal wonder, and from that time the 
name of phosphorescence was given to all 
cases of the emission of light by bodies at 
ordinary temperatures. 

At first it was imagined that the presence 
of phosphorus was indicated wherever 
phosphorescence occurred or perhaps that 
there was a group of allied bodies to which 
the phenomenon was ascribed. When, for 
example, in 1676, Picard noticed that upon 
shaking the mercury in a barometer in the 
dark there was a glow from the vacuum 
in the top of the tube he assigned it to 
the presence of a mercurial phosphorus. 
Hauksbee, one of the best known electri- 
cians of that period, studied this phenomena 
at considerable length, and he showed him- 
self a true forerunner of the electricians of 
our day, who would have us believe that all 
physics is but a branch of electricitv. bv 
assigning to the phosphorescence of the 
barometer tube an electrical origin. 

There are two distinct kinds of phos- 
phorescence, the phosphorescence of vital 
organisms; of glow worms, fire flies, jelly 
fish and the animalcule that cause sea 
water to shine at night, and the phosphor- 
escence of matter not imbued with life. 
The presence of light always indicates 
radiation, and radiation is a process involv- 
ing the expenditure of energy. In the case 
of living organisms the energy thus ex- 
pended inay have its origin in the vital 
processes since an animal is a machine con- 
suming fuel and transforming the energy 
thus obtained into various forms. In other 
cases radiation is due to motions of the 
particles of a body derived from energy re- 
ceived from without or to setting free of 
energy stored when the body was formed. 
The usual type of visible radiation, known 
as incandescence, is common to all bodies 
when heated above a certain temperature, 
the red heat. It is a definite function of 
the temperature and is produced by one 
stimulus only—heat, which sets up _ the 
necessary motions of the particles. The 
emission of luminous radiation due to any 
other stimulus is termed Juminescence. It 
may occur at any temperature; has been 
observed even in the case of bodies cooled 
by air,* and is known to accompany the 





* See Dewar: Proc. Royal Soc. (5) p. 340. 
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incandescence of certain oxides, modifying 
the light of freshly ignited CaO, ZnO, etc.f 
It is ‘variously known, ‘according to the 
stimulus which produces it as:— 

Photo-luminescence, produced by the ac- 
tion of light. 

Tribo-luminescence, 
tion. 

Piezo-luminescence, 
sure. 

Crystallo-luminescence, produced by the 
process of crystallization. 

Chemi-luminescence, produced by chem- 
ical action. : 

Electro-luminescence, produced by elec- 
trical action. 

Cathode-luminescence, produced by the 
action of cathode rays. 

Radio-luminescence, produced by the ac- 
tion of obscure rays from the radio-active 
elements. 

X-ray-luminescence, produced by the ac- 
tion of Roentgen rays. 

Thermo-luminescence, produced by sud- 
den changes of temperature. 

Luminescence of a body observed dur- 
ing the time that the stimulus acts is called 
fluorescence. When the emission of light 
continues after the stimulus has ceased the 
phenomenon is called phosphorescence. 

Why in many cases the luminescence of 
a substance ceases with the excitation or 
so soon thereafter as to be observable only 
by means of the phosphoroscope while in 
other instances the effect may last for min- 
utes, hours, or even months is not as yet 
definitely known. Liquids are fluorescent 
but never phosphorescent, and the fluores- 
cence of liquids is believed to be depen- 
dent upon the dissociation of a dissolved 
substance. It has indeed been shown by 
Buckingham* that the fluorescence of elec- 
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trolytes increases in a definite manner with 
the dissociation. 

In solids luminescence is supposed to 
occur only where the constitution is that 
of a solid solution and to be due to the 





+ Nichols and Snow: Phil. ‘Mag. (5) Vol. 
SOOT ITS ps0. 
* Buckingham: Zeitschrift ftir Physikalische 


Chemie, Vol. 14, p. 129. 
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presence in solution of traces of certain 
elements, such as copper, chromium, man- 
ganese, nickel, cobalt, lead and certain of 
the rare metals, such as cerium, lantha- 
num, yttrium, erbium, etc. The solvent 
may be a sulphide, such as CaS, which is 
used in the preparation of Balmain’s paint, 
or ZnS, as in Sidot blende; a fluoride, such 
as CaF., or fluospar (from the lumines- 
cence of certain specimens of which as 
studied by Stokes the name fluorescence is 
derived) ; a silicate, as in willemite, etc. 
The difference in the behavior of speci- 
mens of the same substance as regards the 


duration of the effect is very striking. One 
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of two specimens of willemite, for exam- 
ple, the fluorescence of which when ex- 
cited by the light from a spark-gap with 
iron terminals exhibit the same brilliant 
color will continue to glow for many min- 
utes after the cessation of the stimulus 
while the light from the other disappears 
at once. 

The character of the spectrum of lumi- 
nescent substances differs from that of an 
incandescent body in several important re 
spects. Both classes of spectra are con 
tinuous, but the range of the wave lengths 
represented in incandescence is far greater 
than in luminescence. In the case of in- 
candescence the maximum of intensity, for 
any temperature which can be artificially 
produced, lies in the infra-red and the po- 
sition of the maximum moves progressive- 
ly from longer to shorter wave lengths 
through the spectrum in accordance with 
a definite law as the temperature rises. 

In the case of luminescent bodies the 
maximum of intensity, so far as Known, 
is always within the visible spectrum or in 
a few instances, possibly, in the ultra-vio- 
let, and its position is fixed as to wave 
length for a given substance ana indepen- 
dent of the intensity of excitation and of 
the character of the sitmulus.* 

Fig. 1 affords a comparison between the 
energy curve of the spectrum of incandes- 
cent carbon at 1600° C. and that of the 
luminescence of fluorescein. In the for- 





* Nichols and Merritt: Physical Review, Vol. 
XCUXGE peels: 
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FIG. 3. 


mer only the small part of the energy 
which is represented by the area enclosed 
by that portion of the curve which lies be- 
tween the limits of the visible spectrum, V 
and R, is light-producing, whereas the en- 
tire spectrum of luminescence is comprised 
within those limits. The maximum of the 
incandescence spectrum is situated at about 
147 #, that of the luminescent spectrum at 
0. 52. Drawn in this way the curve for 
luminescence appears to indicate a narrow 
band, almost a line; but if we increase the 
scale of wave lengths twenty-fold, as in 
Fig. 2, we find the type of the lumines- 
cence curve to be very similar to the en- 
ergy curve for incandescence. Each is 
characterized by a single sharply defined 
maximum and by a steeper slope towards 
the violet than on the side towards the 
longer wave lengths. 

This resemblance is by no means confined 
to this particular case. The curves for the 
following substances are of the same type t 
and it is probably common to all lumines- 
cence spectra of solids and liquids. 


FLUORESCENCE SPECTRA. 
Fluorescein (in alcohol). 


Eosin 5 
Naphthalin-roth 3 
Rhodamin fe 


6 


Resorcin-blau 





+ Nichols and Merritt: Physical Review, Vol. 
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Quinine sulphate (in water). 
Chlorophyll (in alcohol). 
Aesculin (in water). 

Canary glass. 

Sidot blende. 


PHOSPHORESCENCE SPECTRA. 


Cuban fire fly (measured by Langley).* 

Numerous inorganic phosphorescent sub- 
stances studied by Lenard and Klatt.+ 

The intensity of luminescence is always 
far too small to admit of the determination 
of the distribution of energy in the spec. 
trum by direct measurement, but it is pos- 
sible by means of the spectro-photometer 
to compare many such spectra with the 
spectrum of such source as the acetylene 
flame, the energy curve of which is known, 
and thus to be obtained the curve for the 
distribution of energy in the spectrum of 
the luminescent body. It is in this indirect 
way that the curves shown in Figs. 1 and 
2 were determined. By using monochro- 
matic light of various wave lengths for ex- 
citation we find that rays corresponding 
in wave length to the regions of absorp- 
tion of the substance act as a stimulus 
whenever the wave length of the absorp- 
tion band is less than that of the lumines- 
cent spectrum, and that absorbed light of 
greater wave lengths is inactive. The po- 
sition of the spectrum of luminescence is 
determined by that of some absorption 
band nearly or not coincident with the lu-. 
minescence spectrum, the maximum of the 
absorption band always lying slightly fur- 
ther towards the violet. 

In Fig. 3, for example, the dotted line 
ab, is the energy curve of that portion of 
the spectrum of an acetylene flame which 
is included in the diagram. If a cell con- 
taining a certain solution of rhodamin be 
interposed in the path of the light from 
the flame we get the energy curve, acdb, 
for the transmitted light. In other words, 
the solution, which is nearly transparent at 
a and b becomes nearly opaque from c¢ to 
d and the figure depicts an absorption band 
of this solution having a maximum (or 
minimum transmission) between c and d. 
Associated with this band is the fluores- 
cence spectrum of rhodamin, the energy 
curve of which is shown (curve R). The 
‘maximum of fluorescence lies at 0.577 
towards the red from the maximum of ab- 
sorption. 

In all the cases studied the absorption 
band and the luminescence spectrum over- 
lap and all the wave lengths included in 
the absorption band are capable of pro- 
ducing excitation. Since the luminescence 
spectrum is independent of the character 
of the exciting light, the longest waves 
that may be used for excitation will pro- 
duce a fluorescence spectrum, some of the 





* Langley and Very: Phil. Magazine (5) XXX, 
p. 200. 

+ Lenard and Klatt: Drude’s Annalen (15) pp. 
225, 425, 633. 
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wave lengths of which are shorter than 
the wave length of the light used as a stim- 
ulus. The law of Stokes, who thought 
from his observations upon fluorite and 
some other substances, that the exciting 
light never exceeded in wave length the 
fluorescence which it was capable of pro- 
ducing, is not strictly true. 

Many of the phenomena observed in the 
study of phosphorescence would lead one 
at first to suppose that the relation be- 
tween phosphorescence and _ fluorescence 
could not be the simple one stated in a 
previous paragraph. In many instances the 
color of phosphorescence is seen to change 
as the light dies away. In other cases the 
fluorescence of a substance will present 
one color, and the phosphorescence an- 
other. When, for example, Sidot blende 
is excited by means of ultra-violet light or 
























































FIG. 4. 


by the X-rays it exhibits a fine blue flu- 
orescence which upon cessation of exci- 
tation changes to a green phosphorescence.* 
These phenomena are, however, capable of 
explanation from the fact established by 
Lenard and Klatt + and others that many 
‘substances have luminescence spectra con- 
taining two or more bands. It is prob- 
able that each band in such luminescence 
spectra is due to the presence in solution 
of a given metal. Where only one metal is 
dissolved we have a fluorescence spectrum 
consisting of a single band. Where two 
or more metals are present each one may 
produce independently its own band, giv- 
ing a complex spectrum. 

The rate of decadence of these bands, 
after excitation ceases, varies greatly and 
the color of phosphorescence therefore 
changes as the light dies away. In certain 
cases decay is so rapid that it is not pos- 
sible to observe a color which is prominent 
in the fluorescence of the substance for any 
appreciable time after excitation has been 
interrupted. Since, moreover, each band is 
associated with a particular absorption 
band the fluorescence may vary greatly 





* Nichols and Merritt: Physical Review, Vol. 
NOC pe 2475 
+ Lenard and Klatt; l.c. 
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with the stimulus. In Sidot blende, the 
fluorescence spectrum of which consists of 
a brilliant green band and of one or more 
bands in the violet, we may produce a green 
fluorescence by the use of light in which 
the visible rays predominate, or blue flu- 
orescence, by means of an ultra-violet stim- 
ulus or by the use of X-rays. Such stimuli 
excite the violet bands so powerfully that 
they dominate in the production of the 
color or fluorescence, but as soon as ex- 
citation ceases the violet component dis- 
appears, on account of its exceedingly rapid 
decadence, and the phosphorescent light, 
which persists, is green in color. The va- 
rying rate of decay of two bands may like- 
wise serve to explain the change of color 
of phosphorescence as the effect dies away. 
The more fleeting of two bands may be 
the stronger, immediately after the cessa- 
tion of excitation, but its domination over 
the color-tone of the light disappears with 
its decadence and the color goes over by 
insensible gradations to that characteristic 
of the other band, which, although weak 
at first, is more persistent. 


There is another cause for apparent 
changes of color which affects all phos- 
phorescence—the transition to the faint 
gray which follows any color sensation 
whatever as the intensity becomes too 
feeble to stimulate color vision. The rods 
of the retina according to the physiologists 
continue to be excited by these weaker 
rays and this sensation, which is indepen- 
dent of the wave length of the stimulus, 
is ill-defined colorless gray sometimes des- 
ignated by the term rod white. This is the 
final retinal sensation received from the 
light.of phosphorescence before extinction. 


The law of the decadence with the time 
was carefully investigated by E. Becquerel, 
to whom our first systematic studies of 
phosphorescence are due. Becquerel found 
his observations to be approximately ex- 
pressed by the exponential equation 


— Le at 


but subsequent measurements have shown 
that the decadence does not follow this 
simple law, and several attempts have been 
made to find an empirical equation which 
will represent the observed results. It is 
evident that in the case of substances hav- 
ing several bands in the phosphorescence 
spectrum, each of which differs in its ray 
of decay, the law of decadence for the 
light as a whole will be a complicated one. 
Since, however, as has been shown by Pro- 
fessor Merritt and the present writer,* the 
various wave lengths of a single band de- 
cay at the same rate, it should be possible 
from observations upon the light of such 
a band to determine the law. 

The phosphorescence of Sidot blende af- 
fords favorable conditions for the study 





* Nichols and Merritt. 
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of these phenomena since the violet bands 
are of very short duration while the bril- 
liant phosphorescence of the green band is 
persistent. In some recent experiments on 
this substance it was found possible to 
observe a given wave length of the green 
phosphorescence band by means of the 
spectrophotometer and to record its in- 
tensity as a function of the time. The ob- 
servations covered an interval of about 
twenty seconds from the cessation of ex- 
citation. 

A study of the curves thus obtained 
showed that the decay of intensity was not 
exponential. If, however, we adopt the 
theory that the exciting light serves to dis- 
associate the molecules of the luminescent 
substance, breaking them up into two elec- 
trically charged particles, and that lumi- 
nescence is due to the recombination of 
these separated ions; and if we assume that 
the law of recombination is the same as 
that for ions in a gas, it is possible to de- 
rive an expression for the intensity of the 
light due to the collisions between the 
positive and negative ions. If the number 
of positive ions present in a unit of volume 
at any time be ¢ and the number of col- 
lisions between a positive and a negative 
particle be proportional to the number of 
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each present; and, if, finally, a certain pro- 
portion of the collisions produce a recom- 
bination of the ions with emission of light; 
we have 

I 


(a+ bt)’ 

where a and b are constants. The intensity 
I, according to this hypothesis, should be 
inversely proportional to the square of the 
time and a curve having times as abscissz 
and the reciprocal of the square root of 
the intensities as ordinates should be a 
straight line. Our observations thus plot- 
ted were found to be in conformity with 
this hypothesis within the area of obser- 
vation. In Fig. 4 one of these decadence 
curves (D) and the line of the reciprocals 
(R) is shown. ~ 

Knowing that the law of decadence for 
the various wave lengths of the green band 
is the same we then substituted for the 
spectrophotometer a Lummer - Brodhun 





photometer, one side of the screen of which 
was coated with Sidot blende. The pho- 
tometer carriage was mounted in a fixed 
position at one end of a long photometer 
bar and a standard light of suitable inten- 
sity, consisitng of an acetylene flame care- 
fully screened and viewed through an ap- 























erture five mm. in diameter, was so mount- 
ed that it could be shifted to any desired 
position upon the bar. 

A mercury arc lamp of the Lummer type 
served as an exciting source. The light 
from the mercury arc was passed through 
a color screen opaque to the green and 
yellow lines so that the exciting light con- 
sisted of those portions of the violet and 
ultra-violet spectrum capable of  trans- 
mission through glass. 

It was possible by this method to extend 
observations of the decadence curve of 
phosphorescence over the period of fifteen 
or twenty minutes or nearly 100 times as 
long as in the observation of monochro- 
matic light with the spectrophotometer. 
The curves thus obtained, which were plot- 
ted in the manner already described with 
the square root of intensities as ordinates, 
exhibited a new and unexpected feature. 
Starting from the intercept the curves as 
before were straight for about ten seconds. 
They then turned more or less sharply 
downward, after which they again assumed 
the form of a straight line, but of different 
slope. It would appear therefore that in 
the decadence of the phosphorescence of 
this substance a rapid rate of decay is fol- 
lowed by another and slower decadence, 
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FIG. 7. 
both of which follow the law that thet in- 


tensity is inversely proportional to the 
square of the time. Fig. 5 shows a typical 
decadence curve (D) and the correspond- 
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ing curve (R) for the reciprocal of the 
square root of the intensity. The diagram 
covers an interval of only two and a half 
minutes. It refers to observations made 
after exposure of the Sidot blende screen 
for two minutes to the violet rays of the 
mercury lamp. 

Experiments upon the decadence of the 
light emitted by a specimen of phosphores- 
cent willemite gave results similar to those 









































obtained with Sidot blende. 


The exciting 
source in these experiments was an elec- 
tric spark between iron terminals and the 
luminescence immediately after the cessa- 
tion of the spark discharge was quite as 


bright as in the case of Sidot blende. De- 
cadence was, however, much more rapid; 
the interval during which measurements 
could be made extending only for about 
one minute. The curve for the reciprocal 
of the square root of the intensitv as a 
function of the time consists as before of 
two straight lines varying in slope. Simi- 
lar results were obtained with Balmain 
paint and with a phosphorescent sudstance 
of unknown composition imported from 
Germany—the so-called Emanations Kor- 
per used in the study of radioactivity. Since 
many of the observations on. the decay of 
phosphorescence made by Becquerel, when 
tested by plotting the ‘reciprocal of the 
square roots, show the same character, it 
is probable that this is the general law of 
decadence for all substances. 

The initial intensity of phosphorescence 
and the duration of the effect increase as 
the time during which a substance is ex- 
posed to light increases and continued ex- 
posure leads to a saturation such that fur- 
ther excitation is without effect. In Fig. 6 
the initial phosphorescence of Sidot blende 
as function of the duration of exposure to 
the light of the mercury arc is shown. 
Complete saturation is not attained within 
the time limit of the diaphragm, but the 
approach to it is obvious. The curve also 
exhibits the same in which the fluorescence 
of this substance gradually increases dur- 
ing excitation. There is during this pe- 
riod a storage of energy by the freeing of 


ions and these recombining after exposure 
give us the phosphorescence. The deca- 
dence curve is, however, not the counter- 
part of the curve for the growth of lumi- 
nescence, but the two related to one an- 
other in a manner curiously like that of the 
curve for the rise of induced electromotive 
force in an electric circuit and the deca- 
dence of e. m. f. when the circuit is broken. 
Compare in this direction Fig. 6 and curve 
D in Fig. 5. 

The effect of excitation upon the lumi- 
nescent substance is to produce a curious 
instability which may be likened to that of 
iron subjected to the action of the magnetic 
field. If Sidot blende which has rested for 
several days in the dark be exposed to light 
for a time inadequate to saturation, say ten 
seconds, the decadence curve will have the 
form of curve I, Fig. 7. If it then be satu- 
rated the decadence observed will be repre- 
sented by curve 2. lf, now, it be exposed 
again, for the same interval of time as in the 
first instance, the decadence will be much 
slower in consequence of the previous satu- 
ration. (See curve 3.) There is a cer- 
tain retentiveness of luminescence, and the 
effect of previous excitation to saturation 
shows itself for several hours. If, for ex- 
ample, the short excitation after saturation 
be delayed for several hours the substance 
will have drifted back into a condition 
more nearly like that in which it was after 
being in the dark for several days, but yet 
it will not have returned completely to the 
state attained after prolonged rest. As in 
the case of iron which has been magnetized 
and which loses its residual magnetism 
with time, a phosphorescent substance does 





FIG. 9. 


not return to complete neutrality in accor- 
dance with any regular law. That is to 
say, its condition, even after the three or 
four days is not "always the same. Other 
influences besides that of time appear to 
affect the state of the substance. Five 
minutes’ subjection to a temperature of 
100° C. will, for example, have more ef- 
fect than several hours of darkness. Red 
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and certain infra-red rays are still more 
effective. Light from an incandescent lamp 
after passing through ruby glass will in a 
few seconds change the condition of Sidot 
blende in such a manner that the decadence 
after ten seconds’ exposure is much more 
rapid than is the case when the exposure 
is made after prolonged rest. (See curve 
4 of Fig. 7.) Whether rest in the dark 
would ever bring the substance into the 
condition to which it comes within a few 
seconds under the influence of red light 
has not yet been determined. These effects 
the better seen in Fig. 8, in which the re- 
ciprocal of the square roots of these ob- 
servations are plotted. 

The phenomenon of retentiveness may 
be clearly exhibited by exposing a screen 
to red and then measuring the decadance 
after successive exposures to exciting light, 
each exposure being greater than the fore- 
going until the saturation is reached, after 
which a similar series of exposures each 
shorter than the foregoing is made. ‘The 
curves for these shorter exposures after 
saturation do not correspond as to dura- 
tion on account of the retentiveness of the 
substance, and if a curve be plotted, taking 
the reciprocal of the square root of the in- 
tensity in each case after a given interval 
of time, say three seconds, from the cessa- 
tion of exposure with length. of exposure 
as abscisse, we get a curve analogous to 
‘a hysteresis curve for iron. (See Fig. 9.) 
The same phenomena as regards saturation 
and retentiveness are observed in the case 
of willemite, but the phenomena are less 
marked. 

The effect of red and infra-red rays upon 
phosphorescence was first observed by 
Thomas Seebeck, the discoverer of thermo- 
electricity, whose observations were de- 
scribed by Goethe* in his “Farbenlehre.” 
E. Becquerel,} and later his son, H. Becque- 
rel,t made an extended study of this sub- 
ject, and the latter used screens of phos- 
phorescent material for the purpose of 
mapping the infra-red spectrum of the sun. 
J. W. Draper § in 1881 photogrophed the 
effect by submitting screens first to the 
action of the infra-red spectrum, after 
which a contact photograph from the sur- 
face was taken. Fromm{§ made careful 
studies of the sun’s spectrum by this 
method. 

In 1904,|| Dahms studied the effect of 
different parts of the spectrum upon pre- 
viously excited phosphorescent surfaces, 
such as Balmain’s paint, strontium sulpnide 
with copper, zinc sulphide, and fluorspar. 
He found the action to be selective, not all 
wave lengths of the infra-red having the 





* Goethe: Zur Fabenlehre III, p. 55. 


+E. Becquerel‘ Comptes Rendus 14, P 9033 77) 


p. 30; 83, p. 243; also La Lumiére, Vol.-L-ps 32: 
$H. Becquerel: Ann. de Chim et Phys. (5) 30, 


p. Is 
§ Draper, J. W.: Phil. Mag. (5), Vol. II, p. 160. 
q Fomm: Wied. Ann, 40, p. 681. 
|| Dahms: Drude’s Ann., 13, P. 425- 
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power to darken the phosphorescent sur- 
face. His photographs show an active re- 
gion in the infra-red, followed in the case 
of Balmain’s paint and zinc sulphide by a 
narrow inactive region. From the side to- 
wards the violet of this inactive band all 
wave lengths are effective in reducing the 
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FIG. I0. 


brightness of the surface until that por- 
tion of the spectrum is reached which is 
capable of producing phosphorescence. In 
certain cases, particularly that of Balmain’s 
paint, a limited group of rays in the ex- 
treme violet were likewise found to have 
the power to darken the surface. 

Sidot blende is more strongly affected 
than any other phosphorescent substances 
thus far studied, and it is easy by throw- 
ing upon a screen of this material, previ- 
ously excited to phosphorescence, the spec- 
trum from a source of light, such as the 
electric arc, to observe the phenomenon. 



























































FIG. II. 


The calibration of Dahms’ instrument did 
not extend to the infra-red and for the 
purpose of checking his results and of ob- 
taining more definite information concern- 
ing the effect of this portion of the spec- 
trum upon Sidot blende, Professor Merritt 
and the.present writer have recently made 
meastitements with the spectrophotometer 
upon the luminescent spectrum of this sub- 
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stance; comparing the brightness of the 
same when exposed to a given wave length 
of radiation from a Nernst tlament, with 
the intensity of luminescence when not 
thus exposed. For this purpose a mirror 
spectrometer was set up with quartz prism 
and monochromatic rays varying in wave 
length from .8 u to 1.6 “ were thrown upon 
the luminescent surface under observation. 
The effect became easily measurable at 
wave length .8 « which even for this weak 
spectrum reduced the intensity of lumines- 
cence by 5 per cent: It* rose-rapidly sto a 
maximum at .9 # which was found to be 
the most active portion of the infra-red 
spectrum. The inactive band was located 
as lying between .93 » and 1.1 u, beyond 
which lies a second active region at 1.3 
The results are shown graphically in Fig. 
10. 

When infra-red light is thrown upon a 
phosphorescent surface after excitation has 
ceased the effect manifests itself by an im- 
mediate change in the rate of decay. Upon 
the cessation of exposure to these rays the 
phosphorescent surface immediately returns 
to its original decadence, no after-effect of 
such exposure being apparent. Fig. 11 
shows the decadence of a Sidot blende 
screen excited to saturation, then allowed 
to decay under normal conditions, 13 sec., 
at which time the light from an incandes- 
cent lamp behind ruby glass was thrown 
upon the screen for a few seconds, then 
removed and then thrown upon the screen 
again. The effect is best shown in the 
curve for the reciprocal of the square root 
of the intensities (a, b,c, d, e). The curve 
a, b, f, is the ordinary decadence curve. 

Of the influence of temperature upon lu- 
minescence our knowledge is as yet frag- 
mentary. We know in a general way that 
numerous organic substances, such as par- 
affine, stearine, albumen and ethyl alcohol, 
which are not appreciably luminescent at 
ordinary temperatures, become so when 
cooled to about —190° C. The most strik- 
ing experiments of this description, which 
was devised by. Dewar, consists in cooling 
an egg in liquid air, breaking it open and 
exposing the albumin to the light of the 
electric arc. The blue glow which sur- 
rounds the yolk is verv brilliant and re- 
mains visible in the dark for several min- 
utes. The yolk shows no luminescence. 

Other forms of albumen were tested in 
the course of an investigation of the lumi- 
nescence of organic substances at the tem- 
perature of liquid air.* These showed only 
a feeble yellow phosphorescence instead 
of the fine blue of the white of egg. It is 
probable that the luminescence of the lat- 
ter substance is due to traces of some dis- 
solved metal; the albumen being merely 
the solvent. i 

Certain substances, such as phthalic an- 
hydride, antipyrin, salicyiic acid, arsenious 


* Nichols and Merritt: Physical Review, 18, p. 
355. 
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oxide, and benzoic acid show their most 
intense phosphorescene at temperatures 
somewhat above —190° C.* 

Many phosphorescent substances, after 
exposure to light, glow for a time when 
suddenly heated. ‘his phenomenon, ther- 
mo-luminescence, appears to be due to an 
unlocking of previously stored energy »y 
heat. ‘Lhat there is no transfer of heat 
energy into the energy of luminescence is 
probable since the eftect is temporary and 
since the glow cannot be obtained by sub- 
sequent heatings unless the substance be 
first subjected to its proper stimulus. 

In this paper many aspects of the sub- 
ject have been altogether ignored. To the 
extensive researches of Lenard and Klatt, 
who determined the type of phosphores- 
cence produced by the solution of various 
metallic salts in a variety of solid solvents 
only the briefest reference has been made. 
The effect of fluorescence upon the ab- 
sorption of light by the fluorescing sub- 
stance, discovered by Burke ft for canary 
glass and subsequently confirmed in the 
case of various organic liquids,f has not 
been considered nor has anything been said 
about the related phenomenon of the in- 
crease in electrolytic conductivity of solu- 
tions when excited to fluorescence.§ Both 
effects, although experimentally established 
by the investigators cited, have since been 
sought for by Carmichael without suc- 
cess. 

Other recent investigations, the discus- 
sion of which is beyond the limits, as to 
space, of the present paper, are those of 
Morse,|| who has shown that in addition 
to the usual continuous fluorescence spec- 
trum certain specimens of fluorite under 
powerful illumination have well defined 
line spectra of fluorescence. 

Radiation of this character from solids 
is altogether foreign to previous experi- 
ence and no adequate explanation has as 
yet been found unless, indeed, the sugges- 
tion put forward by the author be sub- 
stantiated, that the spectra have their ori- 
gin in gases occluded within the crystals. 
This view finus support in the very re- 
markable fluorescence spectrum of sodium 
vapor described by Wood,* who has ob- 
tained, by varying the conditions of the 
experiment. in place of the fluorescence 
spectrum first observed by Wiedemann? a 
line spectrum of great complexity. 

In luminescence we have one of the mos 
important branches of the science of radi- 
ation. For many years it has been one of 
the most neglected branches of that sci- 
ence. Our knowledge of the phenomena is 


* Nichols and Merritt: l.c. 

t Burke: Phil. Trans. 191 (A) p. 87; Proc. Royal 
Soc., 30 II1, 10905. 

t Nichols and Merritt: Physical Review, XIX, 


396. 

See Nichols and Merritt: l.c. 

|: Morse: Astrophysical Journal, -21, p. 83. 

* Wood. Phil. Mag. (6) 6 p. 362. 

t Wiedemann: Wiedemann’s Annalen, 57, p. 447. 
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far from complete and no satisfactory the- 
ory has as yet been established. The older 
and simpler views of the constitution of 
matter were indeed inadequate for such 
speculations, and it was impossiuvie to form 
any definite conception of a plausible mech- 
anism to account for the observed facts. 
With the new hypotheses ot matter already 
developed to account for the phenomena 
of solution, electrolysis, disassociation and 
radioactivity at our service, this difficulty 
no longer exists. We can now imagine 
various intramolecular processes to account 
for isolated facts and even groups of facts 
of luminescence and suggestions looking 
to a theory have been formulated by Wie- 
demann and Schmidt, Voigt and others. A 
vast amount ot quantitative work, however, 
remains to be done before anything like a 
complete theory is likely to be presented, 
or, if presented, can possibly be confirmed 
in all its details. Theory building in such 
a field as this will inevitably lead physicis’> 
to further insight into the nature of matter 
and thus ultimately to practical applications 
in a department of physics which at pres- 
ent appears to be of purely scientific in- 
terest, 


BHE™ PRESEN D--CONDITION: “OF 
INCANDESCENT GAS LIGHTING 


By Pror. DrescHmipt, Berlin. 

Read before the Annual Meeting of the 
German Gas & Water Engineers, 1996. 
Translated for Tur ILLUMINATING 
ENGINEER from the Journal 
fiir Gasbeleuchtung. 


Last year I discussed a promising im- 
provement in gis illumination, the inver- 


ted incandescent gas light, and stated that - 


I would make further announcements of its 
progress, especially as applied to the il- 
lumination of streets and public squares. 
But the efficiency of this light does not 
depend on the burners alone, but to an 
equal degree on the character of the in- 
candescent mantles; and you will there- 
fore welcome a few statements on man- 
os of improved incandescent mant- 
es 

In the beginning a fabric knitted from the 
so-called Hauschild yarn was used as sup- 
port for the luminous substance in mantles. 
These mantles lost their shape by use, and 
hence their power of illumination decreased 
rapidly and considerably. The Ramie man- 
tle, introduced by Buhlemann in 1808, had 
this fault to a less degree, so that cotton 
is less used at the present time. But both 
kinds still had the fault of decreasing il- 
luminating power. and were too easily 
broken. To obviate these difficulties I 
believe that mantles made of artificial silk 
are very suitable, some of which I shall in- 
troduce to you. 


Knofler endeavored as early as 1894 to 
make use of a web from artificial thread. 
rie added the necessary salts to the colodion 
solution that served to make the tiiread, ac- 
cording to Chardonnet’s process, and trans- 
formed the salts into oxides by treating 
them with alkalies. But the manufacture 
of such mantles by this process met with 
technical difficulties, as weil as too high a 
cost of production, and could therefore not 
be used. Plaissetty finally succeeded in 
manufacturing good mantles from artificial 
silk thread. He first impregnated his fabric 
in the same way that the cotton or Ramie 
fiber was impregnated, with the proper so- 
lution or rare metal salts. It would nat- 
urally be supposed that this artificial thread 
could not be as easily impregnated, because 
it does not have the pores of the natural 
hbders; but strange to say it absorbs much 
more of the impregnating substance, so 
that only I-3 as much weight of this thread 
is required to support the same mass of 
oxide of the rare earths as with cotton or 
Ramie thread. This equalizes the price of 
the artificial silk thread with that of Ramie 
or cotton. For instance, a mantle made 
of artificial silk weighing about 1.7 g. before 
it was burned left O.6g. of oxide as ashes, 
while the cotton thread with about the 
same amount of oxide had a weight of 
about 4¢. 

If such an impregnated and dried artific- 
ial silk mantle is burned to ashes directly, 
as 1s generally done with the mantles now 
in use, it falls to pieces. Plaissetty suc- 
ceeded in avoiding this by making the sol- 
ubte salts of the oxides of the rare earths 
insoluble by treating them with ammonia, 
and then burning out the fiber. In this 
way we get a skeleton of oxides that, 
though soft and very flexible when com- 
pared with a cotton or Ramie mantle, is 
still much more solid than the latter. This 
may easily be seen by pulling at these 
mantles when suspended from a_ hook. 
Tests with the shaking apparatus give re- 
sults showing the enormous difference in 
strength between the old and new forms of 
mantles after they had burned for a short 
time, as well as after a longer period. Fav- 
orable results were also obtained with re- 
spect to maintenance of illumination, al- 
though different kinds of silks gave differ- 
ent results. 


The intensity was measured with a con- 
sumption of 120-121 liters of gas per hour 
at a measure of 4omm. Their strength was 
tested on the shaking apparatus, and was 
measured by the number of shocks that the 
mantles withstood before they began to 
show signs of injury. Most mantles solit 
lengthwise after the number of percussions 
recorded, except when they were too large 
in diameter they rubbed throuch just above 
the head of the burner; not once did a 
breaking of the web in the centre, or a 
tearing off of the head occur, as was so 
frequent with the old ones. It is also pe- 
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culiar that small holes in the web have to each other; this evidently is the main 
no effect on its solidity, as they do not reason for their greater strength. 
grow larger or cause its falling to pieces. It has always been thought best for the 
The different kinds of artificial silks do production of light that the raw mantles 
not give the same effect with regard to should contain the rare earths in_ the 
power of luminosity and solidity. The lum- form of nitrates, because they puff up 
inosity is not especially high, but satisfac- greatly when burned, and leave a foamy, 
tory; and it is expected to increase when voluminous oxide, that has a large area of 
their production takes place on a large illuminating surface. The new incandes- 
scale, and with better care. The results cent mantles, however, contain originally 
show that the luminosity in case of the | hydroxides, which do not. puff up during 
Oberbruch silk increases steadily within incineration, have no such large area, and 
tooo hours of burning, is nearly uniform in therefore a high luminosity might not be 
case of the Chardonnet silk, while denser expected; but our old opinions do not hold 
silk gives a considerable decrease. As re- true. The maintenance of luminosity is 
gards strength the results are similar, the owing to the fact that the threads are not 
silk mantles far excelling those used at foamy and fibrous, but compact and un- 
the present time. The latter can only with- changeable in form while in use. 


stand about Ioo percussions on the shaking Because the luminous substance exists in 
apparatus, and often 20 to 50, or even less the Plaissetty mantle as an hydroxide 
than that. another advantage is effected; they are not 


The differences mentioned,—the greater hygroscopic, and can_be kept, unlike the 
durability and more uniform maintenance ld ones, for a long time without changing ~ 
of light, must be owing to the original their quality. 
structure of the artificial silk thread, and But owing to the peculiar structure a 
to the peculiar character of the luminous different method of burning off and form- 
substances in it. The skeleton thread of ing them is required. It is not possible to 
the new incandescent mantles looks like transform them into ashes and afterwards 
a bundle of twisted wires, while that of form and harden them as in the case of 
the old form appears as if it consisted of the old mantles, because the web, 1. e. the 
innumerable small fibers. The ashes of support of the luminous substance, is not 
the first feels sandy to the touch, while .easily burned up on account of the nitrates 
that of the latter soft, like flour, causing being absent. The Plaissetty mantles do 
the separate particles to adhere more closely not need to be coated, and without having 
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been first burned to ashes is pulled over a 
compressed gas burner, the diameter of 
which is the same as that of the crown of 
the incandescent burner, when the com- 
pressed air is ignited, the pressure being 
much less than that used in the hardening 
process of the old mantles. It does not 
answer to move the mantle up and down 
by hand over the compressed gas burner, 
as in the old process, it must be moved 
upward gradually by a special device, and 
exactly perpendicularly as the process of 
burning proceeds. The method of burning 
which Plaissetty himself undertook was 
troublesome, requiring much attention and 
skill. But I have seen lately that, by using 
a higher gas pressure than Plaissetty’s, the 
whole operation becomes simple, and re- 
quires no special skill. The new mantle 
therefore is much better suited to burning 
off by machine than the old form. 

Up to the present time the Plaissetty 
mantle has been used in small quantities 
in a few places only, for instance in Paris, 
Mailand, and Copenhagen; in Germany 
it has not been used much. But recently 
the Cerofirm Company of Berlin has bought 
the Plaissetty patent and process, and the 
-company is preparing to produce it on a 
large scale in the near future. Let us 
hope that the company will be successful, 
as well for its own profit as that of in- 
candescent gas illumination. 

So far, no Plaissetty mantles have been 
made for inverted burners. It is compar- 
atively difficult to give them the proper 
shape, and more so in the case of the 
artificial silk, but it seems probable that 
this will be overcome. 

I shall now take up the inverted incandes- 
cent gas burner. At the last annual con- 
vention I implied that it means a decided 
improvement over the upright burner in 
regard to the light obtained from a certain 
quanity of gas, as well as in the more ad- 


vantageous distribution of the light pro-- 


duced. I said then that it consumes about 
half as mvch gas as the upright one for 


the same mean lower hemispherical candle. 


power, an’ that therefore it is much more 
economica! than the old kind. In the mean- 
time a burner has been brought upon the 
market thot gives much more favorable 
results than the best known at that time. 
As may be seen from the samples its shape 
is a pleasing one, and it has the advantage 
of being furnished below with a globe of 
glass without perforations, and therefore 
of being less sensitive to draughts of air. 
It looks almost like the Nernst electric 
lamp. 

The new G burner with clear glass globe 
uses only 0.78 liters of gas for 1 hefner 
candle lower hemispherical intensity; the 
old G burner 1.88 lit.; the best old inverted 
M burner, 1.08; and the upright Welsbach 
burner, bare, 2.01, and with reflector 1.89. 
These figures show clearly what progress in 
economy the inverted burner has made 


687 


within a short time, and how greatly su- 
perior it is to the upright burner. This is 
very conspicuously shown by the curve, 
Fig. 1, showing the intensity in the differ- 
ent directions from the old G—, the M—, 
and the new G-burners, with a consumption 
of 100 liters given in Fig. 2, in which the 
horizontal intensities are represented by 
100, shows that the new G burner gives 
the most advantageous distribution, and 
better in the M-burner. The vertical in- 
tensity of the first two is less than in the 
horizontal direction, and at 30 degrees be- 
low the horizontal. This is especially im- 
portant because it is chiefly concerned, 
since the horizontal intensity is greater 
than the vertical, and since the latter in 
this case is sufficient even to satisfy the de- 
mands of a good illumination for open 
spaces. 

Though the two advantages mentioned, 
of the greater economy and more advanta- 
geous distribution of light cannot be denied, 
the introduction of the inverted burner will 
yet encounter difficulties. Many complaints 
are heard, partly justified and partly not. 
They are justified to the extent that, be- 
sides the good burners, very imperfect ones 
are frequently sold, which give out object- 
ionable odors and which rapidly injure the 
mantle on account of the gases. 

I have already pointed out that the bad 
odor is caused by imperfect combustion, 
and that this is caused by the improper mix- 
ture of the gases; the latter is also very 
often the cause of a rapid injury to the 
mantles which are surrounded by the de- 
structive gases. And it must not be for- 
gotten that the mantles also suffer, though 
in a lesser degree, from the conduction of 
heat from the burners; and it is therefore 
absolutelv necessary to put non-conducting 
insulators between burner and mantle to 
prevent this conduction of heat. But those 
complaints are unjustified which result from 
a careless treatment of good burners, or a 
disregard of their peculiarities. Complaints 
in most cases are the fault of the man- 
ufacturer himself and of those who install 
and adjust them, because they do not in- 
struct the consumer sufficiently, or because 
they do not properly install them. For in- 
stance, a certain minimum gas pressure is 
required for a good burner, which varies 
according to the kind of burner between 
20 and 30mm. 

But some burners are also sensitive to 
too high a pressure under which they give 
an unsteady and flickering light. The lat- 
ter fault may generally be removed by reg- 
ulating the air supply by means of the shut- 
ter. Many complaints are also heard of the 
greater number of mantles required, al- 
though it is my experience that no more 
are needed than for upright burners. 
Breakage is often because of careless light- 
ing too long after turning on the gas, which 
is then accompanied by a rather violent ex- 
plosion. But this may also be caused by 
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a bad construction of the burner. Especial- 
ly in larger stores where there are many 
burners much harm is done in this way. 
To prevent this it is desirable to furnish 
the burners with special pilot flames, or 
igniters, that cause an ignition at the right 
time. Most burners do not have these ar- 
rangements, or if present they are faulty. 
Tt should be remarked that pilot flames are 
an expensive method of lighting, though 
they contribute to the protection of the 
mantles; but I do not think it advisable, 
from my experience to substitute automatic 
igniters for them because there are not 
quite to be depended upon, and do not ig- 
nite quickly enough. An igniter which may 
overcome these defects is due to the in- 
vention of Auer von Welsbach, with re- 
spect to pyrophorous alloy. He has found 
that an alloy of 30% iron and 70% Zir- 
conium is strongly pyrophorous, and that it 
gives innumerable sparks of a high power 
of ignition on being only slightly rubbed 
with a file or any hard surface. Such an 
igniter, designed only for upright burners, 
has been used for several months in the 
laboratory of the Municipal Gas Works, 
and has worked well. By properly design- 
ing it, it is expected that such an igniter 
may also be used for inverted burners. 


Finally I must again point out that the 
kind of mantle used has an important bear- 
ing on the maximum intensity obtained. 
Since we have different kinds of burners, 
but no standard burner, the mantles have 
to be fitted exactly to the burners with re- 
gard to width, length, shape, thickness of 
the thread, and kind of web. The mantles 
that are delivered by the different mantle 
manufacturers for the same kind of burner 
are very different in quality. 

I shall now take up the application of the 
inverted burner to street illumination. Last 
year I stated that trials of this kind were 
being made in Berlin. Attempts were first 
made to place the burners in suitable. lan- 
terns, then in use which throw no shadow 
downward. But it was soon found that this 
was not profitable. There was, for instance, 
a diminution of intensity, or there were 
technical difficulties in the placing of sever- 
al burners in one lantern. It was required 
that lanterns and burners should form, so 
to spevk, an organic whole. Of such lamps 
those made bv Ehrich and Graetz, and by 
the German Incandescent Gas Light Co., 
were chosen for illumination of Invalid 
street, in Berlin; they are closed below by 
a g'ass he~isphere, and are susnended from 
the tcp. Since these lanterns give a small- 
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er sidewise distribution of light than those 
with upright burners, and since they nat- 
urally throw sufficient light downward, a 
reflctor must not be convex, but slightly 
concave, in order to direct the light that 
falls downward further outward. The 
mantles, especially in the case of lamps with 
several flames, are best surrounded by a 
more or less long glass cylinder open be- 
low for the purpose of admitting air to the 
seperate flames, and for the protection of 
the mantles in replacing them. 

Since it was intended to obtain a much 
better illumination in Invalid street than 
could have been possible with two-flame 
lanterns with upright burners, lanterns with 
several burners were applied. It was to 
be determined what number of burners in 
the lanterns would be most advantageous. 
Two, three, four, and five burner lanterns 
were tried. The results are shown in Fig. 
3 first with respect to the actual illumin- 
ation obtained, and then for that form I 
cm. of gas. 

The height of the source of light is taken 
as 4.7m. The illumination was measured 
ona plane at different distances, both hori- 
zontally and normal to the rays. It may 
be seen that in the latter case at the same 
distance from the lamp, the illumination 
does not increase in proportion to the num- 
ber of burners, and much less in the first. 
The two burner lantern surpasses here the 
one with three burners. The illumination 
of the horizontal plane, referred to a gas 
consumption of 1 chm., per hour, at a 


distance of 7m. is even greater from the 
two burner lantern than; from the three 
burner. The efficiency is lessened by the 
fact that the single mantles obstructing 
each other in their radiation. If, there- 
fore, we have to do with illumination of 
streets where the lanterns are placed at 
greater distances from each other the two 
burner lantern is to be preferred; at street 
crossing, however, where very good illumin- 
ation is required for the sake of traffic, and 
where the distances from each other are 
not great, it is best to use three and four 
burner lanterns. This principal has also 
been followed in illuminating Invalid street. 
Each lamppost has two lanterns suspended 
on two straight arms running in the di- 
rection of the street. The height of the 
source of light above the pavement of the 
street is 4.5 m. 

According to general opinion the illumin- 
ation of Invalid street is very successful; 
and I think that the photometric measure- 
ments taken there confirm this opinion. The 
results are shown in Fig. 4. For compar- 
ison other results are also given that were 
found from former measurement in other 
streets of Berlin with different kinds of 
illumination. For instance are: in Alexan- 
der street, where the lanterns contain two 
compressed gas burners, each with a gas 
consumption of 1.2cbm. per hour; in 
Leipziger street, with electric arc light in 
the centre of the street: and in Bellevue 
street, with flaming arc lamps, likewise in 
the centre of the street. 
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The illumination of the horizontal plane 
in the centre of the street in Invalid street 
is very evenly distributed—more so than 
that in Leipziger street with arc light il- 
lumination, though itself more feeble than 
the latter.. In the same way the illumin- 
ation on the sidewalk in most places is 
more feeble than in Beipziger street. The 
flaming arc light gives on the average more 
feeble illumination than the inverted gas 
burner, and the Millenium, light surpasses 
all the three mentioned kinds of illumin- 
ation. But we get an entirely different re- 
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only be drawn if we compare the cost as 
well as the illumination produced. 

- Let us consider first incandescent gas 
illumination, that is to say, intensive il- 
lumination with inverted and Millenium 
burners with which we are chiefly con- 
cerned. Putting the results obtained in the 


‘two streets mentioned, on a basis of I cbm. 


gas consumed, gives the curve, Fig. 5. 
Hence we obtain from the same consumpt- 
ion of gas on the average a better illumin- 


_ ation on the perpendicular horizontal planes 


sult if we consider the illumination on a _ 
~ would be still more favorable if the lamps 


perpendicular plane across the middle of 
the street in the different streets. The arc 
light still more, while the Millenium light 
has a much stronger effect than the other 
kinds of illumination. The illumination on 
a perpendicular plane running in the di- 
rection of the street and in its centre is, 
in the case of the flaming arc light, almost 
zero. ‘The same conditions must exist in 
Leipziger street, since there, as also in 
Bellevue street, the lamps are suspended 
over the centre of the street. 

But a decisive comparison of the value 
of the different kinds of illumination can 


by the inverted incandescent burner. Prob- 
ably the results for the inverted burner 


had only one single large burner, with the 
same gas consumption, in place of the three 
burners. But this can be done by using 
compressed gas. But not a single such 
lamp that burns with pure gas is known 
to me, though many are working at it zeal- 
ously. The difficulties are greater than 
are generally supposed, though the con- 
struction appears simple because it is much 
easier to give a good downward move- 
ment to gas under a high pressure than 
under a low pressure. Only the Selas 
Light Company makes one large lamp. 
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The Commercial Engineering of Ttimnination 


SOME NOTES ON HIGH EFFI- 
CIENCY UNITS BY THE 
MANUFACTURER 


By Max Harris. 


Read before the Ohio Electric Light Asso- 
ciation at its Twelfth Annual Conven- 
tion, held at Put-in-Bay, Ohio, 
August 22, 23 and 24, 1906. 


In view of the many technical and semi- 
technical papers which have been read on 
the subject of the Nernst System, this pa- 
per was written in the belief that you would 
be interested 
termed’ a résumé of these papers, as ex- 
pressing the belief and views of the manu- 
facturer. Starting with a brief description 
of the article itself, and describing some 
methods of marketing, the demand for the 
article by the consumer is then taken up, 
and finally some notes on the value and 
utility of the lamps to the Central Station 
are presented. 


THE ARTICLE ITSELF, 


So much has been written and said about 
the Nernst System from the technical stand- 
point that no attempt will be made to cover 
this side of the question. While I appreciate 
fully the necessity and value of photometric 
curves and technical data for assisting the 
engineer in planning the lighting of large 
areas, and while all such data is available, 
and papers on this side of the question 
have been read before this association, I 
am of the opinion that for the daily prob- 
lems which you have to solve in your ef- 
forts to increase the sale of electric cur- 
rent, and in meeting the requirements of 
your customers, that a full knowledge of 
the practical results obtained will be of 
greater interest and value to you. 

The Nernst System, as now marketed, 
consists of five units for use on alternating 
current circuits of I10 or 220 volts, 25 to 
133 cycles, for indoor and outdoor service, 
and popularly termed one-glower, two- 
glower, three-glower, four-glower and six- 
glower lamps. 

The manufacturer, after four years of 
practical experience in the installation of 
these units, has been enabled, for all prac- 
tical purposes, to classify these units as 
compared with other systetiis on the mar- 
ket as follows: 

The one-glower lamp, consuming 88 
watts at 220 volts, will successfully replace 
three 16-cp. incandescent lamps, or one 
gas mantle. 

The two-glower lamp, consuming 176 
watts at 220 volts, will successfully replace 
seven I6-cp. incandescent lamps. 

The three-glower lamp, consuming 264 
watts at 220 volts, will successfully replace 


in hearing what may be. 


ten 16 cp. incandescent lamps, or one four- 
burner gas arc. 

‘lhe tour-glower lamp, consuming 352 
watts at 220 volts, will successfully replace 
fourteen 16-cp. incandescent lamps, or one 
6-ampere A. C. enclosed arc lamp. 

The six-glower lamp, consuming 528 
watts at 220 volts, will successfully replace 
twenty 16-cp. incandescent lamps, or one 
7¥2-ampere A. C. arc lamp, or one 5-am- 
pere"D Ce arclanip. 

The light emitted from the Nernst 
glower is absolutely steady at all times, 
mellow and pleasing, and of a color best 
suited for the illumination of stores, public 
buildings, and generally for all classes of 
indoor illumination. 

An important and valuable feature, not 
possessed by any other system, is the ab- 
solute uniformity of quality and color from 
the various units. Until the advent of this 
system, it was impossible to obtain such re- 
sults, and it is only necessary to cite the 
example of window display and interior 
store lighting to forcibly impress upon you 
the importance of this feature of the Nernst 
System. 

The flexibility of this system is such that 
units of proper size may be installed at ex- 


isting outlets, avoiding the expense of re- 


wiring, and what is more important, exces- 
sive or insufficient illumination at any 
point, insuring the consumer a cost for 
his illumination commensurate with his 
requirements. 

The care and maintenance of the lamps 
is simple and inexpensive, as the experience 
of hundreds of Central Stations has demon- 
strated. Depending upon local conditions, 
labor cost and the number of units in ser- 
vice, the cost of maintenance ranges from 
three to eight mills per kilowatt hour. 


METHODS OF MARKETING. 


When the Nernst System was first pre- 
sented to the public it was with the belief 
on the part of the manufacturer that such 
a system was needed, as with the then- 
prevailing incandescent system units of 
varying sizes, particularly the medium and 
larger sizes as represented by the three, 
four and six-glower Nernst units, were not 
available, and I do not think it necessary 
to attempt to satisfy you that the A. C. 
multiple enclosed arc lamp was and is an 
undesirable unit both from the operative 
and commercial standpoint, and was only 
eed because nothing better was avail- 
able. 

To successfully market any article there 
must exist a field for it, and this field must 
be developed by the manufacturer. Believ- 
ing that such a field existed, and that the 
Nernst Lamp possessed points of superior- 
ity as above outlined, the manufacturer 
undertook to market the Nernst System. 
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Several methods of marketing were and 
are open to the manufacturer—through the 
jobber, supply dealer and _ contractor; 
through the Central Station, or directly to 
the consumer. 

Up to the present time it has been found 
most satisfactory to market the Nernst 
System through and with the co-operation 
of the Central Station, and accordingly the 
policy of offering Central Stations a com- 
prehensive and practical means of obtain- 
ing the desired results was adopted. 

It has been my experience that in many 
instances the managers of Central Stations 
have looked with disfavor or alarm upon 
the advent of the Nernst System, express- 
ing the belief that the introduction of 
Nernst lamps would tend to reduce their 
revenue, but I have yet to find a Central 
Station that has reduced its revenue be- 
cause it adopted the Nernst System as one 
of the mediums through which to sell cur- 
rent. On the other hand, the Central Sta- 
tions have been able to increase their busi- 
ness, maintain rates, obtain a volume of 
business not theretofore obtainable, and in 
general to increase the standard of illu- 
mination. 

The basis upon which Central Stations 
should and do promote the use of Nernst 
lamps depends upon local conditions and 
the policy of the Central Stations. 

The mnuf-civrer rig**fu'ly expects that 
this system shall be offered to the con- 
sumer on an equal basis with other illumi- 
nants. This being recognized as a reason- 
able and just position, it has been the 
policy of the Central Stations, who have 
already established the precedent of loaning 
apparatus, to also loan Nernst lamps as an 
inducement for the use of current. Such 
a method is specially warranted with the 
Nernst System, aside from any established 
policy of the Central Stations, in view of 
the remarkable record made by this system 
in obtaining business not already enjoyed 
by the Central Station. 

Other methods include a re-sale of the 
lamps at cost; in many cases under de- 
ferred payment plan, and in some cases 
Onvaxrentalepasis: 

-Wherever the policy of free renewals 
is in vogue, free maintenance of the lamps 
has been adopted. In some cases’ where 
consumers purchase renewals for incandes- 
cent and arc lamps, a fixed charge, usually 
1oc. per glower per month, is made for the 
care and maintenance of Nernst lamps, or, 
inasmuch as the cost of maintenance is pro- 
portional to the wattage consumed, an ad- 
ditional charge of one-half cent per kilo- 
watt hour is sometimes added to the regu- 
lar rate for current. 

After all. the question of the method to 
be adopted is a simple problem in arith- 
metic. 
$12.00 would carry an interest and depre- 


ciation charge of. $1.80 per year. or I5¢c. - 


per month, which charge may readily be in- 


As an example, a lamp costing - 


cluded in the charge for current, and every 
Central Station manager can work out for 
himself a protitable method. 


THE DEMAND FOR THE ARTICLE BY THE CON- 
SUMER. 


The demand for any article is based, 
first, upon its merit, and second, upon the 
publicity given the article and its advan- 
tages. 

it is a well-known fact that the use of 
or adoption of any device which will tend 
to lessen the cost of a commodity, be it 
electric current or otherwise, will, and 
does, result in the greater use of that 
commodity. In other words, to lessen the 
cost per unit of illumination will increase 
the number of units in use. 

The manufacturer, recognizing this truth 
as applied to the Nernst System, has as- 
sumed the responsibility of educating the 
user of artificial illumination to the advan- 
tages of this system and effectively pro- 
moting its introduction. 

Much has already been accomplished 
along these lines, and now that the value 
of the Nernst System has been clearly 
demonstrated and generally admitted by 
the Central Stations, the manufacturer, 
through various mediums and methods of 
publicity, and in co-operation with and for 
tne benefit of the Central Stations, will en- 
deavor to create a still greater demand by 
a direct approach to the consumer. 

As the consumer has a right to expect 
that the Central Station will furnish the 
best and most efficient illuminant, any 
Central Station whose conditions do not 
preclude the use of such apparatus, and 
which fails to meet this reasonable expec- 
tation and demand of its patrons, stands 
convicted of being an unprogressive and 
illiberal public utility.. The duty of the 
manufacturer ceases after the demand has 
been created, and thereafter the responsi- 
bility rests with the Central Stations. 


VALUE AND UTILITY TO THE CENTRAL STA- 
: TIONS. 


Some of the advantages accruing to the 
Central Station by the use of the Nernst 
System will be briefly set forth. 

After all, the most important advantage 
is its ability to obtain and hold new busi- 
ness not already enjoyed by the Central 
Station. 

The following extracts from the Elec- 
trical World of February 24th and April 
21st are interesting as conclusive evidence 
of this contention. 

“From all over the country come reports 
of the successful meeting by Nernst lamps 
of the stiff competition put up by so-called 
gas ‘arcs’ for commercial lighting. That 
the competition of this type of gas burner 
with electric illuminants is severe in the 
majority of cases cannot be denied, and it 
has perhaps been most keenly felt where 
the gas ‘arc’ has come into direct compe- 
tition with alternating current arcs. As 13 
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well known, both of these sources are defi- 
cient with respect to the proportion of 
total light thrown downward at angles be- 
low 60 degrees from the vertical. It is 
just at this point where the Nernst lamp 
comes in with its great percentage of 
downward illumination. ‘that the gas 
burner does make a good showing when 
comparisons are made on the basis of 
mean spherical candle-power cannot be 
denied, but the defect noted has been 
its undoing, except where electric rates are 
very high and gas rates very low, when 
brought into competition with Nernst or 
high efficiency incandescent lighting units 
properly placed and eqttipped with reflect- 
ors. It appears to be the general experi- 
ence that one three-glower Nernst lamp 
taking 264 watts is able to in commercial 
practice replace the ordinary four-burner 
gas ‘arc’ lamps; and this is confirmed by 
some: recent tests which show that the 
useful light from a three-glower Nernst is 
about the same as that from a four-burner 
gas ‘arc. Assuming the Nernst lamp to 
be supplied with electrical energy at Io 
cents per kilowatt hour, the cost of the 
three-glower, 264 watt Nernst lamp would 
be 2.6 cents per hour. Four-burner gas 
lamps, when burning at an efficiency mak- 
ing them comparable with the three-glower 
Nernst lamps, consume in the neighborhood 
of 20 cubic feet of gas per hour. With gas 
at $1.25 per thousand cubic feet, the -cost 
would be 2.5 cents per hour. With the 
cost to the user approximately the same, 
the electric light naturally suas always the 
preference. 

“One of the most notable instances of 
the successful employment of Nernst lamps 
to win over the shopkeepers of a small city 
to the cause of electric lighting has been at 
Yonkers. Gas here sells at $1.00 per thou- 
sand cubic feet, but so successfully has the 
electric light company pushed the Nernst 
lamp, that gas and gasoline arc lamps 
have almost disappeared. 


Many shops, although still equipped with 
ordinary Welsbach mantle gas lamps anu 
gas arc lamps, use the Nernst lamp in pref- 
erence. The company supplies the Nernst 
lamp tree of charge and looks after its 
maintenance, with the result that the light- 
ing business has grown enormously. On 
June I, 1905, the number of Nernst lamps 
installed were as follows: 196 one-glower 
lamps, 382 three-glower lamps and 13 six- 
g'ower lamps, a total of 591 lamps with 
1,420 glowers. The growth since then may 
be gauged from the number in use on 
March Ist of this year, which is as follows: 
638 one-glower lamps, 571  three-glower 
lamps and 10 six-glower lamps, a total of 
1.219 lamps with 2,411 glowers. making an 
increase of over 100 per cent. in the num- 
ber of lamns connected in nine months.” 

Another advantage of the system is its 
ability to hold customers who are dissatis- 
fled because of insufficient illumination or 
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high cost. It has been: the writer’s experi- 
ence with this class of consumers that what 
they most desire is better and increased 
illumination without material increase in 
cost. This can invariably be accomplished 
by the installation of a sufficient number of 
units of proper size. 


Again, in the case of so many merchants 
who are using electricity for lighting their 
window displays and gas arcs for interior 
illumination, by cutting down some of the 
current consumed for the window display 
illumination and replacing the gas arcs by 
a complete Nernst installation, the con- 
sumer, at about an equal cost for a com- 


_plete electric installation, replacing the for- 


mer gas and electric outfit, is secured for 
the Central Station, with dual advantages 
to the Central Station of an increased sale 
of current and a load which instead of 
being an entirely peak and after peak load, 
becomes a distributed load, with part of it 
in use during the day hours. 


‘Lhe cut on page 6 illustrates the card 
used in some cities by the solicitors for re- 
porting mixed installations to the Contract 
Agent of the Central Stations to enable 
them to pass upon the desirability of install- 
ing Nernst lamps. In this particular in- 
stance the consumer was using 12 incan- 
descent lamps for window display lighting 
and four gas arcs for interior illumination. 
The proposed new installation would in- 
clude two two-glower lamps in the win- 
dows and four three-glower lamps for the 
interior, showing an increase from a con- 
nected load of approximately €00 watts to 
a connected load of approximately 1,400 
watts. 


Again, the installation of four three- 
glower lamps instead of two arcs will in- 
variably result in an increased use of elec- 
tric current, as during the early morning 
and evening hours, when the use of two 
arc lamps is too expensive for the average 
small merchant, such users will operate two 
of the three-glower lamps. 

In many cases on record Central Stations 
have changed their flat rate to meter rate 
contracts by installing Nernst lamps, and 
it requires no lengthy argument to convince 
VOU sthat@in all such” instances’ 4f “is; ‘the 
proper move to install lamps of the highest 
efficiency available. 

Where a Central Station changes from 
open arc service, it is advantageous to em- 
ploy Nernst units of varying sizes, and 
particularly is this so where the use of 
alternating current multiple arc lamps is 
contemplated, because of the unity power 
factor of the Nernst System and its other 
advantages. 


As a means of presenting something new 
and novel to the prospective consumer, the 
first installations of such lamps, because 
of the distinctive form of the lamp and 
the color of its light, will attract attention: 
attention will arouse interest, which in turn 
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will create inquiry, and inquiries, 1f prop- 
erly followed, will result in the further in- 
troduction of lamps with a consequent 1in- 
creased sale of current, and with the fur- 
ther advantage that each lamp_ installed 
will shine out as an advertisement for the 
Central Station. 

As a means of obtaining a large volume 
of business which may be classed under the 
heading of “Advertising,” such as Window 
Display Illumination. . 

As a means of broadening the peak, due 
to the ability of the Central Station to ob- 
tain a large number of small consumers, 
who, as a rule, have a connected load very 
nearly equal to their daily-peak consump- 
tion, and which class of consumers are bet- 
ter than a: small number of so-called large 
consumers, who, as a rule, have a connect- 


ed load greater than their usual daily-peak 


consumption. 

Another advantage lies in the fact that 
while Central Stations have been trying 
“to sell current at the meter,” they now 
generally recognize they must go further 
and act as Illuminating Engineers, and ac- 
cordingly become more interested in actual- 
ly selling illumination. With the Nernst 
System this problem is made easier for the 
Central Station by reason of its many ad- 
vantages—quality of light, efficiency, ap- 
pearance and flexibility of the system. 

In conclusion, your attention is directed 
to the recent development of a series sys- 
tem of single vertical glower Nernst lamps 
for street lighting. Briefly, the system con- 
sists of placing in circuit on any alternating 
constant current circuit of 6.6 or 7.5 am- 
peres a series transformer with each single 
glower lamp. The total wattage con- 
sumed by the series transformer and lamp 
is 115 watts. By the use of this system 
Central Stations are placed in a position 
to compete with the single burner Welsbach 
gas system. 





ORGANIZATION AND CONDUCT 
OF A NEW BUSINESS DEPART- 
MENT SUITABLE FOR CEN- 
TRALSTATIONS IN CITIES 
OF 50,000 POPULATION 
AND UNDER 


By CHARLES NATHAN JACKSON. 


I have always lived in the small city of 
“C.,” a town of about thirty thousand in- 
habitants, in Central Ohio. I have been in 
the banking business for several years, and 
was interested, to a certain extent, in our 
local electric light plant. In the course 
of time, however, I purchased the entire 
property. The former officers of the com- 
pany had always been satisfied to let well 
enough alone, and, as the plant was pay- 
ing a small dividend, they were not very 
aggressive. JI determined to see if, by in- 
creasing the business, I could increase the 
net earnings of the property. , 


We had a total generating capacity of 
600 kw. and did not do the municipal 
lighting. The revenue was about thirty 
thousand dollars per year, and the plant 
was loaded to its utmost capacity about 
five o’clock in the December afternoons. 
The manager in charge was a very capable 
operating man and had several years of 
experience at operating plants. He was 
drawing a salary of two thousand dollars 
per year, but did not seem to know much 
about hustling the business. When I asked 
him what we had better do to increase the 
revenue, he said, “Hire a solicitor and in- 
stall more machinery.” We finallv secured 
a young man who*had sold electricity in 
another town, and started him to work, and 
then began to make plans for increasing 
the capacity of the plant. We were charg- 
ing ten cents per kw. hour and the voung 
man had not been at work very long be- 
fore he secured a contract for a wholesale 
house that would use about twenty-five 
arc-lamps. He also got contracts for sev- 
eral factories, and I began to think that 
there was a good prospect of his building 
up quite a business. However, I did not 
see any increase in the receipts, but the 
manager told me to wait until next winter 
and all these new customers would then 
be using the light. Of course we could not 
expect much. in the summer, as they did not 
need +it,) Gas “was ‘selling ata dollar<a 
thousand cubic feet, and a walk through 
the business district at night showed all 
the saloons, drug stores, restaurants and 
hotels using gas. Upon inquiry I found 
that the price of electric light to such con- 
sumers was about three times the cost of 
gas, and of course they could not afford 
to pay the difference. The solicitor’s busi- 
ness soon began to drop off, and in a few 
months his orders were very few and far 
between. He merely said that he had se- 
cured every customer that he could and 
could not possibly get any more. 


In other cities I have seen the electric 
light company light all the saloons, drug 
stores, etc., and wondered why we could 
not do “it:.°- So; Pv began ‘to look around 
and see if I could not find a man who 
could get the business. One day, in an- 
swer to one of my letters, Mr. Johnson, a 
man of about thirty-five years, called to see 
me, and in answer to my question as to 
what he could do, he replied that he did 
not know, but that if I would give him a 
guide and a right to ask a few questions, 
he could soon tell me. I did so, and the 
next day he returned and said, “I find that 
vou have loaded your plant down with 
‘short burners.’ About the only revenue 
you get is on the peak in the winter. You 
asked me how I could increase your net 
profits, and I will say that I can increase 
your net profits from twenty to thirty 
thousand dollars per year, and you need 
not ‘purchase any more machinery.” I re- 
plied that I did not see how that was 
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possible, as we could not raise our prices. 
He said that he would cut them to some 
customers and raise undesirable ones. 
“For example, you have a commercial light 
and power load of 600 kw. on the peak, 
or a revenue of fifty dollars per year per 
kw. demanded on the peak. Now, there 
are a great many concerns, such as saloons, 
drug stores, restaurants, hotels and other 
‘long burners’ that you ask to pay at your 
present ten cent rate, $200 per year per 
kw. demanded, which is much too high. 
Imagine a drug store having forty 16 cp. 
lamps, paying ‘you $400 per year. Their 
gas bills are not over $150 per year, but 
you will let a wholesale store that closes 
at 5:30 burn forty 16 cp. lamps and only 
pay you $50 per year, and they cost you 
nearly as much as the drug store. All of 
your fixed expenses are the same for both, 
but the drug store uses about 4,000 kw. 
hours and the wholesale store 500 kw. 
hours. As your coal bill is not over one- 
half cent per kw. hour, you can see the 
drug store would cost for coal $20, the 
wholesale house $2.50. So you are either 
making a very large profit on one or losing 
a lot on the other. 


I could readily see that this argument 
was correct, and asked him how he would 
go about it to produce results. He replied 
that the town was not large enough for 
him to spend his entire time with us, but 
that he had in training several bright sales- 
men, any one of whom was capable of going 
into the town and working up the business 
under his supervision. Of course it would 
oftentimes be necessary for him to help the 
solicitor on some big contract, and that 
he would charge me $1,800 per year for the 
services of the solicitor, and for his own 
services he would ask 25% of the increased 
profits during the first two years; after 
that he would probably not be needed, as 
things would be running so nicely that the 
solicitor would be able to go it alone. 

His desire to back up his ability with 
such a proposition made me feel safe in 
accepting it at once. He at once came on 
the ground to give us a start, and first got 
a friend of our company to agitate a rate 
ordinance, which was passed. It prohib- 
ited a charge in excess of fifty cents per 
month per 16 cp. lamp to customers using 
light not over ten hours per hay. The 
“long burners,” of Course, were pleased and 
boosted it along. The “short burners” 
never dreaming that it would affect them, 
said nothing. He then sent for the solicit- 
or, who was instructed to charge a flat rate 
of $5.00 per month per kw. demanded and 
an extra charge of two cents per kw. to 
all light customers, except residences, who 
were to pay ten cents per kw. hour., $1.00 
minimum. Lodge rooms, churches and ho- 
tels were to receive a special rate. The 
solicitor had no trouble in securing con- 
tracts with all the “long burners,” and at 
the same time kept an eye open for un- 
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profitable “short burners” and raised their 
price to the new rate. The wholesale house, 
when asked to pay ten dollars per month, 
plus two cents per kw. hour, threw up 
their hands in horror and said that they 
would not stand for any such “hold-up,” so 
they put in gas. 
In October the load curve of the station 
looked like No. 1. The load curve before 
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looked ‘like No. 2.\ He said: “You -.will 
notice that the load drops off a little after 
six. If we don’t do something we will 
have a curve like No. 3 in December. You 
will notice on No. 3 that it will begin to 
drop off at five p. m. I am going to start 
a strong campaign on residence lighting, 
churches and lodge rooms, which com- 
mence to burn at five o’clock and get heav- 
ier as the other load goes off. He engaged 
two bright voung fellows and started them 
after residence contracts at the old price 
of ten cents per kw. hour. They would 
turn the names of all prospective custom- 
ers over to a stenographer, who would 
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mail them a series of letters and advertis- 
ing matter on electricity tor home use. In 
that manner they wouid get from two to 
four contracts per day. All that time the 
solicitor was getting all the churches and 
lodge-rooms he could, at a six cent rate. 
It was not long before I could see a change 
in-thé load curve: It began to fll out-aiter 
six, and by Christmas it looked like No. 4. 
He was not satisfied with that but said he 
wanted one to look like No. 5, and that he 
would get it with power business. I re- 
plied that factories did not stop work until 
5:30, so their load would be on the peak. 
He said that large factories.are on the 
peak, but small shops are not. He had 
studied their load and found that a load 
curve from a power circuit handling a 
great. many large and small customers 
showed a load curve during December that 
began to. drop —off: ‘at’ four “0 clock “and 
reached, zero at six, and at five o'clock it 
was only 50% of the total load, and that 
there were several large factories which he 
knew were on at five o’clock, consequently 
it must have been the small shops that be- 
gan to quit at four o’clock and were prac- 
tically all through at five. 


He began to push power business at three 
cents to large and small customers alike. 
As there was no firm in town that handled 
motors, we sold them to our customers at 
cost. Such a low price on power secured 
a great many small power customers and a 
few large ones. He was gradually filling 
up the “valley” in the load curve, and our 
receipts in March were $5,000, which made 
me feel pretty good. About that time a 
big cold storage plant was being built, and 
Johnson went after the business, quoting 
a two cent rate.” He told me that: they 
would require 100 hp. about 600 hours per 
year, which, at two cents per kw. hour, 
would give us a revenue of $9,000, of which 
about 75% was clear profit. I had so much 
confidence in Johnson that I knew he was 
right, but I had to ask how the profit could 
be so much and how he could carry the 
increased load. “Nothing easier,’ he said. 
“They agree not to use power after 4 Pp. M. 
in November, December and January, so 
the only time they come near our full load 
is Saturday night in the summer time, and 
then our load is never more than 4oo kw. 
Regarding the 75% profit, I am going to let 
you answer that. Do you have to put in 
any more machinery to carry the load?” 
I replied “No.” “Do you require any more 
met to Tuns-younr plant = i caida NG. 
“Then isn’t coal the only added expense, 
and does it cost you over one-half cent per 
kw. hour?” I took off my hat to him. I 
could see his 75% profit. 

When summer came, our receipts held 
up to about $4,000 per month. All the 
stores were paying their “flat rate.” The 
power customers were paying more than 
they. did in the winter, the refrigerating 
plant was paying us nearly a thousand dol- 


lars per month, and I began to see visions 
of a good paying property. 

Johnson had an office system that was 
very thorough and yet very simple. He 
first bought one section (two drawers) of 
a vertical filing cabinet. The folders were 
numbéred.. from .“one”’ «ip. «He had =an- 
other drawer in which he kept his 3 x 5 
index cards. When a new contract came 
in, a work order was issued in quadrupli- 
cate (two heavy copies and two tissues) ; 
one tissue was put in the customer’s folder, 
and the two heavy copies and the other 
tissue went to the operating manager, who 
kept the tissue and passed the two heavy 
copies to the line foreman and the meter 
foreman. ‘The operating manager’s tissue 
was kept on his desk so that he could see 
what orders were in the hands of the men. 
When the men _ returned their copies 
marked “completed” he destroyed his tissue 
and passed the order back to Johnson, who 
passed them, with the contract, to the book- 
keeper, who would enter customers name 
and rate on the ledger, and then would 
pass them back to Johnson, who filed them 
in the customer’s folder. He issued work 
orders for meter tests, complaints on ser- 
vice, etc., to the operating department in 
the same way, always filing his tissues at 
once, so, at any time, a glance in the folder 
would tell what the last move was. Ali 
prospective customers had a folder. After 
a visit, where anything of importance was 
said or done, he would dictate a “report” 
and file it. He also had a small deck tray, 
which he: called the “tickler”’: One set of 
guides were for the twelve months, and 
one set for thirty-one days. I have seen 
him dictate a report on a prospective cus- 
tomer, saying that if Jones & Co. renewed 
their lease December Ist they would be 
glad to accept our proposition of April 
15th.” He would then drop a 3x5 tickler 
card in the tickler, for about December Ist, 
calling attention to report of April 15th on 
Jones & Co. He never tried to remember 
the slightest thing regarding any deal. If 
it were “up to the other party” he paid 
no attention to it and never gave it an- 
other thought. If it were “up to him” he 
would put in a tickler that would come up, 
say in ten days, asking if “Davis & Co. had 
answered June 12th,” or “had P. C..Stew- 
art sent him plans as per May 29th.” 


One day I asked him how a certain big 
power. deal was progressing. He looked in 
the. folder and found that the last thing 
done was a letter confirming a verbal quo- 
tation. It was signed by the solicitor, and 
we, to test the solicitor’s system, looked in 
the tickler to see if he was taking care of 
it. We found a tickler dated eight days 
from the date on the letter, asking if the 
Iron Works had answered May 7th. He 
taught his solicitors never to use their 
memory, but to keep the system in first- 
class shape. He said that a good man 
could solicit at one time fifty large deals, 
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whose business would run from three thou- 
sand to twenty thousand dollars per year, 
and can tell any detail of any one of them 
in a very few minutes. After a call on a 
prospective customer, he should decide 
when he would call again, make his notes 
and then forget that such a deal is on. 

There were about fifteen deals which he 
gave his personal attention in our town. I 
have seen him come into the office after a 
week’s absence, look at a small memo book 
and say, “I must see Brown & Co. this 
trip.’ I would ask him “How about the 
others?” He knew no “others.” He only 
knew those that turned up for that trip 
and under no circumstances would he go 
near any other deal. 

He trained his men never to say any- 
thing while on a deal until they got all the 
information they could; then to go away 
and “form a plan of campaign,’ and when 
they got a plan that looked good to them, 
“go ahead and work it.” 

At the end of the second year the results 
showed that our revenue was $62,000 per 
year, and about the only increase in op- 
erating expenses was for coal. I was very 
glad to pay him according to our agree- 
ment, and insisted on retaining him at a 
salary of $1,200 per year in an advisory 
capacity only. 

Our two largest hotels looked as dark 
and gloomy as they could, and the owners 
would not install any more lamps. The 
solicitor, by making a special rate for a 
few months, lighted one hotel until it made 
the other look like a dungeon. That made 
the owner of the “dungeon” sit up and take 
notice. As soon as the dungeon was well 
lighted and a contract was secured, the 
solicitor had no trouble in securing a con- 
tract with the other. 

We made a special rate of three cents 
per kw. hour, with a minimum of five cents 
per month per two cp. lamp, on signs. 
the customers agreeing not to light them 
before 5:30. As they came on after our 
five o’clock peak, our cost was only one- 
half cent per kw. As the sign load would 
give us a revenue of nearly $60 per year 
per kw., we considered it the best kind of 
business. Johnson showed me that if we 
charged six cents for sign lighting, we 
would, as a rule, not get over $60 per kw. 
per year, as they would light them at 4:30 
during the holidays, and be on our peak, 
there would be no profit to speak of, while 
at the three cent rate with the 5:30 start, it 
was nearly all profit. 

The Gas company, seeing their “long 
burners” leaving them. and. in return, 
getting our outcasts (short burners). be- 
gan A very aggressive campaign, and of- 
fered all sorts of cut rate propositions. 
Johnson told me to call upon their man- 
ager and tell him that if he did not quit 
that kind of warfare, we would give him 
a “dig” that would hurt. You can imagine 


what that manager said to me. After I 
reported the resuit of my talk with the gas 
manager to Johnson, he said that we would 
advertise complete electric cooking outtits 
for $80 on time payments, and would sell 
current for them at two cents per kw. hour. 
By advertising we had no trouble in as- 
suring the public that it was cheaper, cooler, 
cleaner and more healthful than gas, and 
we put out fifty sets in two weeks. The 
gas manager came to me and asked me 
how much longer we were going to run 
that offer. I replied “Forever,” and he 
went away declaring that we would go 
into bankruptcy if we continued at such a 
price. Johnson contended that we were 
making a good profit on it at two cents, as 
you sce the cooking load runs like No. 6. 
It is an all day load until people begin to 
get their supper; the load at 5 p. m. is not 
worth considering, and it gradually gets 
heavier until after six. After we put in our 
new 500 kw. generator, we cannot get 
enough residences to fill our load curve 
out from five to six, so the cooking load 
will fill in there very nicely and only in- 
crease our expense a little for coal. The 
gas tianager intimated that if we would 
put the price up to three cents, that he 
would quit cutting prices in the business 
district. But we were so. strongly in- 
trenched there that we thought we had 
better let the price remain at two cents, as 
it was a great “ad” for us. 

You asked me how to organize and con- 
duct a commercial department, and, after 
my experience, can safely say: hire the 
best commercial man in the country and let 
him do the rest. E. E.’s and M. E.’s are 
absolutely necessary in building and operat- 
ing your plant, but don’t expect them to be 
commercial men any more than you would 
expect your architect to manage your fac- 
tory, office, bank or department store if 
he should build it. So far the electric 
lighting industry has paid the high salaries 
to the engineers, and have employed young, 
inexperienced solicitors at salaries from 
forty to one hundred dollars per month, to 
market the product from an investment of 
sometimes millions. For that reason “good 
salesmen” have never cared to go into the 
electric business, and consequently to-day, 
when there is millions of business to be 
sold, there are very few men capable of 
selling it. Let me show you the difference 
between a “good man” and a “cheap man.” 
You wish to develop a certain very thriving 
factory district, where you have to make 
a long run to reach it, and you must secure 
a certain amount of business to warrant 
the extension. Your “good man” secures 
75% of the business that he goes after, 
your “cheap man” 30%. Your “good man.” 
therefore, makes it possible to make the 
run, and thereby gives a big revenue from 
that district, while you get none from the 
“cheap man’s” effort. 
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Review of the Technical Press 


AMERICAN ITEMS 


ELECTRICAL {fRAIN LIGHTING Sys- 
tem. By W. H. Radcliffe-—The 
Electrical Age, October. 


An illustrated article describing the 
different methods of train lighting, 
with particular reference to the means 
of generating and supplying current 
for electrical light. In summing up 
the subject the writer says: 


“In conclusion, it may be said that mul- 
tiple-unit axle-lighting systems are advan- 
tageous in that there is no attendance re- 
quired en route, that power is obtained 
without connections between the cars, and 
that the illumination of each car is in- 
dependent of the conditions of any other 
car of the train. The disadvantages are. 
—The apparatus is in part exposed and 
subject to mechanical injury; storage bat- 
teries must necessarily be used; erratic 
current generation develops commutator 
troubles; the units must be small and 
therefore comparatively inefficient; com- 
pensation for reversal of rotation compli- 
cates matters; the first cost 1s. high, -and 
as depreciation and maintenance are not 
Ow. 

“Several of these -disadvantages. are 
overcome wholly or in part in different 
systems, and while there -is..a still oppor- 
tunity for improvement along the lines 
mentioned, the practicability of multiple- 
unit axle-lighting system is proved by its 
adoption in one form or another, by over 
thirty prominent railway companies in the 
United States, and by more than 130 rail- 
way companies abroad.” 





ELECTRIC LIGHTING OF THE METRO- 
POLITAN BRIDGE OVER THE SEINE. 
Western Electrician, September. 20. 


One of the principle features con- 
nected with the lighting of this bridge 
is the use of two circuits of electric 
lamps, one of which operates all night 
and the other a part of the night. A 
considerable portion of the article is 
taken up with the description of the 
switch employed in connection with 
the short time circuit. The lighting 
proper the following description is 
given: 


“At first it was desired to use the sys- 
tem of incandescent gas lighting on the 


bridge, but as the passage of the cars 
causes a considerable amount of vibration, 
this being of very frequent occurrence 
owing to the large number of trains which 
are run on the line, the incandescent man- 
tles would soon give out, especially as the 
lamps are mounted on the ends of long 
rods which hang down from the super- 
structure. The tests which were made of 
the incandescent gas system showed that it 
could hardly be used on the bridge, and 
again it was found undesirable to lay gas 
pipes across the bridge owing to the leak- 
age of current which was to be feared be- 
tween the current rail and the gas piping. 

“Accordingly, the present system of in- 
candescent electric lighting was decided 
upon, using 550 volts from the main line. 
There are 85 lamps in all, and these are 
placed in the hanging lanterns which will 
be noticed here. A cabin contains the main 
switchboard and the automatic device. The 
lamps are run in series of five. Some of 
the lamps, 35 in. number, are cut off “at 
12:15 A. M., and the 50 permanent lamps 
run till daybreak. 

“Two separate cables are run, one being 
the normal line, and the other the special- 
ly protected circuit for extra precaution. 
Thirty of the permanent or all-night lamps 
are placed on the protected circuit. and 20 
on the other, and the 35 variable or early 
lamps are connected on the nornfal circuit. 
This arrangement is used so as to provide 
for accident in one of the circuits and al- 
ways have the bridge lighted. It is now 
desired that the lighting and extinguishing 
of lamps be done ‘without having to look 
after them, ‘and for: this purpose an in- 
genious device is used.” 


The balance of the article is taken 
up with a description of the device. 





Tue LIGHTING OF CHURCHES.. By J. 
R. Cravath and V. R.. Lansingh.— 
Electrical World, October, 6. 


The article takes up the general dis- 
cussion of the subject, showing hy 
photographic illustrations various sys- 
tems in use in churches of different 
types of architecture, calling attention 
to the good points and criticising de- 
fects. Summarizing the various 
methods used, the writers come to the 
following conclusions: 
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With ordinary fixtures there are only 
two methods of church lighting which rep- 
resent even an attempt to avoid the very 
objectionable feature of light shining in 
the eyes of the congregation. One method 
is to conceal the lamps behind architectural 
fedtures, such as beams and pillars in a 
way that the light will shine down and 
forward, but cannot shine backwards so as 
to fall on the eyes. The method is goou, 
but there are many churches or parts of 
churches where it cannot be done. Simply 
placing the lamps very high, while it is 
much better than having them low where 
they cannot be avoided by the eye, never- 
theless is open to serious objection. As 
long as artificial light can fall steadily for 
some time on the eyeball, no matter trom 
how high an angle, it will produce eye 
strain. The light must come from such an 
angle that the eyebrow shades the eyeball. 
This critical angle when a person is seated 
looking forward as in a church is about 25 
degrees from a_ perpendicular drawn 
through the eyeball. To light a church 
well from a hygienic standpoint, then, we 
must have no rays of light shining back- 
wards at an angle of more than 25 degrees 
from the perpendicular. The lighting must 
therefore be done by light shining down 
sidewise and forward toward the pulpit. 


—— 


NEW BOOKS 


Gas LIGHTING AND Gas Fittinc. By 

See in. Paul Gerhard =C. FE: Consult- 
ing Engineer for the Hydraulic and 
Sanitary Works, New York City. 
D. Van Nostrand Company, New 
York. 16 mo. Price, 50 cents. 


This is a new (3) edition of the 
book which first appeared in 1887. 
The purpose of the book, as stated by 
the author, is “chiefly for the instruc- 
tion of the gas consumer, the house- 
holder, but incidentally they will con- 
tain much information useful to those 
contemplating the building of a house, 
and to architects, builders, gas engi- 
neers and gas fitters, as well as sani- 
tary inspectors, enabling them to ac- 
quire a better knowledge as to how 
best to introduce, distribute and utilize 
gas and gas-lights in buildings.” 

Illuminating engineers have often, 
and probably with much justice, com- 
plained of the lack of knowledge and 
attention on the part of architects in 
laying out systems of electric lighting. 
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It is interesting to note that gas engi- 
neers have the same complaint to 
make, as is evidenced by the follow- 
ing (pp. 21-23): 


“It is, unfortunately, true that, as a rule, 
not much attention is paid by architects 
and builders in the erection of new build- 
ings to the means required for artificial 
lighting by gas. In the case of ordinary 
dwelling houses and stores the whole mat- 
ter of gas distribution is left to the gas- 
fitters, many of whom employ either in- 
competent, inexperienced or careless me- 
chanics, the architect concerning himself 
chiefly with the selection of ornamental gas 
fixtures wnich form a part of the interior 
house decoration. The details of gas-piping 
and gas fitting are seldom looked into, 
except in the case of large and important 
structures, such as churches, halls of audi- 
ence and theaters. 

“Wherever gas-light illumination is de- 
ficient, laymen are generally inclined to 
grumble about the gas-works, attributing 
the cause to the poor quality of the gas 
furnished by gas companies or to lack of 
pressure in the pipe system. There is, of 
course, occasionally good reason for the 
complaint that the gas supplied to the con- 
sumers falls far below the standard, but 
in the majority of cases the chief causes 
of bad illumination may be looked for in 
the gas apparatus of dwellings; in other 
words, in defective gas-fixtures, gas-burn- 
ers, gas-globes and gas-piping. 

“The general public is usually ignorant 
and indifferent about the subject. The gas 
companies, with few exceptions, do not 
keep the householder or gas consumer in- 
formed about the ‘mysteries’ of the sub- 
ject, although it would be to their inter- 
est, without doubt, to enlighten the public, 
and to help them in every way possible to 
get the maximum amount of light and il- 
lumination from the consumption of a 
given quantity of gas.” 


The writer then proceeds to point 
out some of the loose' practices that are 
in use, and the methods to be pursued 
in correcting them. The book is very 
clearly written, and treats in untechni- 
cal language of subjects with refer- 
ence to gas fitting, and gas lighting, 
so far as the usual production of light 
is concerned, with which the house- 
holder and builder should be acquaint- 
ed. The chapter on “How to read tlie 
index of the gas meter” is one with 
which every consumer should be fa- 
miliar. The book should be in the 
hands of every user of gas, as. well as 
the architect and gas-fitter. 
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FOREIGN ITEMS 


EXPERIMENTS WITH AUXILIARY 
APPARATUS TO ASCERTAIN THE 
MEAN SPHERIC AND THE MEAN 
HEMISPHERIC LIGHT INTEN- 
SULLY. 

(Continued.) 
By BertHotp MonasH. 

Electrotechnische Zeitschrift, July 26, 1906. 

MEASUREMENTS. 


Arc lamps seem to be wholly unsuitable 
for calibration tests of integrators, even 
though the conditions for axial symmetry 
by a perpendicular arrangement of the car- 
bons and keeping the arc in the center are 
fully complied with. Incandescent lamps 
are more suitable, since their intensity does 
not change every few minutes, as the case 
of arc lamps, and since they have not so 
much outside influence on the value of the 
light intensity. Incandescent lamps in a 
spherical globe that has been frosted by 
sand blasting appear to be better for such 
tests than those with a clear glass, pear- 
shaped bulb used by Ulbricht and Bloch. 
There is a danger in the latter case in 
plotting the curve of distribution from 
which to find the mean spherical intensity, 
to measure also reflections of light, espe- 
cially if the measurements are taken in a 
photometer room, the black walls of which 
act in certain positions of the lamp like a 
mirror coating on the clear glass globe. 
But such reflections do not occur in the 
Ulbricht globe. 

For the tests of the globes and hemi- 
spheres used in the following experiments 
carbon filament incandescent lamps with 
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frosted glass globes were used. By a pre- 
vious photometric investigation the mean 
hemispherical and mean spherical intensi- 
ties of these lamps were found by plottiag 
the curve of distribution by dots, it was 
also found that the distribution of all the 
lamps was axially symmetric. 

The curve of distribution in a vertical 
plane for lamp III is given in figure I. 
Curves of distribution of the other lamps 
show the same kind of curve. 

For the measurements of intensities of 
the sources of light within the globes and 
hemispheres a Weber photometer fitted 
with a Lummer-Brodhun screen was 
chosen. There are two methods of making 
the measurements: either the illuminating 
of the opalescent glass window in the sur- 
face of the globe may be found by fasten- 
ing the photometer to the window in such 
a way that the latter takes the place of 
the opalescent glass plate used in the well- 
known Weber’s process for measuring illu- 
mination; or the photometer may be placed 
at a greater distance from the window 
of the globe, and its illumination found at 
a different distance from the photometer, 
assuming, as may be correctly done in the 
case of large globes with a small window, 
that the window is a plane having an 
equally distributed illumination. 

By using the first method the illumination 
E of the window is: 


{Dineen Or hatauantcb.a 
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r 
in which r is the setting on the photometer 
scale in centimeters, and C the constant 
of the window. If Jo is the spheri¢al in- 
tensity of the source of light in the globe 
to be investigated, then 
| ES Sp ee Jo 
in which Kb is the constant of the globe. 
Kb, therefore, is equal to Jo. If, in the 
E 
second method, the distance from the win- 
dow to the photometer is R centimeters 
then the intensity of the window is 
Ji Re Ce HK an wiich-G 1s thescon- 


‘gee 


stant of the opalescent plate in the pho- 
tometer screen. Then Jf Kv) a6 
and the constant of the globe Kf. 
f=: Jo 
ee 
The value for the constant of the globe 
is different in the second method from 
what it is in the first, since, in measuring 
the intensity, the light passes through the 
window and the absorption of the glass 
must be considered in the constant of the 
globe. 
It is better to measure the illumination 
on the inside of the window in the case of 
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sources of light that are relatively weak, 
while the measurement of the intensity 
of illumination of the window is best for 
strong light sources. In choosing the 
‘method it is the best to be guided by the 
power of the secondary standard used in 
the Weber photometer, and by the char- 
eee of the opalescent glass plates avail- 
able. 

On account of the difference in the hu- 
man eye two observers took the readings 
in each position from which the mean was 
derived. 


GLOBE WITH A DIAMETER OF TWO METERS. 


For ascertaining the constant of the 
globe incandescent lamp I-4 were success- 
ively suspended in the center, and the illu- 
mination by indirect light of one of the 
observation windows (20 degrees above 
the horizontal plane) was measured. The 
constant C of the opalescent glass plate 
was 2.20. 


The constant of the globe Kb was found 


to be 0.1165. For finding it by means of 
the incandescent lamps I-4 a circular open- 
ing of 5cm. diameter was made in the cover 
closing the upper opening of the globe, 
which is white inside so as to give a diffuse 
reflection, for admitting the lead wires. 
The mounting was the same for all the 
lamps. It will be seen from the agreement 
of the 4 values for the constant Kb of the 
different lamps, that the different dimen- 
sions of the sources of light within the 
limits investigated have no influence on 
the value of the constant of the globe. To 
find the error that occurs when another 
observation opening is chosen incandescent 
lamp III was left in the center of the globe 
and the photometer was fastened to all the 
windows in turn along a meridian. The 
mean value for “r” has been taken from a 
larger number of readings bv two observ- 
ers. The greatest deviations from the 
mean value of r in the adjustment at the 
photometer are given in per cent. of the 
mean value. It does not make any differ- 
ence which of the observation windows is 
chosen, but it is best to place the ob- 
server in a convenient position. 

In another test the error caused by the 
axial asymmetry of the Nernst lamp, 
model B, without globe, and with horizon- 
tal glowers, was ascertained. The_Nernst 
lamp was placed in the center of the globe. 
Each of the windows was measured once 
when so illuminated that the plane of the 
meridian of observation. The greatest de- 
viations coincided with the plane through 
the axis of the glowers was perpendicular 
to the plane of the meridian of observation. 
The greatest deviation from the calculated 
intensities of the spherical illumination 
from the constant of the globe Kb = 0.1165 
and the observed illumination were -++2 per 
cent. to I per cent. In this case the errors 
were positive sometimes in one, and some- 
times in the other position of the glowers 
relative to the meridian. Hence these de- 


viations from the real spherical intensity 
arise from errors in the reading and not 
from the axial assymmetry of the Nernst 
lamp. 

A further test showed no deviation in 
the spherical intensity larger than I per 
cent. in the different eccentric positions of 
lamp III of 10 cm. distance from the low- 
est point of the walls of the globe to 10 
cm. from the highest point of the walls. 
Hence, the eccentric arrangement of 
sources of light does not change the illu- 
mination of the observation window. If 
there is a change it is due to the different 
effects of the lamp mechanisms in the dif- 
ferent eccentric positions. The cover on 
top that closes the globe has a diameter of 
50 cm. If the cover is taken off, as is re- 
quired, for instance, for the measurement 


_of the spherical intensities of light that are 


not point sources, a part of the diffused 
light that would be kept within the globe 
of the lamp were in the center, escapes 
through the opening; this cone of light is 
limited by an angle at the centre of 28 de- 
grees. The light that escapes through the 
opening represents a diminution of the il- 
lumination of the walls of the globe and 
causes the constant of the globe to in- 
crease. When, by an arrangement of the 
Nernst lamp without globe, and with hori- 
zontal glowers, in the center of the globe, 
the cover was removed, the constant was 
increased by 12 per cent. A weakening of 
illumination of the walls of the globe and 
consequently an increase of the constant 
of the globe also occurs by the absorp- 
tion of light by foreign bodies, such as the 
bodies of arc lamps. 

In order to investigate these conditions 
more closely one of the largest forms of 
arc lamps in use was examined in differ- 
ent positions in the globe. The arc lamp 
had carbons arranged perpendicularly one 
above the other, and was fitted with an 
oval globe. The total length of the rods 
was 0.68 m., height of globe 0.42 m., larg- 
est horizontal diameter of the globe 0.36 
m. The globe was of alabaster glass. For 
the observations in all these experiments 
the window 5 degrees below the horizontal 
plane was chosen. A Nernst lamp with 
horizontal glowers, the spherical intensity 
of which was known, and which was pres- 
ent in the globe, together with the arc 
lamp that was not lighted though provided 
with carbons, served as the standard source 
of light. Besides a flaming arc lamp was 
investigated, the length of the body of 
which was 0.94 m., with a globe of 0.25 m. 
diameter; the outside reflector used in ex- 
periment 15 had a diameter of 0.38 m. 


In all the measurements the same win- 
dow with the same opalescent glass plate 
was used, and a standard light of constant 
intensity. The constants of the globe re~ 
sulting from the different cases are there- 
fore squares of the adjustments of the pho- 
tometer. 
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In experiments 2 and 3 the large arc 
lamp is completely in the globe. This po- 
sition could be chosen if the spherical in- 
tensity was to be ascertained. (Experi- 
ment 2 with globe, experiment 3 bare.) 
It may be seen that by arranging the whole 
arc lamp with globe in the integrator that 
the constant was increased bv 32 per cent.; 
if the globe and casting is not used the 
increase of the constant is only II per cent. 
But since the illumination of the observa- 
tion window is practically independent of 
the position of the source of light in the 
integrator, but dependent on the size of 
the foreign bodies, it is best not to sus- 
pend all of the arc lamp within the in- 
tegrator. Bloch placed the point of lght 
about ro cm. below the highest point in the 
integrator for measurement of the spheri- 
cal intensity of bare arc lamps, and ob- 
tained for different kinds of lamps the 
same constant. Experiment 4 shows, in 
fact, that for arc lamps without globes the 
increase of the constant is only 2.6 per 
cent. (if we place the point of light suf- 
ficiently high to have the parts of the mech- 
anism that absorb most of the light out- 
side of the globe) ; this percentage of error 
lies within the limits that must be allowed 
for photometer measurements of arc lamps 
in practice. The arc lamp used in ex- 
periment 4 is about the most unfavorable 
case because it has the largest frame. The 
lamp was provided with carbons of 325 
mm. length and 20 mm. diameter. In the 
case of arc lamps with shorter frame and 
thinner carbons the increase of the con- 
stant is still smaller when so arranged that 
the point of light is 10 cm. below the cover. 
The conditions are about the same when 
no cover is used on the globe. If spheri- 
cal measurements are to be taken in the 
globe without the cover, the opening should 
lie in the shadow of the point of light. 


In the case of flaming arc lamps that 
have no lower rods, experiment shows that 
the increase in the constant of the globe is 
only 1.3 per cent., 1f the arc to be meas- 
ured is 10 cm. below the plane of the open- 
ing. By placing the point of light 20 cm. 
below the opening the increase of the con- 
stant is 5.5 per cent. 


Hence for measurements of the spherical 
intensity of bare arc lamps one constant 
is sufficient for the different kinds if the 
point of light is adjusted high enough 
(about 8-10 cm. below the highest point 
of the globe), because the resulting error 


is smaller than the errors that usually oc-— 


cur in photometering arc lamps. For in- 
stance, when the spherical intensity of an 
arc lamp is found by plotting from distri- 
bution. For measuring curves the spheri- 
cal intensity of arc lamps with globes, 
however, it is necessary in every special 
case to ascertain the constant anew; first, 
since arc lamps that send much light in 
the upper hemisphere have to let down 
pretty deeply in the globe, so that there 
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may be no loss of direct light when the 
plane of the opening is not covered, and 
much of the mechanism is brought in to 
the globe in this way; and second, because 
an arc lamp, the spherical intensity of 
which is to be ascertained in the condition 
in which they are to be used might influ- 
ence the constant in an opposite sense than 
that of light absorbing foreign bodies. For 
instance, a case in which the globe of a 
flaming arc lamp was covered by a straignt 
metal reflector, the lower surface of which 
was enameled white, shows a decrease of 
the constant (globe without cover) of 6 
per cent. The white part of the outside re- 
flector acted here like a part of the cover 
and reflected the light back into the globe. 

For measurements of hemispherical in- 
tensity which require that the point of light 
of bare arc lamps be placed in the plane 
of the circle of the opening, the largest 
error arising from the presence of the 
frame is so small that it is not necessary 
to ascertain the constant anew. 


For measurements of the hemispherical 
intensity of arc lamps with globes it is 
necessary to find, by the grease-spot proc- 
ess given by Ulbricht, the position of the 
globe in the opening. Since in the case 
of lamps with globes the rods are behind 
the globe, it is not necessary to determine 
the constant anew. 

The source of light must be exactly ad- 
justed in the circle of the opening, espe- 
cially for light sources of large dimen- 
sions. Bloch found an error of 12 per 
cent. in ascertaining the mean hemispheri- 
cal intensity of an incandescent lamp when 
the position of the lamp in the circle of the 
opening was changed by 10 mm. Using 
lamp III in an opening of 50 cm. diameter 
of a two-meter globe an error of I per 
cent. was detected in the hemispherical in- 
tensity when the incandescent lamp was 
moved I mm. 

If then, it is easier to find anew the con- 
stant of the globe in the presence of cer- 
tain mechanical parts in the globe it ap- 
pears that Ulbricht’s process of finding 
the constant by means of a tested incan- 
descent lamp is preferable to that of 
Bloch, who first finds the distribution ot 
the arc lamp outside of the globe by means 
of dots. In the experiments made by the 
author to test the globe by means of arc 
lamps with vertically arranged carbons of 
the best quality the distribution of which 
had been found by plotting of the curve of 
intensities there were differences in the 
spherical intensity of 10-12 per cent. when 
a given lamp was photometered several 
times, in spite of the fact that the condi- 
tions for the experiments were always the 
same. 

In using incandescent lamps for the test- 
ing of the globe in the presence of lamp 
mechanisms it is necessary to avoid direct 
rays of light on them. Ulbricht snecified. 
therefore, that the test-lamp be placed in 
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the lower part of the globe; he had the 
lamp protected from above and also toward 
the observation window by a small shade. 
In the experiment a Nernst lamp with hor1- 
zontal glowers without globe was arranged 
below the arc lamp. Such Nernst lamps 
send a very small flux of light into the 
upper hemisphere; in the measurements 
direct rays from the testing Nernst lamp 
reached the walls of the globe only, 
and not the mechanical parts. The latter 
absorbed only indirect light coming from 
the walls of the globe. 


COVERED SEMI-GLOBE, DIAMETER 2 M. 


The cover of the hemisphere had an 
opening of 2 cm. diameter for admitting 
the leading in wires. The cover had in- 
side the same white diffuse reflecting coat- 
ing as the walls of the hemisphere. Four 
incandescent lamps were used for testing 
of the hemisphere; their centers were 
placed 25 cm. below the cover. The pho- 
tometer was at the window 15 degrees be- 
low the horizontal plane. 

It is seen from this that the deviations 
from the mean value of the constant of the 
hemisphere found is not as much as I per 
cent. In order to try the effect of the 
covered hemisphere on axially asymmetric 
light sources, a Nernst lamp, Model B, with 
horizontal glowers, and without globe, was 
used. The glowers were 5 cm. below the 
cover and the center of the hemisphere. 
The distribution of light of the glowers 
is shown in Fig. 2. Curve 1 refers ty 
that position of the glowers in which their 
axis lies in the plane of the observation 
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meridian of the photometer, and curve 2 
when perpendicular. In plane 2 the Nernst 
lamp gives a maximum, in plane 1 a mini- 
mum intensity. A similar form of curve 
of distribution of horizontally arranged 
glowers (Nernst lamp) was found by 
Wedding (“Etz,” 1903, p. 442) and Lux 
(Zeitschrift fiir Beleuchtungswesen, 1905, 
pp. 35, 49). To find the spherical inten- 
sity of the Nernst glowers in the hemi- 


sphere, the position of the photometer was 
chosen at the window 15 degrees below the 
horizontal plane. The glowers were placed 
in the observation meridian (position 1 
they were then turned in position 2 for the 
same observation window, and were also 
measured in positions 1 and 2 for each of 
the other windows of the same globe. The 
largest observed deviations in the different 
positions was +1.77 —1.26 per cent. The 
deviations are of the same size as the de- 
viations in the different positions of the 
glowers, and of the different positions of 
the photometer in the Ulbricht globe of 
2-meter diameter, and are caused only by 
the readings on the photometer. 

In order to investigate the influence of 
the eccentric positions of the source of 
light in the hemisphere the Nernst lamp 
was let down from 20 to 20 cm. farther in. 
In a position of the point of light at a 
depth of 71 cm. below the cover of the 
globe the largest error was +2 per cent. 
In the other positions the errors were 
sometimes positive and sometimes negative. 

This investigation shows that in the cov- 
ered hemisphere also the illumination of 
the observation window by indirect light 
is practically independent of the position 
of the source of light, the observation win- 
dow used, and the form of curve of distri- 
bution of the light source. Hence, the 
covered hemisphere is equivalent in its ef- 
fect to the whole globe of the same diam- 
eter. It appears also that integrators may 
have forms geometrically different from 
globes and hemispheres if the total flux of 
light from the light source can be com- 
pletely encompassed in a hollow body that 
gives a complete diffuse reflection within. 


For practical application the covered 
hemisphere, especially with large diameter, 
otters certain advantages. Its cost of pro- 
duction is less than half of the whole globe 
of 2 m. diameter, as the upper half of such 
a globe has to have certain auxiliary ar- 
rangements. The upper half of the 
globe has a diameter of 2 meters and 
weighs about 100 kg. It can therefore not 
be lifted off by hand, but has to be sup- 
ported on runners in order to be moved 
aside for the purpose of cleaning. The 
2 m. globe is so high that the operator has 
to climb on top of it in order to adjust 
arc lamps above its center. In photometer 
rooms that are not very high it is difficult 
to insert long arc lamps, especially if the 
point of light is to be placed in the circle 
of the opening, or a few centimeters be- 
low it. 


But, if the hemisphere is used, one man 
standing on the floor can manage it. The 
cover may have any number of subdivisions, 
can be put on by hand, and arc lamps are 
easily adjusted. 

For measuring the hemispherical inten- 
sity of incandescent lamp No. 3 an area 
of 30 cm. diameter was left open in the 
cover of the hemisphere. In this case, too, 
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there was a large error of about I per.cent. 
if the incandescent lamp, after correct ad- 
justment of its center of luminosity, was 
moved by I mm. out of the position given 
in Ulbricht’s method. Hence it is neces- 
sary for measurements of lamps with 
globes to cut larger areas out of the cover. 
For that purpose it is best to have the 
cover composed of a number of concen- 
tric rings, of which the one best suited may 
be taken out. 


_—__—_— 


NOTES ON GLOW-LAMP STAND- 
ARDS AND GLOW-LAMP 
PHOTOMETRY 


BY: Js5s) Dow; BSc 


The Electrician (London), September 14, 
1900. 

The secondary standards of light now 
in general use are practically restricted to 
standard glow lamps and flame-standards, 
usually of the Methven screened type. It 
is generally considered preferable to use 
a flame standard, when testing gas lamps 
of any kind, and a glow-lamp standard 
when testing glow lamps. The variations 
in candle-power of flame standards and 
flames in general, due to the influence of 
water vapor and barometric pressure, are 
now known to be considerable, and it is 
probable that under the usual conditions 
of testing the effect of vitiation of the at- 
mosphere of the photometry room is quite 
as important. If a glow-lamp standard, 
which is presumably independent of atmos- 
pheric conditions, is used for testing gas 
lamps, all these causes of uncertainty 
would affect the gas lamps tested and not 
the glow lamp, while, if a gas standard is 
used, the influence of water vapor, etc., 
would affect both the standard and the 
lamp tested simultaneously, and will there- 
fore be less noticeable. At the same.time 
we have no right to assume that two differ- 
ent types of lamps such as a Methven 
standard and an _ incandescent mantle, 
would be affected in the same degree. If 
accurate results were wanted, probably the 
best plan in such a case would be to use an 
incandescent mantle as a temporary stand- 
ard, so that any atmospheric change affect- 
ed both standard and lamp tested in ex- 
actly the same way. 

Further, when a glow-lamp standard is 
used for testing gas lamps, the regulation 
of the P.D. to the necessary degree of ac- 
curacy is usually a difficulty. 

In the same way it is not advisable to 
use a secondary gas standard when testing 
glow lamps, for in this case all atmospheric 
changes will affect the standard and not 
the glow lamps, while if the standard glow 
lamp is used this difficulty is, of course, ab- 
sent. Moreover, if the standard glow 
lamp and the glow lamp to be tested are 
run in parallel off the same P.D. any 
change in the pressure affects both lamps 
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together, and hence it is quite sufficient if 
the P.D. is regulated to I or even 2 per cent. 

It is to be noted, however, that as a rule 
two glow lamps, even of a similar class, 
are not affected by a change of P.D. in ex- 
actly the same way, and hence the ratio of 
the candle-power of one to the other is 
distinctly affected by a change in the P.D. 
of 5 per cent. or so. 

For instance, Table I below shows the 
result of comparing two 100 volt nominally 
50 cp. glow lamps when run in parallel off 
several different P.D.’s. 


Table I.—Comparison of the 100-volt 50 cp. 


Glow Lamps. 
Pap. Lamp No. I 
(volts). Ratio of candle power; —————— 
Lamp No. 2 
87.4 0.767 
QI.2 0.778 
95.0 0.785 





A change of 1 per cent. in the P.D. would 
thus cause an error of something like 0.25 
per cent. in the determination of the can- 
dle-power. 

When we are comparing a Nernst, tanta- 
lum, or osmium lamp with a standard glow 
lamp, run in parallel with it off the same 
P.D., the exact regulation of this P.D. be- 
comes much more important. For, while 
the candle-power of the glow-lamp varies 
with about the seventh power of the P.D., 
the candle-power of tantalum and osmium 
lamps appear to vary with about the fourth 
and fifth power respectively, and the can- 
dle-power of the Nernst lamp, on account 
of the iron wire resistance in series with it, 
is practically independent of small varia- 
tions in the P.D. 

Table II shows the result of comparing 
a tantalum lamp with a standard glow 
lamp, run in parallel with it off the same 
P.D., for several values of the P.D. 





Table II.—Tantalum "amp compared with 
100 volt Glow Lamp. 


ence Tantalum lamp 


Pa : 

(volts). candle-power: Glow lamp 
QI.2 0.576 

95.0 0.530 

97.0 0.505 





Here a difference of I per cent. in the 
P.D. across the two lamps would make a 
difference of as much as 2.5 per cent. in 
the candle-power of the tantalum lamp. 

It will also nearly always be found that 
if two glow lamps—even two lamps having 
precisely the same type of filament—be 
compared at distances varying from I me- 
ter up to 3 meters, the results tend to 
gradually change as the distance increases. 
Below are the results of comparing an or- 
dinary 100 volt 8 cp. Robertson lamp 
against a similar 100 volt 16 cp. lamp, both 
having filaments of the usual type for low- 
voltage lamps, as distances varying from 
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1 to 2% meters. In the figure is shown the 
appearance of the filament looking down 
the photometrical bench towards the lamps. 
The lamps were therefore placed in the po- 
sition in which they are usually tested— 
i. e., the position in which the candle-power 
is a maximum. 


and calibrations of this instrument, with a 
potentiometer, over nearly six months 
agreed to within 1-16 per cent. ‘The re- 
flecting voltmeter now in use at the Na- 
tional Physical Laboratory enables meas- 
urements to be made which are well within 
the limits of photometrical observation. 


‘TABLE LLL 


16 c.p. lamp. 
Type of lamps compared. Distance between Ratio of C.P.; ——————— 
lamps. 8 c.p. lamp. 
Robertson 100 volt 8 c.p. 250 cm. 2.38 
and 16 c.p. lamps. 220% = 2.37 
2002 2.35 
170 2.33 
TAO. 234 
120% 2.33 
OOM 2.32 


In spite of every care in the centering of 
the lamps and the photometer, the writer 
has almost invariably found differences of 
this kind, and when the lamps are of quite 
different types, the differences may be very 
much greater. They are presumably due 
to the fact that the true center of illumina- 
tion rarely lies on the central axis of the 
lamp bulb from which we measure. For 
accurate work, therefore, it is desirable that 
a certain distance between the lamps com- 
pared should be generally agreed upon. 
Standard lamps should have filaments of 
the simple horseshoe type, lying entirely in 
one plane. In this case, when the plane 
of the filament is set perpendicular to the 
«bench, a slight turning of the lamp about a 
vertical axis only affects the candle-power 
very slightly, while the center of illumina- 
tion must lie within the plane of the fila- 
ment. 

When a glow-lamp standard is used to 
study the variations of a flame standard the 
P.D. must, of course, be very exactly 
known. Dr. Fleming, indeed, in 1902 
CProce. inst. of -Elec. «Png. 1902,*~Vol. 
XXXIL, p. 144) put on record his opinion 
that no voltmeter in exiscence was suffi- 
ciently accurate for this purpose, but there 
seems no reason why a reflecting volt- 
meter, constantly compared against a po- 
tentiometer, should not answer for all but 
very accurate investigations indeed. The 
writer, when working at the Central ‘Vech- 
nical College, used a reflecting electrostatic 
voltmeter with a very open scale in the 
neighborhood of 100 volts with satisfactory 
results. A change of I per cent. in the 
P.D. at this point corresponded to a divi- 
sion nearly %4 in. in length on the scale, 


As the P.D. across the standard lamp 
must be known so exactly, contact resist- 
ances in the lampholder may quite possibly 
give trouble, especially if the resistance of 
the lamp is low. For this reason screw- 
holders are preferable to those of the bay- 
onet type. At the Reichsandstalt the re- 
sults of contact troubles are entirely avoid- 
ed by measuring the current through the 
lamp instead of the P.D. across it. This 
method has also the incidental advantage 
that the candle-power of the lamp is pro- 
portional to a lower power of the current 
than the P.D., and hence the former need 
not be known so exactly. It has also ad- 
vantages which will be referred to shortly. 

All glow lamps appear to be more or less 
subject to the “hysteresis effect.” If the 
P.D. across a lamp be maintained for a 
short time at a higher value than that at 
which the lamp is normally run, both the 
current and the candle-power are usually 
perceptibly higher than before, when the 
P.D. is brought down again to the usual 
value. Table IV shows the effect in the 
case of two new ordinary 100 volt 16 cp. 
lamps, taken at random, of the Robertson 
and Sunbeam makes respectively. The 
lamps were tested at 95 volts. They were 
run at ‘110 volts for three minutes and 
again tested at 95 volts, then at 120 volts 
for three minutes and again tested at 95 
volts, and finally at 130 volts for three min- 
utes and then again tested at 95 volts. 

The effect seems perceptible even when 
the lamps had only been run at 110 volts, 
and the writer has usually found that over- 
running a lamp by only Io per cent. for 10 
minutes or so produces a distinct effect. 
As a rule the increase in candle-power at u 





TABLE (LV. 
Before over- After overrunning. 
Type of running. At 110 volts, At 120 volts, At 130 volts, 
lamp. for 3 min. for 3 min. for 3 min. 
At 95 volts. at 95 volts. at 95 volts. at 95 volts. 


Current. CP. Current. 
Sunbeam...... 0.535 9.48 0.535 
Robertson..... 0.543 9.70 0.544 


CaP; 4. Cutrentes-G, Pi. 4, Current: C.P: 
9.53 0.538 9.68 0.542 10.00 
9.72 0.545 9.70 0.550 9.97 
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given P.D. seems to be caused mainly by a 
temporary decrease in the resistance of the 
lamp, and consequent greater power con- 
sumption. But in some cases there seemed 
to be a small change in candle-power with- 
out any noticeable change in current, show- 
ing that the efficiency of the lamp had been 
increased, for the time being, by overrun- 
ning. But if the current through a stand- 
ard lamp, instead of the P.D. across its ter- 
minals, is always maintained at a constant 
value, the increase in candle-power caused 
by slightly overrunning the lamp will be, 
to a great extent, avoided. Nevertheless it 
is desirable that the P.D. across a standard 
lamp should never be carried above that at 
which the lamp is normally used. 

As a rule, when left alone, the lamp 
tends to gradually return to its former 
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State, the time of recovery depending on 
the severity of the strain to which it 1s 
subjected. The behavior of two 100 volt 
50 cp. large bulb lamps, which were used 
as secondary standards, is shown in the 
figure. 

These two lamps were always used at a 
P.D. of 95 volts, but one day they were 
accidentally run at—probably—nearly twice 
this value for a few seconds. The fila- 
ments, however, did not give way,‘and the 
lamps were immediately retested, when it 
was found that their candle-powers had 
increased by about 41%4 and 7 per cent. re- 
spectively. A record was kept of the can- 
dle-powers of these for about a month af- 
terwards. They were run at 95 volts, and 
were always compared, in exactly the same 
position, with the same standard. The 
gradual fall of candle-power during the 
month showed that the lamps were gradu- 
ally returning to their original state, but 
at the end of the month they were still 
about 2.2 and 4.2 per cent. respectively 
above their former values. It should be 
explained that the small length of time 
during which the lamps were in use, and 
the low efficiency at which they were run, 
showed that this change could not be ac- 
counted for by the natural ageing of the 
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lamps. Previously to the accident, the 
lamps had been used in the same way for 
about two months without any distinct fall 
in candle-power being noticed. 

This recovery of lamps is of interest in 
that it may affect the question of the age- 
ing of the standard lamps before use. The 
candle-power of most glow-lamps changes — 
very rapidly for a short time at the com- 
mencement of their lives, and it is custom- 
ary to age standard lamps by running them 
for 50 to 100 hours or so, at their pre- 
scribed voltage, or slightly above it, in or- 
der that this change may be complete be- 
fore they are put into use. It seems pos- 
sible, however, that in so doing a strain 
may be put upon the filament, resulting in 
a subsequent slow recovery and gradual 
fall of candle-power. The lamps, therefore, 
Should be allowed to rest for some time 
after the “ageing,” in order to reach a 
steady state. 


There is one other possible source of un- 
certainty connected with standard glow 
lamps to which reference should be made. 
In the discussion of Dr. Fleming’s Paper, 
in 1902, Mr. J. T. Morris (Proc. of Inst. of 
Elec. Eng. ref. cit.) drew attention to the 
variation in candle-power of a glow lamp 
owing to changes in the temperature of the 
photometer room. He found that a change 
in temperature of 9°C. produced a change 
of I per cent. in the candle-power of the 
glow lamp. At the Central Technical Col- 
lege the temperature of the photometer 
room varied about 12°C. from the begin- 
ning of February till August in the present™ 
year, and according to the above figures 
this would produce quite sufficient effect 
to be worth taking account of in a standard 
lamp. 

It seems likely that the study of some of 
the newer metallic filament lamps may lead 
to a greatly improved incandescent stand- 
ard. The tantalum lamp, for instance, has 
the advantage that the candle-power is only 
proportional to about the fourth power of 
the P.D. across the lamp, while it seems 
likely that at low efficiencies its life would 
be distinctly better than that of glow lamps. 
On the other hand, the difficulty of pro- 
ducing such lamps for high voltages would 
be of little importance in the case of a 
laboratory standard. 

Dr. Kuzel’s metallic filament lamps 
(Electrician, February 9 and March QO, 
1906), so far as may be judged from the in- 
formation which has at present been pub- 
lished about them, might also prove valu- 
able. The fall of candle-power with use at 
moderate efficiencies is said to be very 
much less than with carbon filament lamps, 
and, from the fact that the lamps are said 
to be very little affected by being overrun 
even 300 per cent., one would suppose that 
“hysteresis effects” would be inconsider- 
able, and that such a standard would not 
easily be damaged by incautious regulation 
of the P.D. 
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Miscellaneous News 


COLUMBUS, O.—The city council will 
authorize the employment of a recognized 
expert in electrical light plant matters to 
come to Columbus and investigate the lo- 
cal light plant and the city generally to see 
if the city can profitably engage in com- 
mercial lighting. Pending that informa- 
tion, the council will not issue any bonds 
for installing auaitional machinery asked for 
by the service board. The Columbus mu- 
nicipal lighting plant has already eaten up 
a fortune and has proved a failure. The 
managers have made another demand for 
money, this time for $140,000, but the city 
council has not had the temeritv to ask 
the people to sanction another bond issue. 
The investment in the lighting plant with- 
in a few years has grown from $63,000 to 
nearly half a million, and more money is 
needed. A short time ago, when $100,000 
was put into the plant, it was promised 
that the concern would be the finest in 
the country. Director of Public Service 
Lied said that if more money is not forth- 
coming at once the plant will be thrown 
out of business and the $500,000 lost. He 
says the present plant is wholly inadequate. 
The city is paying private electric light 
companies $200 a night to light the streets 
i the municipal plant cannot take care 
O 


FORT SCOTT, KAN.—For some time 
the people of the city have been anxious 
to know just where “they are at” regard- 
ing the proposed electric lighting plant in 
connection with the operation of the water- 
works plant. The consulting engineers 
from Kansas City, who were employed to 
present an estimate of the cost of the same, 
have been working on the matter for sev- 
eral weeks and will be ready to report at 
the next regular meeting of the council. 
The report will embody two kinds of lights 
—straight arcs and incandescent arcs. The 
latter will simply be for the residence dis- 
trict if adopted, while in any event straight 
arcs will be used in the business district. 
But there will be more of them. 


FORT. SMITH, KAN.—Mrs. - Fannie 
Cohn has applied to the council for a fran- 
chise to construct and operate an electric 
light plant in the city of Fort Smith, and 
an ordinance has been introduced in coun- 
cil to that effect. The ordinance specifies 
that the work upon the construction of the 
plant and system shall begin within six 
months from the date of passage of the 
ordinance and be completed before Janu- 
ary I, 1908. 

GRAVETTE, ARK.—Capitalists of Car- 
thage, Mo., are making arrangements to 
establish an electric lighting plant at Gra- 
vette. Many of the business men of Gra- 
vette have signed an agreement to take 
lights from the company. A proposition is 


before the county to grant a franchise to 
the company to operate the lighting plant. 


JOPLIN, MO.—For some time there has 
been a feeling of dissatisfaction among the 
members of the city council because of a 
lack of dividends from the city electric 
light plant. ‘Lhe cause of this is claimed 
to be the lowering of rates bv other com- 
Panics at eis) citys It 1s said thatthe 
other companies have so cut rates in com- 
petition with the city plant that the prices 
are entirely too low for the city to make 
anything out of the investment. 


LONG BEACH, CAL.—The city trus- 
tees are investigating the proposition to 
establish a municipal lighting plant. Data 
has been asked for from different sources 
and it is not thought improbable that the 
matter will be acted upon in the near fu- 
ture. 


LORAIN, O.—Dissatisfied with the light- 
ing service of the local illuminating com- 
pany, a private corporation, the Board of 
Public Service is contemplating the estab- 
lishment of a municipal lighting plant. The 
local concern furnishes both gas and elec- 
tricity, and the board members say that the 
lights are often so dim that they are of 
little use. The service board has dis- 
cussed the municipal ownership project at 
a meeting, and may proceed with more 
positive action. 


LOS ANGELES, CAL.—The discovery 
has been made by the board of public 
works that a saving of $30,000 a year can 
be effected in the lighting of Broadway, 
Spring, Main and Hill streets. When the 
ornamental lights were first installed on 
Broadway a certain amount of electric en- 
ergy was contracted for. Later the amount 
was reduced tohalf without affecting the 
lights. On spring street the lamps are 
now burning the original amount of energy 
twice the amount being burned on Broad- 
way, and there is no perceptible difference. 
After January Ist the Spring street energy ~ 
is to be reduced. 


MT. VERNON, N. Y.—Mayor Edward 
F. Brush filed with the commission of gas 
and electricity a complaint against the 
Westchester Lighting Co., alleging that un- 
der the terms of a contract with the city, 
the Westchester company agrees to sup- 
ply electric arc lights of 1,200 candle-power, 
Welsbach lights of 60 candle-power and 
open-flame gas lights of 22 candle-power ; 
that the city has had tests made of such 
lights under the most favorable conditions 
and that the highest candle-power of any 
of the arc lights did not exceed 180 and 
many of them 75; that the candle-power 
of the Welsbach lights did not exceed 20 
and that the candle-power of the open- 
flame lamps fell as low as 4 and 5. The 
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complaint sets forth that the residents of 
the city are compelled to pay for electric 
current for lighting purposes at the rate ot 
20 cents per kilowatt-hour, while directly 
across the street, dividing the city of Mt. 
Vernon from the Borough of the Bronx, 
in a much more sparsely settled commu- 
nity, the company supplies such current for 
Io cents per kilowatt- hour. The mayor 
believes this charge to be ‘ ‘exorbitant, eX- 
cessive, unjust and oppressive.” The illu- 
minating power, purity, pressure and price 
of gas is also complained of and the com- 
mission is asked to, hold an investigation. 


NEW YORK CITY.—John C. Sheehan 


and his associates are working on a project 


for establishing a system of power houses 
for supplying electric current for light and 
power purposes in competition with the 
New York Edison Co. To a reporter of a 
city paper, Mr. Sheehan said: “We are go- 
ing at this thing in an entirely new way. 
We do not believe that the whole lighting 
and power plant of a city as great as this, 
should be in the hands of one corporation, 
or that it should rest upon tne security of 
one power house. If anything should hap- 
pen to that power house, practically the 
whole city would be thrown in darkness. 
We are going to have the power subdivided 
to such an extent that any accident to one 
of our power houses will not jeopardize 
the city’s lighting as a whole. We expect 
to sound the death knell of gas as an illu- 
- minant.” 


NEW YORK (BoroucH or Brooktyn). 
—The Queens Borough Gas and Electric 
Company, which supplies light to residents 
of Belle Harbor, Rockaway Park, Rock- 
away Beach, Arverne, Edgemere, Faz 
Rockaway, Lawrence, Cedarhurst and 
Woodmere, and as far east as Lynbrook, 
has announced that on November 15th next 
it will reduce the rates for electricity 25 
per cent. At present consumers are pay- 
ing 20 cents per 1,000 watts for electricity, 
but when the new rate goes into ettect the 
charge will be 15 cents per I,000. 


ORANGE, N. J.—The Orange Common 
Council has practically decided to receive 
bids for a municipal lighting plant on Oc- 
tober 25. A form of proposal was consid- 
ered calling for bids for three engines and 
electric generators, switchboard, poles, 
wires and equipment for 350 arc lights. 


OSWEGO, N. Y.—The State commis- 
sion of gas and electricity has granted the 
application of the Citizens’ Lighting Co. 
of Oswego for authority to transact busi- 
ness and to issue $75,000 in stock. The 
conditions are that work be commenced 


before November 30th and only $50,000 of 


the capital be.used in construction. 


PASADENA, CAL.—Pasadena is meet- 
ing with all sorts of trouble in its efforts 
to establish a municipal lighting plant. 
Bonds for $125,000 were voted some 
months ago, but their issuance was en. 
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joined by the Edison Company. Then the 
city council decided to build a plant from 
the current revenue of this year, figuring 
that they could squeeze out $52,000 for that 
purpose. And now they are threatened 
with an injunction suit, if they attempt to 
do this. 


SCHENECTADY, N. Y.—The com- 
mittee of the Business Men’s_ Asso- 
ciation appointed. .to make an © in- 
vestigation into the matter of cheaper 
electric lights, has carefully investigated 
the prices charged for electricity in vari- 
ous cities and has secured a report from 
Frank C. Perkins, eminent engineer ot 
Buffalo,-who after an investigation of the 
conditions says that electricity for lighting 
purposes in this city should not cost over 
714 cents per kilowatt-hour and the cost for 
arc lights for street lighting should not 
cost over $50 per year per lamp. ‘These 
facts were presented by the committee to 
Hinsdill Parsons, president of the Sche- 
nectady Illuminating Company, who said 
that for some time the companv had been 
considering a revision of the schedule of 
prices of electricity for both private and 
street lighting and spoke favorably of 3 
substantial reduction in the near future. 
The illuminating company is now prepar- 
ing a schedule of reduced rates. 


SAN FRANCISCO, CAL—The San 
Francisco Gas and Electric Company has 
issued notices to its consumers of a modifi- 
cation of the rates for both gas and elec- 
tricity, the new schedule taking effect the 
Ist of the current month. The company 
makes a reduction below the established 
municipal rate in both gas and electricity 
in certain quantities. On gas, with a 
monthly consumption of 10,000 cubic feet 
or less, the rate is 85 cents per 1,000; over 
10,000 and less than 20,000, 80 cents; over 
20,000 and less than 30,000, 75 cents; over 
30,000 and less than 40,000, 70 cents; over 
40,000 and less than 75,000, 65 cents; over 
75,000, 60 cents. On electric lights the mu- 
nicipal fixed rate is 9 cents to 5.4 cents, 
according. to consumption, per 16-candle- 
power lam, equivalent per month, for in- 
stalled load; then, according to gross 
quantity used, as follows: Upon the month- 
ly consumption of: For 375 to 649 kilowatt- 
hours, 5% cents per kilowatt-hour; from 
650 to 924, 5 cents; from 925 to 1,190, 434 
cents; from 1,200 to 1,474, 4% cents; from 
1,475 to 1,470, 4% cents; from 1,750 or 
over, 4.cents. 


WOODBURY, PA.—On November 6th 
the voters of this city will vote on the 
question whether or not the city shall “con- 
struct, maintain and operate a municipal 
light, heat and power plant.” The Public 
Service Corporation is now furnishing the 
city with light, and owns an unused plant 
here. The question of buying this will 
come up later, if the vote is favorable to 
the. new move. 


The 
Illuminating Engineer 
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Public Lighting in Boston 


Bo be DaAGines: 





TREMONT STREET OPPOSITE COMMON, LOOKING TOWARD BOYLSTON. 


Boston is a thoroughly well lighted 
city. This is its peculiarity—electric- 
ally. Unlike New York it has no 
single and lonely band of light run- 
ning diagonally across the middle of a 
scant night. But on every street an 
unusually complete, full proportioned 
illumination prevails. Such a condi- 


tion accords with the comfortable 
contentment of the average Bostonian. 

Striking features in electric illu- 
mination, however, abound. Tremont 
and Boylston streets, skirting the 
Common which gives a magnificent 
frontage for their fine stores and 
theaters and the aristocratic Touraine 
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TREMONT ROW, ONE SIDE OF SCOLLAY SQUARE. 


‘hotel at the corner, form a striking 
‘scene at night, while the spectator 
need but turn half around to get an 
inspiring view of the classic State 
House dome shedding a golden glow 
‘over Beacon Hill. 


Just a block away runs the winding 
thread of Washington street, known 
the world over as Boston’s shopping 
street. Our ancestors were altogether 
too ““skimpy” about the width of their 
cow paths or this one might have been 
the original “White Way.” Tremont 
row, Hanover street, parts of Sum- 
mer street, and the broad avenues of 
the Back Bay section are surprising 
in the ingenious and abundant devices 
adapted to advertising purposes. 


The shining State House dome is 
probably the most striking piece of 
electric illumination on the New Eng- 
land coast. For some months it has 
not been illuminated, while a_ fresh 
layer of gold leaf is being spread over 


its surface, but when the many lights 
are turned on the solid brilliancy can 
be seen from miles away. From in- 
land it appears like the full moon ris- 
ing behind trees and hedges, retreat- 
ing and approaching in hide-and-seek 
fashion. From the distant harbor the 
view is wonderfully impressive. In 
midsummer, when the myriad lights 
of the shore resorts and the fantastic 
outlines of electric threads strung 
over the buildings in Wonderland— 
Boston’s Coney Island—give one au 
impression that life on the Massachu- 
setts shore is a continual holiday, the 
solid light reflected from the central 
dome is the feature of the scene com- 
pelling attention. 

The illustration on the cover is 
reproduced from a photograph taken 
at 10 o'clock on a recent winter night. 
Pleasure seekers were not thronging 
the Common on that frosty night but 
the scene was one never to be for- 
gotten. 
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HANOVER STREET, A THOROUGHFARE TO THE NORTH END. 


The views reproduced with this 
sketch show the typical and most fa- 
miliar sections of Boston where elec- 
tric lighting has been skilfully ap- 
plied for combined decorative and ad- 
vertising purposes. The word decor- 
ative is used advisedly, for you must 
know that the dominant sentiment in 
Boston is opposed to the big glaring 
sign and every attempt to put one up 
in any place sufficiently public to 
make the advertising of any value is 
fought and thwarted if there is any 
power on earth or in the Massachu- 
setts statute books to do it. So, the 
problem in Boston is to get a sign 
or other device that will attract at- 
tention and at the same time be in- 
conspicuous or at least not too jar- 
ring. Try it. For possibilities “How 
old is Ann” isn’t in it. 

The photographic work for these il- 
lustrations was done by one of the 
corps of photographers of the Edison 
Electric Illuminating Company of 


Boston. The average exposure for 
each plate was 12 minutes, though a 
much longer time was taken at each 
setting up of the camera, owing to the 
necessity for covering the lens when 
automobiles and street cars were pass- 
ing. 

The view on Tremont street is 
looking in a southerly direction down 
the street toward the Touraine hotel. 
The brilliant illumination of Keith’s 
theater produced with arc lights in 
opal globes, is the prominent feature. 
On either side are excellent examples 
of effective window lighting and the 
small but attractive signs in the mid- 
dle of the view call attention to sev- 
eral prominent stores. A little to the 
right of the center are the signs on 
the Tremont theater advertising 
“Madame Butterfly” as the attraction, 
while the sign of the Majestic theater 
is “seen in the. distance... The “Bud- 
weiser”’ sign topping a big building 
at the corner of Tremont and Boyls- 
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WASHINGTON. STREET, LOOKING SOUTH FROM MILK STREET, 


ton streets, shows up well in the pic- 
ture which gives some idea of its 
prominence as an advertising feature. 
The rental value of this location is 
understood to be in the neighborhood 
of $500 a month and its only com- 
petitor in expense and prominence is 
a “Peter’s Chocolate” sign which has 
been planted, directly opposite, across 
the Common, high up beside the Park 
church spire on the edge of Beacon 
hill. 

From the point at which this pic- 
ture was taken Tremont street runs 
northwest alongside the Common pas: 
St; Paul's: and> 2Park*Sclirches sand 
King’s . Chapel, between Tremont 
Temple and the big Tremont Building 
down to Scollay square. At this point 
the street becomes Tremont row and 
again gives up one side to the space 
allotted to the square, which, by the 
way is the usual triangle. Here one 
finds the most concentrated and bril- 
liant illumination in Boston. It is the 





playground of the working people. It 
is: also. the. “Four ‘Corners’ for the 
thousands of people from the swollen 
suburbs beyond the city coming and 
going through the North station, the 
East Boston tunnel and the ferries. 

All is hurly-burly, helter-skelter. 
The square is filled with street cars, 
cabs, wagons and people who must be 
caught and held if only for a few 
minutes. As a result bands are play- 
ing, horns tooting, fiddles wailing and 
freaks dancing while the electric 
lights are compressed into every con- 
ceivable pattern and variety of color 
to attract. The accompanying view 
shows the features in an amusement 
way. Austin & Stone’s museum con- 
taining “all the wonders of the earth,” 
the 1I-c. Automatic Vaudeville and 
the Theater Comique. Before these 
places crowds stand in line often for 
an hour at a time waiting a chance to 
buy tickets of admission. In the 
meantime the shopkeepers are busy. 


(gaa 


WASHINGTON 


The time is short. The crowd will be 
sone by 110 clock;~tfor all Boston 
goes 10 sleep, or at) least gets under 
cover at that hour. The many small 
but prosperous shops in the locality 
go in for electricity and all they can 
Ceo, em draws: crowds. to the 
shows why wouldn't it draw busi- 
ness? And it does. 

The view here shown was secured 
under difficult conditions. AT best 
only a few seconds of exposure could 
be etven before the cap went on to 
shut out the trolley cars. Then the 
glistening surface of a hack or the 
gloomy frame of a truck wagon 
would spread over the lens. Then the 
crowd began to gather to await the 
“explosion” which a knowing one 
who had probably had his picture 
taken by flash-light after a boxing 
bout jasserced “would “““come in a 
Milter See einally the ‘cop ‘appeared 
but he was good and waited until he 
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STREET, LOOKING SOUTH FROM HAYWARD PLACE TO BEACH STREET. 


saw a fresh plate go into the machine. 
He couldn’t rest longer. “Dhon’t bhe 
bhlocking up the sthreet; it’s made 
fur teems. Move long.” 

Another view shows Hanover 
street, the prominent retail business 
thoroughfare of the North End, run- 
ning from Scollay square northeast 
through Haymarket square to the 
East Boston ferry. This picture was 
taken at the Scollay square end of the 
street on a Saturday night. As in the 
other views the throngs of people fill- 
ing the sidewalks cut off much of the 
brilliancy of the show windows, but a 
good idea is given of the variety and 
extent of the sign advertising. The 
prominent signs are on clothing stores 
with the exception of Wilson’s, jewel- 
ler and optician, and Marston’s res- 
taurant. In the distance the big build- 
ing occupied by the Jaynes Drug 
Company is outlined in electric lights 
while the signs still further away call 
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SUMMER STREET, LOOKING SOUTH TOWARD SOUTH TERMINAL STATION FROM CHURCH GREEN. 


attention to ‘‘Cobb’s Groceries” and 
oT Gray -& Gor eroceris: = ihe 
light lines down the middle of the 
street were made by the headlights of 
an intruding automobile. 

The two pictures taken on Wash- 
ington street include the most fa- 
miliar sections from Milk street south 
to Beach street, the first including the 
Shuman Corner, Keith’s and the Bos- 
ton theater, which show in the dis- 
tant center of the plates. The sign 


lighting here is effective though 
somewhat scaitered. The Boston 
Tavern sign though not brilliant 


never fails to attract attention because 
of the shaded colors in the glass. In 
the vicinity of the Shuman Corner are 
a number of flaming arc lights which 
make the street as bright as day but 
do not improve the detail of the pic- 
ture. An interesting feature of the 
view are the lanterns placed along the 


torn-up street. ‘They shine in the pic- 
ture, of course, by reflected light. 

The second section of Washington 
street pictured herewith shows good 
results in sign lighting and the flam- 
ing arcs maintain the general lighting 
already seen in the upper portion of 
the street. The rows of lights on the 
Globe theater at Beach street are 
shown in the distance. The Ginter 
Grocery Co., has an unusually bril- 
liant lighting scheme. 

Another idea of illumination for 
advertising purposes is shown in the 
view down Summer street from 
Church Green towards the South ter- 
minal station. This street is jammed 
with “commuters” from 4:30 in the 
afternoon until about 7 o’clock in the 
evening. A little later the march into 
town is taken up by the “theater peo- 
ple.” For these and the crowds that 
go by in the street cars the merchants 
keep up a full illumination. 
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Plain Talks on Illuminating Engineering 


BY EE. -ELviorr. 


THE MEASUREMENT OF MEAN SPHERICAL CANDLE-POWER 


In expressing measurements of il- 
lumination it must be carefully borne 
in mind that multiples of the unit are 
formed by multiplying the standard 
light, and not the distance. For this 
reason, it is better to use the words in 
the order already given, with the term 
expressing the distance in the singu- 
lar, thus: one foot-candle, two foot- 
candles, etc. Efforts have been made 
to substitute this compound term with 
a single word, , (tix, but this. has 
not come into general use, and is 
not understood except by  profes- 
sional scientists, and not even gener- 
ally by them. 

The term “candle-power” is often 
used in such a manner as to give the 
impression, at least to the uninitiated, 
that it signifies a quantity of light. 
Thus, the rating of an arc lamp as 
““2,000-candle-power” naturally sug- 
gests that such a lamp gives 2,000 
times as much light as a candle! and 
such is undoubtedly the belief of the 
large majority of laymen, and not 
improbably also, of a considerable 
number of engineers and electricians. 
Or jai thewsaverage. Usct~ under- 
stands that, with ‘‘20-candle-power 
gas,’ the flame of an ordinary gas 
jet must give as great a quantity of 
light as 20 candles; but the term so 
used has no such meaning. Jeep in 
mind that the term ‘candle-power”’ 
when used without any additional 
qualifying word or term, always re- 
fers merely to the imtensity of light 
rays in some given direction, the 
horizontal direction being understood 
unless otherwise specified. | 

We have just seen that to express 
brightness, or intensity of illumina- 
tion, the word “foot,” or’ some other 
term expressing distance, is coupled 
with the word “candles.” To express 
a quantity of light the word “spheri- 
cal” is used in connection with the 


word “candle” or “candle-power”’ ; but 
in this case the meaning of the word 
‘candle’ depends upon theoretical or 
imaginary conditions. We may. de- 
scribe this theoretical “spherical 
candle” as a light-source giving out 
rays of a uniform intensity of one 
candle-power in every direction. As 
we stated early in this discussion, an 
actual light-source never gives out its 
light equally in all directions, and a 
candle flame comes very far from giv- 
Mo Out tS | tays.. .Umiiormly ;— the 
“spherical candle’’ is therefore a pure- 
ly imaginative light-source. 

This term, “mean spherical © candle- 
power,’ used to denote a quantity of 
light, is very commonly misunder- 
stood, and is somewhat difficult of ex- 
planation, by reason of the imaginary 
conditions upon which it is based, and 
the mathematics involved in deriving 
it; but as the term is much used, and 
of great importance, it is essential 
that its true meaning be clearly un- 
derstood. 

As in similar cases, the best way to 
arrive at a-general understanding of 
the problem will be by the study of 
a special case. Let us take that of the 
16 candle-power electric lamp, which 
we have already examined in regard 
to the measurement of its intensity in 
various directions. In the first place, 
conceive the spherical candle as a 
point source giving out rays of one 
candle-power intensity in every direc- 
tion. If such a source were placed in 
the center of a hollow sphere, it would 
illuminate the interior surface uni- 
formly at every point, with an inten- 
sity of illumination depending upon 
the radius of the sphere. If the 
sphere were one foot in radius, the 
surface would have a uniform illumi- 
nation of one foot-candle. Now 1im- 
agine the electric lamp in the center 
of this hollow sphere; it will ilumi- 
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nate the surface with different degrees 
of intensity at different points. Leav- 
ing out of account its variation in a 
horizontal plane for the sake of sim- 
plifying matters, the curve of distri- 
bution in the vertical plane will enable 
us to determine the intensity of illumi- 
nation on the different parts of the 
sphere. Thus, around the center, or 
equator, the intensity of the light is 
16 candle-power, and the intensity of 
illumination, therefore, 16 foot-can- 
dles. At 10 degrees above, and 10 
degrees below the horizontal the inten- 
sity is also '16 candle-power. The 
band, or zone, around the sphere ex- 
tending for 1o degrees each side of 
the equator, will therefore be illumi- 
nated with an intensity of 16 foot- 
candles. 

At 20 degrees above and below the 
horizontal, the intensity of the rays 
falls to 15% candle-power; the inten- 
sity of illumination on the zone _ be- 
tween 10 and 20 degrees will there- 
fore vary from 15% to 16  foot- 
candles. The average, or arithmetical 
mean of these extremes viz.: 1534 
foot-candles, may be used without 
sensible error. The average intensity 
of illumination on all the other zones 
of 10 degrees in width "may “ce 7de- 
termined in a similar manner. 

The question now is, if we could dis- 
tribute this particular quantity of light 
uniformly over the surface of this 
imaginary sphere, what would be the 
resulting intensity of ilumination? 
This uniform, or average intensity of 
illumination is the quantity known as 
mean spherical candle-power. If we 
were to actually thus redistribute the 
light, we would have to take some of 
the light from the surface near the 
equator and distribute it over the sur- 
face around the poles. It is evident 
at once that the surface of the zones 
of 10 degrees in width decreases rap- 
idly as we go from the equator toward 
the poles; it will, therefore require a 
proportionately less quantity of light to 
make a given increase in illumina- 
tion in the zones near the poles. Thus 
an average decrease of one candle- 


power intensity on the zone from the 
equator to 10 degrees below represents 
a quantity of light sufficient to illumi- 
nate the whole surface of that zone 
with an intensity of one foot-candle ; 
and it is plain that if this same quan- 
tity of light were concentrated upon 
the small surface comprising the zone 
extending 10 degrees around the pole, 
it would raise the intensity of illumi- 
nation much more than one _ foot- 
candle,—as much more as the surface 
of the .zone about the equator is 
larger than the surface of the zone 
about the pole: e. g., if the smaller 
zone had one-fifth the area of the 
larger one, the wdlumination would 
be thus increased five foot-candles, 
which would correspond to an increase 
of five candle-power in the average 
intensity of the rays falling on that 
surface. This shows how» great an 
error it would be to simply take an 
average of the candle-power intens- 
ities at the different angles to repre- 
sent the mean spherical candle-power, 
a mistake that is by no means uncom- 
mon. 

It will be well for the reader to go 
over this explanation carefully until 
the distinction between the terms 
intensity of light of rays, mtensity 
of wlumination, foot-candles, candle- 
power, and quantity of light, is thor- 
oughly understood. 

To -return, to our “example we cay 
thus divide up ‘the ~surtaces ot-1eum 
imaginary sphere: into: a7 mumberaen 
zones, and can find the average inten- 
sity of illumination .on each of these 
zones from the curve of distribution 
of the lamp. We could then actually 
calculate the areas of these Sseveral 
zones of a sphere of one foot radius, 
and by multiplying these values by 
the numbers expressing the corre- 
sponding average intensities of illum- 
ination we would obtain a number of 
products which would represent quan- 
tities of light since, as we stated at the 
beginning, quantity of light is pro- 
portional to the extent of surface and 
the intensity of illumination on it. 
The sum of these products, divided 
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FIG. 1.—MITEOD OF DRAWING THE ROUSSEAU CURVE FROM THE CURVE OF DISTRIBUTION. 


Dyeusticaetotal .suriace, «(i e., the 
sum of areas of the several zones) 
would then give an average in- 
tensity of light, which, falling wni- 
formly on the entire surface, would 
represent the same total quantity of 
light as given out by the actual lamp: 
i. e., the mean spherical candle-power. 

The simplest method of carrying 
out these calculations is by means of a 
diagram, generally called, from the 
name of its discoverer, the Rousseau 
curve. [he method is as: follows:— 

Taking the curve of distribution, 
draw the vertical line MN parallel to 
the vertical line of the distribution 
diagram. Then, from the points 
where the radial lines meet the outer 
Cinclege es, G2 etc. draw horizontal 
lines across and beyond the vertical 
line M-N. It can be proved by mathe- 
inaics es ance we. will take it for 
granted, that the distance between 
these horizontal lines on the vertical 
line M-N have the same_ relative 
values as the surfaces of the zones 
bounded by the corresponding angles; 
that is, the distance a-b is as niuch 
greater than the distance h-i as the 
surface of the zone between o degree 
and 10 degrees is greater than the 


zone between 30 degrees and 40 de- 
pices peti ticrelore «ewe. multiply 
these distances by the average in- 
tensities of light in the corresponding 
zones, we will have a number of pro- 
ducts representing units of light, from 
which we can determine the mean 
spherical candle-power in the manner 
described above. 

The area of a parallelogram is equal 
to the product of its height and 
length; if we then take the line a-b as 
one “side “of a’ parallelocram, ‘and, 
measuring off a distance of 16 units 
(representing the light intensity) 
along the line a-1, and use that as the 
other side, the area of the parallelo- 
gram a-1I-2-b will represent the product 
which denotes light-quantity, that is, 
the quantity of light falling upon the 
zone between o degrees and to de- 
grees. In the same manner we may 
construct the parallelogram b-3-4-c, 
having the side b-2 15 units long cor- 
responding to the average intensity 
in the zone between 10 degrees and 
20 degrees. The area of this parallelo- 
gram will represent the quantity of 
light falling on that zone; and in a 
similar manner we can construct a 
parallelogram for each zone. The 
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total area of these parallelograms will 
then represent the total quantity of 
light given out by the lamp. If we now 
draw a single parallelogram of the 
same total area, having a height M-N 
equal to the sum of the heights of 
the several parallelograms, the area 
of its surface must also represent the 
same total quantity of light. In order 
to obtain the length of the other side, 
M-P, of this parallelogram we need 
simply to divide the total area by the 
sum of the heights of the smaller 
parallelograms, that is, by the length 
of the line M-N, using the same units 
of measurement as we used in laying 
Olle +the noOtizontiale sdistancessa hic 
length of the side M-P then repre- 
sents the average light intensity neces- 
sary to illuminate uniformly the given 
surface, using the same total quantity 
of light; in other words, it represents 
the mean spherical candle-power. 


Instead of drawing the parallelo- 
grams and using the average intensi- 
ties for the length of the sides, it is 
customary to lay off along each hori- 
zontal line a distance from the vertical 
representing the candle-power in- 
tensity at that angle, and then draw 
a curved line through these — several 
points, as shown in Fig. 1. This is 
the curve referred to as the Rousseau 
curve. ‘To obtain the mean spherical 
candle-power it is then necessary to 
draw a parallelogram which shall have 
the same area of surface as that. in- 
cluded between the curve, the upper 
and lower horizontal line, and the 
vertical. This may be done by divid- 
ing up the surface into any convenient 
number of small parallelograms, and 
finding the sum of the several areas, 
as above described. A convenient way 
of doing this is to draw the curve on 
such a scale that the length of the 
vertical line is an even number of 
inches or centimeters, preferably the 
latter, and ‘then drawing horizontal 
lines at equal intervals, say of one 
inch or one centimeter. It is then 
sufficiently accurate to draw by the 
eye the side to complete the parallelo- 
gram in place of the curved side. 


Thus, in Fig. 1,inthe parallelogram A- 
B-C-D the line A-B is drawn so that 
the parallelogram will have the same 
surface as the figure A-E-F-D; and 
so on with the other parallelograms. 
If the paper on which the diagram is 
drawn has vertical rulings in inches 
and tenths, or centimeters and milli- 
meters, the calculations then become 
very simple. All that is necessary is 
to take the sum of the several hori- 
zontal sides, which can be at once 
counted up on the paper, and divide it 
by the number of parallelograms; the 
result will give the length of the side 
of the single equivalent parallelogram, 
1.e. the mean spherical candle-power 
sought. 


Attention may now be called to the 
fundamental difference between the | 
Rousseau curve and the curve of 
distribution. The former represents 
the relation between two variable 
quantities whose product it is desired 
to know, while the latter represents 
simply the variation of one quantity 
with another without regard to any 
other relation. In reading the former 
curve, and all others of its class, the 
area, the surface included in the figure 
is the thing to be considered; while 
in the “latter ) case = 1t> 4s) only athe 
distance of any given point on the 
curve from the center that is signifi- 
cant. The mistake is sometimes made 
bv the layman of assuming, which is 
rather natural, that the size of the 
surface bounded by the distribution 
curve indicates the relative value of 
the light-source; the comparison of 
this surface, however, with the surface 
included in the corresponding Rous- 
seau. curve will show how great an 
error’ this-1s) Such val crrOmusaatie 
cularly large in the case of reflectors 
giving a highly concentrated light 
underneath. As already pointed out, 
a, given intensity at ithe" pole. i.e 
directly underneath, represents a very 
much smaller quantity of light than 
the same intensity about the equator. 
The Rousseau curve is also useful in 
showing to the eye the relative total 
light-powers of different sources. 
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The Rousseau diagram is sometimes 
turned around in such a way as to be 
confusing, at least to those not fami- 
liar ewiths it by long use; thus it. is 
sometimes used reversed right and left 
from the position in which we have 
shown it, or turned into the horizontal 
position, that is, with the lines show- 
ing the intensities running up and 
down. These may appear minor and 
unimportant variations, but it would 
nevertheless be well if they were 
avoided. There is really no more 
necessity or logic in representing hori- 
zontal intensity by vertical distances 
in this case than there would be in so 
representing them in the distribution 
‘curve; and no one would think of such 
a practice in this case. 


In many cases the total amount of 
light given out above or below the 
horizontal is required, 1. e. the mean 
lower or upper hemispherical candle- 
power. This is readily obtained by 
taking the portion of the Rousseau 
diagram above or below the hori- 
zontal, and treating it in the same 
manner as described for the entire 
diagram. 

Within recent years a number of 
photometers have been devised which 
give the mean spherical candle-power 
of a light-source with a single read- 
ing. These are generally known under 
the name of “integrating photometers.” 
some of the latest forms of which 
have been previously described in 
THE ILLUMINATING ENGINEER. Such 
instruments are of necessity much 
larger and more complicated than the 
simple forms of photometers designed 
for measurement of light intensity 
only. 

“Intrinsic brilliancy” is the name 
given to a derived measurement which 
takes into consideration the intensity 
of light emitted in relation to the 
area Of juminous surface of the 
source, and is therefore expressed in 
candles per square inch, or centimeter. 
In this case “candles” or “candle- 
power’ means horizontal intensity. 


The relative brilliancies of the differ- 
ent commercial light-sources are given 
by Dr. Louis Bell as follows: 
Thesactual: measurement ot in- 
trinsic brilliancy seldom needs to be 
made, as it never enters as a numeri- 
cal factor in any calculations which 
the illuminating engineer is required 
to make. In a general way it indicates 
the extent to which a light produces 
what is commonly known as “glare,” 
a quality of light which it is highly 
important to consider, but which does 
not require mathematical treatment. 


INTRINSIC BRILLIANCIES IN CANDLE POWER 
PER SQUARE INCH. 


Source. Brilliancy. 

Sun in zenith 600,000 

Sun at 30 degrees elev. 500,000 

Sun on horizon 2,000 

Are light 10,000 to 100,000 
Calcium light 5,000 

Nernst “glower” 1,000 
Incandescent lamp 200-300 


Melting platinum 130 


Enclosed arc 75-100 

Acetylene flame 75-100 

Welsbach light 20°tO 25 
Kerosene light 4 to 8 
Candle 2°tor A 
Gas flame 2 tOLo 
Incandescent (frested) Does 
Opal shaded lamps, etc. 0.5 to 2 


The intensity of illumination of a 
surface is expressed, as before stated, 
in terms of the intensity produced on 
surface a given distance from a stan- 
dard light source, the surface being 
perpendicular to the rays. Knowing 
the intensity of light rays, it then be- 
comes a simple matter of applying the 
law of inverse squares to calculate the 
intensity of illumination upon a sur- 
face at any given distance. We have 
also called attention to the fact that, 
if the surface illuminated is at other 
than a right anglé to the rays, an ad- 
ditional calculation for this obliquity 
must be made. The exact mathemat- 
ical variation of intensity with the 
angle that the rays make with the sur- 
face can only be expressed by means 
of trigonometry. It is not necessary, 
however, to be able to solve the prob- 
lem mathematically in order to make 
use of the law. 
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Meters and Meter Reading 


By NorMAN MACBETH. 


A great deal of mystery surrounds 
the subject of electricity, and the 
measurement of electrical energy in 
the minds of consumers. Practically 
all are skeptical of meters and the 
manner of taking meter statements, 
or rather the results of meter state- 
ments as rendered to them by the 
electrical company on their monthly 
bills; and their experience very often 
serves to strengthen these ideas. A 
pro rata, or averaged bill, increasing 
the charge when the meter ts out of 
order, is remembered for a much 
longer time than an allowance on a 
fast meter, more especially as the con- 
sumer receives very few of thelatter, 
and is generally of the opinion that he 
has been put off. half way. 

With companies showing a_ dis- 
position to be fair and liberal, and con- 
sumers having a knowledge of the 
conditions, adjustments can be much 
more satisfactorily made than in a 
case which was recently brought to 
my notice, where a meter on being 
tested after six months use, was ac- 
knowledged to be 15% fast, the com- 
pany dismissing the inaccuracy with a 
statement that the meter last year was 
slow, and if the bill was not paid, the 
current would be cut off. 

While I have seen meters in service 
running from 50% to 80% fast, these 
high inaccuracies are unusual—quite 
as unusual as meters which have 
stopped, or ceased to register. From 
the company’s standpoint, of course, 
meters are invariably slow. I am sat- 
isfied, however, that carefully tabu- 
lated reports from an experience cover- 
ing a number of meters and a con- 
siderable period of time, with meters 
under different conditions of service, 
will show that a considerable propor- 
tion are frequently fast. 

Aside from the ability to read a 
meter, and decipher the calculations of 
the average electric bill, consumers 
should have the protection of a testing 


bureau of sufficient standing to give 
them confidence that the treatment ac- 
corded them will be impartial. While 
there is no intention to cast any reflec- 


tions on the honesty or capacity of 


the management of the companies, the 
fact remains that meter men, who have 
within a very short time tested a meter ~ 
and through carelessness left: ats 
bad condition, on further complaint 
are quite likely to cover their careless- 
ness with a report that the meter is. 
Qi 

I have heard statements from meter 
men to the effect that they can “throw” 
any meter test; that is to say, a meter 
which is incorrect can be tested by 
them in the presence of the consumer, 
and they can satisfy him that the meter 
is correct. Manipulation of a slide 
rule, a stop watch, or “known resist- 
ance’ in series with the standard test 
instruments make this easily possibie. 
I remember a case in a city where a 
government testing bureau was  es- 
tablished, a complaint test on a meter 
was reported O. K. by the inspector, 
who had adjusted same within two- 
months previous; this meter without 
further adjustment was three days 
later referred to this testing bureau 
which reported the same to be 7% 
fast. This inaccuracy was afterwards 
acknowledged by the Company, due 
apologies given and allowance made. 

In Canada the accuracy of electric 
meters is passed on by “duly qualified” 
government inspectors. Every meter 
is tested by an inspector, and sealed 
before same may be installed for use. 
Through the ignorance or connivance 
of certain inspectors many meters have 
been passed as being within one or 
two per cent, three per cent variation 
being allowed, when actually they 
were ten or twenty per cent fast. The 
error in placing a decimal point one 
place too far to the left, explains how 
this was done. This particular law 
does not work out very satisfactorily 
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for the consumer, as it prevents any 
one other than a ‘duly qualified” gov- 
ernment inspector from testing a meter 
with a penalty of $25.00 per meter. 
This really acts against the consumer 
as it is the company’s privilege to de- 
termine whether a meter will register 
on a two candle-power, four, eight, or 
sixteen candle-power lamp, and if not 
to their satisfaction the meter may be 
removed by them. Checks of this 
character, of course, would not show 
whether a meter was fast with twenty- 
five or thirty lamps on, nor do they 
come under the specifications of test. 

Among other irregularities they per- 
mit a meter to be in use five years be- 
fore a verification is required, and 
‘while it is possible to run gas or water 
meters five, and sometimes ten years, 
and find same to be within three or 
four per cent., such ideal conditions 
are absolutely unknown in electrical 
meter work where commutators, jew- 
els and permanent retarding magnets 
have to be reckoned with. [ew manu- 
facturers will claim any continued de- 
gree of accuracy for their meters un- 
der these conditions, and companies 
who understand the business seldom 
permit any meter to be out without a 
verification longer than one year, and 
for many customers the meters are 
checked up every three months, or 
oftener, if desired. 

In all fast meter adjustments the 
company should be compelled to re- 
bate the entire inaccuracy back to the 
time their last inspection was made. 
While it is quite possible that a meter 
that has been in one year, and is found 
to be 20% fast, has not been fast 
throughout the entire year, the fact 
that the company would have to re- 
bate the full period would keep them 
closer to their meters, with the result 
that meter departments would receive 
greater consideration, the meters 
tested oftener, the inaccuracies would 
consequently be very much less. 

It is not necessary that the consumer 
should have any particular knowledge 
of electrical terms, or be capable of 
going into higher mathematics beyond 


the appreciation of the fact that a 
meter which may be 10% slow on two 
sixteen candle-power lamps does not 
Oliser a. 1O%o fast condition, on: ftty 
sixteen candle-power lamps. On a ten 
cent rate, the first would show an un- 
dercharge of one-fifth cent per hour 
where the second would be an over- 


charge of two and one-half cents per 


hour. If the load of two lamps was 
carried for ten hours a day against 
fifty lamps ten hours a day, the pro- 
portion would be two cents under- 
charge to twenty-five cents overcharge 
per day, or a net addition of twenty- 
titree. cents. 

It is not fair to penalize the con- 
sumer for a slow meter, as he is in no 
wise responsible for its condition, and 
an estimated bill having the effect of 
increasing the charge 20% to cover a 
condition of 10% under registration 
during some period .of that month is 
not just. It may satisfy the electric 
company management, though they 
are not losing any money by the trans- 
action. 


I remember a case where, from the 
company’s figures of a test, the meter 
was shown to be approximately 5% 
slow on full load, and 19% slow at 
low load; the result of the averaged 
bill presented for payment would ne- 
cessiate the meter being 57% slow at 
average load. This condition, of 
course, is strictly according to the let- 
ter of this company’s rules and regu- 
lations as provided in their contracts, 
to the effect, that when meters are out 
of order, bills may be averaged by the 
company. Consumers are seldom asked 
to take a part in this averaging pro- 
cess, nor are they consulted as_ to 
whether the period in question was an 
average, a light, or an exceptionally 
heavy one. 

The object of this article is not to 
convince the consumer that his electric 
meter is not accurate, and is not capa- 
ble of showing a statement of the 
amount of current used each month, 
but rather to point out that his meter 
should be watched and the registra- 
tions looked after. 
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In all cases of short circuits in the 
house wiring, of sufficient duration to 
blow the fuses protecting the meter, 
notify your company and insist on a 
meter test. Wore tact = meters are 
caused by short circuits than perhaps 
any: other condition. 

All companies are not in the posi- 
tion of a small municipal plant, of 
which an amusing meter story was 
written a couple of years ago. One 
meter was known to be charging sev- 
eral times the correct amount, but 
the trustees could afford the consumer 
no “relief” “They had@e *methodt et 
charging other than by meter, and if 
they made a deduction on the bill, they 
were accused of looting the public 
treasury tor political “-etrect® = They, 
were unable to engage a meter man to 
make the necessary repairs, as there 
was no appropriation in the treasury 
for that purpose, and the comptroller, 
being a reformer, stated he would 
have them indicted for conspiracy if 
they used money belonging to any 
other item. 

The average consumer is quite as 
much qualified to read a meter as 
many electrical men not directly con- 
nected with meter work, and so far as 
the accuracy of a meter is concerned 
a rough check may be made by turn- 
ing on eighteen or twenty sixteen 
candle-power lamps for an hour and 
noting carefully the amount registered 
on the meter, which should equal ap- 
proximately 1,000 watt hours, or one 
kilowatt hour. 

Practically all of the meters in gen- 
eral use to-day are watt hour meters 
also frequently called integrating or 
recording watt meters. The dials reg- 
ister the use of electrical energy in 
watt hours, which term is defined elec- 
trically as a current of one ampere 
flowing under the pressure of one volt 
for one hour. Bills are ordinarily 
figured in thousand watt hours, or 
kilowatt hours, which is practically 
the result of eighteen to twenty six- 
teen candle-power lamps, depending 
on the efficiency of same, burning for 
one hour, or nine or ten lamps for two 


. dreds, and the next thousands. 


hours, etc. An electric meter is am 
electric motor, the speed of which de- 
pends on the amount of energy flow- 
ing through same as required for 
lamps or motors on a consumer’s ser- 
vice, and should not register when 
current devices are not in use. They 
will register, however, when over com- 
pensated or too finely adjusted to over- 
come the friction of the bearing. The 
shaft or armature of this motor is in 
an upright position, the top of same 
connecting with the gearing on the 
back of the meter dials. A very small 
force would cause the armature to: 
rotate very rapidly, and it is necessary 
to provide some means for governing 
the speed and the action of same. To 
accomplish this, permanent magnets 
are provided between the poles of 
which a disk, attached to the armature 
shaft, revolves. These magnets have 
a break effect on the disk, retarding 
its speed. 

Dials all register in tenths or tens,. 
the lowest reading pointer being the 
one on the extreme right, facing the 
meter. It will be seen that the ratio. 
of velocity in the neighboring point- 
ers is ten to one, the wheels of the 
shaft to the right gearing into the 
pinion of the shaft just to the left of 
it. This accounts for the alternate 
direction of rotation of the pointers. 
The value of one division on the first 
dial on the right is one-tenth, the next 
dial units, the next tens, the next hun- 
eine: 
value of these divisions, however, is 
placed by different manufacturers at 
various points. In some meters they 
are tenths, some units, or quarters,,. 
halves, or multiples of ten, as the case: 
may be, according to the constant or 
dial values as marked on the face of 
the dial. These values should be de- 
termined by a careful consideration: 
of the figures given above or below 
the dials and with reference to the 
illustrations following, it is hoped that 
a fair understanding may be secured. 
Each dial, you will note, is divided 
into ten divisions, one revolution of 
the pointer of any dial is equal to one: 
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division of the dial of next greater 
value. Dials are read in the order be- 
ginning with that having the lowest 
capacity, writing the result from right 
forlcie) ino ine reading of the dial 
shown in figure 1, the right-hand dial 
reads six, the second dial three, being 
practically six-tenths past three and 
will not be four until the first dial has 
reached naught. The third dial reads 
eight, being three-tenths of a division 
past eight. The fourth dial reads 
eight, being eight-tenths of a division 
past eight, this dial will not read nine 
until the previous dial reaches naught, 
which will not occur until the second 
dial has gone around practically one 
and six-tenths times, which will re- 
quire the first dial to go around over 
sixteen times. The last dial reads one, 
and can not be two until the next dial 
to the right reaches naught. 

Meter readings are cumulative and 
always represent total registration 
from the time the meter was started. 
To obtain registration for any given 
period, deduct reading at beginning of 
period from that at the end, multiply 
the result by the constant for watt 
hours, or place a decimal point if the 
lowest dial reads in tenths, tens, units 
or parts of units. 

Owing to the closeness of the ob- 
servation required, and the possibil- 


ity of error caused by the angle at 
which the observation is taken, it is 
necessary to read all. dials after the 
first in connection with the one of next 
lower value. For this reason meter 
readings should always begin at the 
right-hand dial. 

If a consumer is unable to get a 
clear understanding of his meter con- 
ditions from an electric company’s rep- 
resentative owing to the continuous 
flow of “volts—ampre—watts”’ talk, 
he should insist on the use of dollars 
and cents units with sufficiently plain 
American to make the explanation 
clear. There are remarkably few 1r- 
regular meter conditions which can- 
not be made plain to the average con- 
sumer. Too often for the good of the 
service complaint agents persist in 
getting the consumer into the deep 
waters of technical terms and _ elec- 
trical lore and drowning him. 

The consumer is, indeed, in a bad 
way, who believes that electrical ac- 
counting is an exact science, and elec- 
tric meters above suspicion. Learn to 
read your meter and devote the same 
proportion of time to this charge as 
is given to checking any merchandise 
bill of similar importance, and you 
will be amply repaid for the outlay. 


(To be Continued) 
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Daylight Illumination 


By-Pror. OO; HH. BASOUIN: 


In the semi-popular treatment of 
any subject—especially a scientific or 
technical one—it is generally worth 
while to spend some time in coming 
to a definite understanding as to the 
meaning of some of the words used 
and to the phenomena to which they 
reier. 

Light is everywhere recognized as 
the chief essential to the sensation of 
vision. So common and so widely 
used as light is, it is quite likely that 
we shall never be able to draw a clear 
picture of just what constitutes light. 
It is known to be a wave-motion in 
an unknown something called the 
ether. It roughly resembles the wave 
passing along the lash of a whip when 
it is snapped, in that the motion in the 
wave is at right angles to the direc- 
tion in which the wave as a whole is 
traveling. 

Of those waves which affect the eye, 
the short ones appear blue or violet, 
the long ones red, while those of inter- 
mediate length: arey. yellows. le 
shortest waves seen are roughly half 
the length of the longest visible. 

Still shorter waves are abundant 
and are studied by photography and 
the still more abundant longer waves 
are studied by their heat effects. 

hieht ise eenerally eprocuced mans, 
heating something to a high temper- 
ature; the higher the temperature, the 
brighter the light. In the gas flame 
the high temperature is ‘reached by 
combustion and the material heated 1s 
thought to be small particles of solid 
carbon, while in the incandescent 
lamp the solid filament is heated by 
the energy lost from an electric cur- 
rent passing through it. 

Daylight is generally thought of as 
something quite different from arti- 
ficial light, inasmuch as the heated 
source is commonly not apparent; in- 
deed its immediate source attracts so 
little attention that one may be quite 


in doubt as to where it comes from. 
Daylight is that natural light which 
begins somewhat before sunrise each 
day and continues present everywhere 
in unconfined spaces until some time 
after sunset. Whether the weather be 
cloudy or clear the presence of day- 
light is the most striking characteristic 
of daytime while night is characterized 
by its absence. 

In clear weather it is evident that 
our daylight is directly dependent 
upon sunshine—ordinary light Wau. 
travels through that great space from 
the sun to the earth in the same way 
that light passes from a lamp to the 
printed page. But we have daylight 
on the north side of buildings not 
touched by sunshine, besides through- 
out a large portion of the time that 
we have daylight the sun itself is in- 
visible. In order to understand the 
presence of daylight without sunshine 
let us spend a moment upon the subject 
of diffusion. 

The filament of a lighted lamp is 
visible by means of light which origi- 
nates at the filament. A printed page 
is visible, not because it gives out 
light itself, but because it does not 
take up all the light which falls upon 
it. A portion of the lamplight thrown 
off by the paper enters the eye and 
produces the sensation of vision. The 
light thrown off by the paper does not 
contain any waves which were not in 
the light falling upon it. In general 
the paper absorbs certain waves so 
that the light thrown off has generally 
a different color from the incident 
light, but its nature is not changed. 
Light thus thrown off irregularly 
from a rough surface like unglazed 
paper is said to be “‘diffused.” A sur- 
face giving complete diffusion appears 
equally bright in all directions. All 
surfaces which can be clearly seen 
produce a considerable diffusion in the 
light striking them. 
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If one stand between his book and 
the lamp he can still see the book be- 
cause the faint light diffused from the 
walls and ceiling, strikes the book, 
enabling it in turn to throw off enough 
light—thus twice diffused—to affect 
the eyesight. The sensation given by 
the eye is a rough and ready measure 
of the light given off by a body. Of 
two pieces of cloth, that one is said to 
be the lighter, which throws off in 
diffusion, as judged by the eye, the 
greater proportion of incident light. 
Vhe light diffused from the surface of 
the full moon is sufficient to enable 
one, on a clear night, to tell the time 
by his watch; while the snow in sun- 
shine gives off so much diffused light 
as to be very painful to the unpro- 
tected eye. 

Meiseine-dittused lisht from the 
ground, trees, buildings and the like 
that penetrates spaces which the sun- 
shine cannot reach and gives them a 
subdued and frequently colored light. 

Diffused light comes not only from 
such bodies as paper, cloth and snow 
but also from finely divided particles 
in the air, such as dust, smoke and fog. 
If a ray of sunshine be admitted to an 
otherwise dark room, its path is made 
visible by the dust particles which it 
reveals. Recent years have made us 
familiar with the white arm of the 
searchlight, rendered visible by the in- 
numerable tiny floating things, which 
scatter its light in all directions and 
thus becomes of particular interest and 
beauty in the presence of a thin fog or 
mist. 

A fog, however, is nothing but a 
cloud close to the ground; and it is 
thus but a step to see that a cloud may 
appear very bright when sunshine is 
falling upon it. A cloud is made up of 


small drops of water or of ice. The 
sunlight falling on the first layer of 
drops is probably not diffused but is 
thrown off in rainbow formation ; this 
light is taken up by other layers in 
succession and thrown in various di- 
rections until finally, when it emerges 
from the cloud the directions of the 
light rays are completely mixed up or 
diffused. The sky overcast with thin 
clouds is practically uniformly bright 
in all directions and gives a soft mel- 
low light very agreeable to the.eyes;- 
shadows being reduced to a minimum. 

Even such a thin medium as the air 
turns some light aside. Its -principal 
effect is among the shorter blue light 
waves making the sky between the 
clouds appear blue in color. For this 
reason also when the sun is low in the 
morning and evening its disc appears 
red because the diagonal path of its 
rays through the air has then become 
so great as to take out a very large 
proportion of the blue and green 
light, leaving the reddish colors. The 
illumination from the blue sky is in- 
significant when compared with that 
of the clouds. 


In summarizing the sources of day- 
light we may enumerate: (1) sun- 
shine, (2) cloudlight or white skylight 
derived from scattered sunshine, (3) 
blue skylight from the air, and (4) 
diffused light thrown off from objects 
illuminated from the above sources or 
from previous diffusions. The dis- 
cussion of daylight illumination natur- 
ally covers methods of estimating the 
illumination of windows from each of 
these sources with a study of the 
distribution of the illumination in 
rooms under various conditions. 


(To be Continued) 
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The Illumination of the New City Hall, 
Newark, N. J. 


The lighting installation of the city 
hall of Newark is remarkable from 
the fact, that there are practically no 
fixtures used in the entire- system. 
With the exception of a few single 
gas brackets for emergency lighting, 
and a maiter of a half-dozen electric 
brackets at the stairway landings, 
the only fixtures in the entire building 
are two newel-post standards at the 
foot of the main stairway in the base- 
ment. The illumination in general is 
entirely from incandescent lamps 
studded in the ceiling, the general plan 
of placing the lamps being that of a 
rectangle in lines parallel to the out- 
line of the room. In no case have 
lamps above 16 candle-power been 
provided, and in many of the rooms 
it was expected that 8 candle-power 
lamps would be sufficient. 

This method of illumination has the 
undisputed advantage over all others 
of cheapness of the original installa- 
tion, and the readiness with which ad- 
ditional illumination may be provided, 
Or repairs made upon the existing 
system. The majority of the wiring 
in this case is practically exposed, the 
conduits being run along the ceiling, 
with sockets placed at the desired in- 
tervals, the whole being covered with 
a stucco moulding. The method of 
construction is shown in Fig. 1. 














FIG. I.-—SECTION LHROUGH MOULDING: 


While no reflectors or globes of any 
kind were originally intended, the mis- 
take so often made in similar kinds of 
installation, of placing the socket en- 
tirely within the moulding, or ceiling, 
thus preventing the possibility of at- 
taching a reflector has not been made 
in this case. The sockets project 
sufficiently below the stucco moulding 
to permit of a shade holder being at- 
tached if desired. 


As this is probably the largest pub- 
lic building using this method of light- 
ing exclusively, the results are espec- 
lally interesting to illuminating engi- 
neers. In fact this installation offers 
opportunities for investigating on a 
larger scale, the problems which Mr. 
Millar discussed in his paper presented 
before the Illuminating Engineering 
Society, an abstract of which appears 
in another section of this issue. As it 
afforded special opportunities for in- 
vestigating the results to be obtained 
by the use of reflectors with ceiling 
lamps, we had illuminometer measure- 
ments made for this purpose in two of 
the smaller rooms, the results of which 
are given in the accompanying 
diagrams, Figs. 2, 3, and 4. Room A 
is 24 feet long by 14% feet wide, and 
has 22 lamps installed. Room B is 
the same length, but 1 foot wider, and 
has 20 lamps. The ceiling is 15% ft. 
high. A frieze of light buff tint 4% 
ft. wide runs about the side walls. It 
was not noticed until after the tests 
had been made, that the rooms varied 
slightly in width, and that room A 
contained two more lamps than room 
B. But these variations are not large 
enough to materially affect the general 
results for purposes of comparison. 
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The illumination on a_ horizontal 
plane at the height of an ordinary 
desk (30 inches) was taken at the 
center of the room, and at a point di- 
rectly under the row of lamps midway 
between the side walls. 


Two measurements were taken in 
room A. First with bare 8 candle- 
power oval anchored filament lamps, 
the second with the same lamps fitted 
with Holophane prismatic reflectors 
(No. 2631). The curves of illumina- 


tion-are given in big. 2. FIG. 4.—COMPARISON OF CURVES OF ILLUMI 
NATION IN ROOMS A. AND B. 





_As before stated, the similarity of con- 
ditions is so close as to render the 
tests in the two rooms comparable 
As room A contained Io per cent 
more lamps, the values obtained have 
been reduced Io per cent., and com. 
pared with the values obtained in roon 
B, in Fig. 4. This comparison shows 
that the illumination on the usefu: 
tet ~= plane is practically doubled by the use 
of the prismatic reflector; that diffus- 
FIG. 2°-CURVES OF ILLUMINATION ON ALINE ing reflectors increase the illumination 
LENGTHWISE IN ROOM A. CURVE A, BARE about 20 per cent. and that 16 candle- 
BTS TOU EES NG oa power bare lamps give 10 per cent 
WUOLOPHANE REFLECTORS. : 2 : 

more illumination than 8 candle-powet 
lamps equipped with -prismatic reflect- 
ors. It should be noted, however, in 
this case, that the ceilings are high 
relative to the size of the room, which 
gives an advantage to reflectors giving 
4 more concentrated, downward dis- 
tribution, and also that the Holophane 
reflectors used were of larger diam- 

eter than the diffusing reflectors. 
One of the larger rooms of the 
sbuilding is shown in plan, in Fig. 5, 
the position of the lamps on the ceil- 

FIG, 3.—CURVES OF ILLUMINATION ON A LINE - : 5 ° 
a errWish IN ROOM B, CURVE C, BARE ing being also indicated. It will be 
16 CP. LAMPS; CURVE D, 8 CP. LAMPS seen that the lamps are comparatively 
WITH ENAMELED REFLECTORS. very close to the side walls. A heavy 
moulding runs about the side walls 
Two tests were also. made in room just below the lamps, which has been 
B: the first with 8 candle-power oval tinted a dark drab. The side walls 
anchored filament clear lamps, fitted are of a similar cast; the ceiling in 
with small “diffusing” (white enam- light buff. The dotted lines indicate 
eled prismatic glass) reflectors, and beams running across the ceiling, di- 
the second with bare 16 candle-power viding it into five panels. There are 
oval anchored filament lamps. -The 16 candle-power clear oval anchored 

results obtained are shown in Fig. 3. filament lamps at present installed. 
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satisfactory for the purpose of the 
room, which is the public meeting 











Re ge place of the Board of Water Commis: 
sioners. Owing to the construction 
| i used, however, this defect may be very 
| readily corrected by the simple ex- 

Pee ee ey tC ee ae ee pedient of installing rows of lamps in 

| each of the panels. With this ad- 

' 1 ditional installment, and by the use of 

: reflectors, the room can be amply 1il- 

-luminated by the use of 8 candle-power 

SONS ee ee lamps. 
ie MEETING ROOM | ! 
% Boaro of Works | [ 
| 
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FIG. 6.—CURVE OF ILLUMINATION, BOARD OF 








FIG. 5.—PLAN OF ROOM, SHOWING POSITION OF 
LAMPS AND POINTS AT WHICH ILLUMI- 
NOMETER MEASUREMENTS WERE 
M ADE, 


lt would at once be assumed from 
an inspection of this arrangement that 
a very unequal distribution of illumin- 
ation would be the result. The in- 
equality, however, as shown by actual 
measurement, proves to be much less 
than might be expected. Measure- 
ments were taken in the four positions, 
indicated inthe diagram: Pie™ 5; the 
curve of illumination is shown in 
Figo: 

Even with this unequal spacing of 
the lamps on the ceiling, the differ- 
ence between the maximum and 
minimum illumination is much less 
than is frequently found in the case 
of illumination by chandeliers. While 
the minimum intensity (1. e. at the 
center of the room), is sufficient to 
permit reading of ordinary print, with 
a fair degree of readiness, it is hardly 
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The ceiling plan of the Mayor’s 
room is shown in Fig. 7. The dotted 
lines indicate beams dividing the ceil- 
ing into three pannels. The general 
color scheme of ceiling and walls is 
drab and buff. The lamps installed 
are clear, oval anchored filament, 16 
candle-power. Measurements of il- 
lumination were taken on a _ semi- 
diagonal of the room, as indicated in 
the diagram, and the curve of illumi- 
nation is given in Fig. to. It will be 
seen that the illumination is satisfac- 
tory.as to uniformity, and of ample 
intensity without being excessive. 
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FIG. 8.—CURVE OF ILLUMINATION ON A LINE 
DIAGONALLY ACROSS MAYOR’S ROOM. 


The one room in which the system 
installed proves to be wholly unsatis- 
factory is the Council Chamber. This 


is shown in plan, in Fig. 9. At the 
front there is a platform as shown, 
the portion intended for the presiding 
raised 30 


officer inches from the 
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floor level. The recess back of this plat- 
form forms a segment of a dome at 
a height of about 20 feet from the 
platform. At the base of this dome- 
shaped ceiling, a cornice is provided, 
behind which is placed a row of 16 
candle-power lamps. The ceiling of 
the dome above is gilded. 


The general ceiling plan is shown in 
Higwed, e leampsware = placed in) -the 
dental course of the moulding joining 
the ceiling and side walls. It will be 
noted that the lamps are omitted along 
the front side of the room. The dome 
is constructed of leaded glass of a 
very slight opalescence. There is a 
space of three or four feet above the 
top of this dome, and the sky-light in 
the roof. A circle of 16 candle-power 
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FIG. O.—PLAN OF COUNCIL CHAMBER. 
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lamps is placed above the dome in tne 
position indicated on the plan. The 
height of the ceiling is about 20 feet. 
luminometer measurements made on 
a horizontal plane 30 inches above the 
floor at the points indicated in Fig. 9 
gave the results shown in the curve, 
Fig. ro. 
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IO.—CURVE OF ILLUMINATION ON LINE 
ACROSS COUNCIL CHAMBER. 


FIG. 


It will be seen that while the illumi- 
nation at the extreme rear of the 
room is excessive, in the front por- 
tion, and especially on the platforms, 
where illumination is mostly needed, 
it is entirely too low for purposes of 
reading or writing. An architectural 
feature of the room in this case, how- 
ever, fortunately offers a very satis- 
factory means of supplying the req- 
uisite illumination in this space. The 
dome in the ceiling is sufficiently 
large, and the glass entirely suitable 
for permitting an illumination of the 
space below by means of light sources 
placed above. It would seem to offer 
a peculiarly fitting case for the use 
of a flaming arc lamp for interior 
lighting. By placing such an arc, 
fitted with a reflector which would 
restrict the light to the glass surface 
of the dome, a beautiful, soft illumi- 
nation, harmonizing perfectly in color 
with the incandescent lamps within, 
could be projected into the space be- 
low. The two possible objections 
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to the flaming arc for interior illumi- 
nation, viz.: the presence of fumes, 
and a slight flickering, common to 
all arc lamps, would scarcely be ob- 
jectionable- in this <case. = Phe tues 
would be entirely excluded from the 
room by the ceiling and dome, and the 
shght flickering would be so dis- 
tributed by reason of the diffusion of 
the glass, and counterbalanced by the 
illumination of the incandescent lamps, 
as probably not to be appreciable. The 
dome of the rotunda could be im- 
proved in_ appearance by the same 
method; although the illumination in 
this case is now ample for all require- 
ments. 

The principal corridors of the differ- 
ent floors run around- the “interror 
court. The illumination provided for 
these, consists of a double row of 
lamps in the ceiling. These are ar- 
ranged at the switchboard, so that 
either row can be turned on separately 
also alternating lamps in either row. 
This furnishes a method of illuminat- 
ing the corridor with several degrees 
of intensity, which is entirely satisfac- 
tory. 

From an optical standpoint, one 
fault can be laid against the system as 
carried “out in thisvcase- sand =tiiatms 
the presence of bare lamps. This opti- 
cal objection can undoubtedly, be re- 
moved within a comparatively short 
time without any increase in the main- 
tenance cost by the use of the new 
metal filament lamps. 


From the decorative standpoint, a 
clear lamp without any form of shade 
or reflector, looks bare and unfinished. 

In order to compare the efficiency 
of illumination by this method with 
that of other methods the following 
figures as to the watts per square foot 
of floor surface, will be instructive: 


Room. Watts per sq. ft. 
An Cscpuelamps )nutis.+ cc. 2 bee eee 
BYCiO. che lamps)cn: son 4 see eee a-3 
Mayo Sai eee sig aes 2 ew, ae ae 4.8 
Board of eWorks> <754.0..5 2 eee Zz 
Counc @hambers 72 + tee. cee ee 4.8 
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THE ILLUMINATING ENGINEER- 
ING SOCIETY: 


It is now practically a year since 
the inception of the movement to form 
a society of Illuminating Engineers. 
The call for the first meeting was sent 
out on December 13th, 1905. Within 
the space of twelve months a national 
organization has been formed, with a 
membership of more than 850, and 
active branches in four of the largest 
cities, exclusive of the branch in New 
York, viz: Chicago, Philadelphia, 
Boston and Pittsburgh. 

Some recent philosopher has said, 
that the way to start a society of any 
kind was to issue a call for a meeting 
for the purpose of organization, and 
then for everybody to wait and see 
who joined before becoming members 
themselves. This method of procedure, 
which is only too commonly practiced, 
was, fortunately, not followed in the 
history of the Illuminating Engineer- 
ing Society. A surprisingly large 
number of those whose presence was 
solicited for the first meeting re- 
sponded by personal attendance, and 
nearly all of the others by letter; and 
from the very beginning the interest 
in the formation of the society and the 
work which it set out to accomplish 
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amounted to positive enthusiasm. The 
few who doubted the expediency of 
forming such a society, either from 
a belief that the time was not yet ripe, 
or from a fear that the preserves of the 
older societies and professions might 
be trespassed upon, were early con- 
vinced of the error of their ways. In 
fact the society has grown both in 
membership and importance beyond 
the most sanguine expectation of its 
early promotors. 

The value of the membership of 
such a society, however, is not ade- 
quately expressed by mere numbers 
alone. Quality counts even more than 
quantity. In this respect the Iluminat- 
ing Engineering Society is second to 
none of the established technical so- 
cieties, its membership including prac- 
tically all of those who are most 
closely identified with the production 
and use of light, both in the theoretical 
and practical fields. 

The considerable number of mem- 


bers who, either by reason of their dis- 
tance from the regulation meeting 
places of the several branches, or the 
multitude of duties incident to their 
positions, cannot expect to personally 
attend the meetings; is a demonstra- 
tion of their appreciation of the value 
and importance of the work to be ac- 
complished by the society, and the duty 
of lending their moral support and 
financial assistance to its promotion. 


The excellent progress thus far 
made, should give an impetus to the 
work of still further extending the 
membership and sphere of usefulness 
of the society. The council are espec- 
ially anxious to bring the membership 
up to a thousand before the annual 
meeting in January. Even one thou- 
sand is a very small minority of those 
vitally interested in the subject of il- 
lumination in this country. There is 
one field in particular which is very 
inadequately represented, and that 1s 
the architects. ~The-architect: is, at 
least in the public mind, held respon- 
sible for all of the results and effects 
obtained in a building, and, even 
though he may employ an electrical 
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or other engineer to supervise the 
lighting installation, any defects in re- 
sults will be ascribed to the architect 
to his discredit. And even though he 
may employ an illuminating engineer 
for the purpose, it behooves the archi- 
tect to become sufficiently familar 
with the general principles of the sub- 
ject, and the best possible results ob- 
tainable, to check up intelligently the 
work of the engineer. Furthermore, 
it is: high time that sthesarechitees 
should recognize the fact, and en- 
deavor to impress it upon his client, 
that the illumination of a building is 
an exceedingly important item in its 
equipment, and well worth the atten- 
tion of a specialist, even at the cost of 
a reasonable additional fee. In no 
way can the architect further the gen- 
eral progress and recognition. of illu- 
mination as an engineering problem, 
than by identifying himself with the 
Illuminating Engineering Society; 
and it is earnestly to be hoped that this 
most important profession may have 
an adequate representation among its 
members. 


But, mere membership alone does 
not make a_ technical society. The 
prime purpose of such a society is to 
stimulate research and investigation, 
and to disseminate knowledge. The 
subject of illuminating engineering is 
comparatively a virgin field for such 
work; and especially those engineers 
actively engaged in the work of illu- 
mination should consider it a duty to 
their colleagues to embody the 
methods used in the various problems, 
and the results obtained in communi- 
cations to the society. The papers 
thus far presented have been highly 
creditable, especially considering the 
imperfect state of the science, and the 
recent organization of the society. 
But 1f the work of the society is to 
prove of continual and increasing 
value to its members, the matter of 
the papers presented must be given 
particular attention, not only by the 
committee having it in charge, but 
by the entire membership. No del- 
icacy need be felt in volunteering 
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papers. Such communications will be 
always in order and welcome. Any 
information regarding membership, 
papers, or other matters pertaining to 
the society, will be cheerfully given 
by application to the secretary, Dr. A. 
H, Eliott; a Irvme place IN. yi 





MEAN SPHERICALCANDLE-POWER 
AND ITS MEASUREMENTS 


The importance of determining the 
total flax of light “emitted “by the 
various sources, or, to use the cumber- 
some term that has come into general 
use, “mean spherical candle-power,” 
has long been recognized by scientists ; 
but those most concerned with the 
practical use of light have been slow 
to appreciate its value. 

The two chief obstacles in the way 
of the more common use of this all- 
important measurement are, the diffi- 
culties that have attended the making 
of the measurement, and that compli- 
cated process by which the final re- 
sults have been derived, this rendering 
the meaning of the measurement diffi- 
cult of comprehension by the layman. 
It is even difficult to formulate a defi- 
nition of “mean spherical candle-. 
power,” that can be intelligently fol- 
lowed by the non-technical reader. 

In view of these undisputed objec- 
tions to the use of this fundamentally 
important measurement, there should 
be concerted action on the part of the 
scientific societies, and the producers 
of light and lighting avparatus, look- 
ing toward the establishment of some 
more simple and definite system of 
photometric units. A joint committee - 
from the Illuminating Engineering 
Society, the American Institution of 
Electrical Engineers, and the newly 
formed Gas Institute, might accom- 
plish something in this direction. . 

The long and tedious process of mak- 
ing a series of measurements of in- 
tensity in different directions, plotting 
the curve of distribution, deriving the 
Rousseau curve from this, and then 
integrating the Rousseau curve, has 
rendered the method prohibitive ex- 
cept for purpose of special scientific 
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investigation. In the case of the arc 
lamp, in which the intensity in differ- 
ent directions varies almost continu- 
ously, the process has given an ap- 
proximation, rather than a true meas- 
urement. 

The value of an instrument by 
which the total flux can be accurately 
measured by a single reading is, 
therefore, self-evident. Blondel pro- 
duced an instrument of this kind in 
1895, which he called a “Lumenmet- 
er.’ It was designed especially for 
the measurement of arc lamps. Some 
vears later, Prof. Mathews construct- 
ed an “Integrating Photometer,”’ pri- 
marily designed for measuring the 
mean spherical candle-power of incan- 
descent electric lamps, although it has 
since been adopted to arc light photo- 
metry. The apparatus has been im- 


proved and put on the market at a> 


reasonable price, considering its nec- 
essarily somewhat elaborate construc- 
tion. 

More recently German photome- 
tricians have been developing a form 
of instrument which they call a “globe 
photometer,” and which promises to 
furnish a practical solution to this vex- 
ing problem. The general principle 
of this instrument is a hollow globe, 
the interior of which has a white matt 
surface forming a diffuse reflector. 
The illumination on a small portion of 
the surface, which is defined by an 


opening or window into the globe, is. 


then measured in the same manner as 
a light source. The instrument is cal- 
ibrated by comparing the values thus 
obtained with the spherical or hem1- 
spherical intensity derived by the usual 
WMermods ss bothetheory and the con- 
struction of the instrument have been 
carefully investigated by various Ger- 
man scientists, the results of several 
of these investigations. having been 
previously given in the Illuminating 
Engineer. 

The instrument seems to bee reason- 
ably cheap to construct, and by taking 
the precautions which have been point- 
ed out by the different investigators, 
capable of results which are well with- 


in the limits of accuracy requisite for 
commercial work. It would seem that 
such an instrument would afford 
especially good means for measuring 
the flux of : arc lamps, since changes in 
the position of the arc upon the car- 
bons, which renders the measurements 
of intensity in given directions so un- 
reliable, would have no effect in this 
instruments If -is- worth mentioning 
that the standardizing committee ap- 
pointed by the Gearin electrical 
manufacturers, and Electrical Engi- 
neers Association, have recommended 
the use of an instrument of this form 
for determining the hemispherical 
candle-power by which arc lamps are 
tombe rated. With a ‘practical. and 
cheap form of photometer by which 
spherical intensity can be obtained by 
a single measurement as easily as in- 
tensity in one direction is measured 
on the ‘ordinary photometer, there is 
no sufficient reason for further fol- 
lowing the illogical and unscientific 
practice of rating light surfaces by in- 
tensity in one direction. 


On the subject of spherical meas- 
urements, however, there seems to be 
a tendency to substitute a new error 
for the old one; namely, of consider- 
ing only the lower hemispherical in- 
tensity, or candle-power. It is argued 
that the only light utilized for pro- 
ducing illumination under ordinary 
conditions is that which falls below 
the plane of the light surface. The 
fact may be accepted as self-evident, 
but it by no means follows that the 
rating of a light-source by the hemi- 
spherical intensity affords a sufficient 
statement of its values. A _ light- 
source which threw all of its light into 
the upper hemisphere, would, “accord- 
ing to this method, have no value, that 
is, an efficiency of zero, which is mant- 
festly absurd; by the simple use of a 
reflector, the upward light can be dis- 
tributed practically at will in any di- 
rection below, or elsewhere. 

There are three quantities which the 
Illuminating Engineer needs to know 
fil Ordenst0 intelligently handle any 
eiven form of light source: 
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Ist—The total quantity of light 
given out for a given expenditure of 
energy. 

2d—The natural distribution of in- 
tensity in a vertical plane, with the 
light source in its normal position. 

3d—The distribution, or total flux 
of light, that can be produced on a 
given area by the use of the best ac- 
cessory with which the light source 
can be fitted. 

The first quantity gives the abso- 


lute efficiency, and shows what pro-. 


portion of the total energy supplied is 
converted into light. 

The second shows for what purpose 
the light source is suitable for use 
without any accessories, and also gives 
necessary data for designing acces- 
sories, such as reflectors and globes. 

The third gives the efficiency of 
the light unit, that is, the light source 
and its accessories, for any given pur- 
pose of illumination. 

The first measurement is the proper 
one for the commercial rating of the 
light source, since it is invariable; the 
second and third measurements may 
be dependent upon the special use to 
which the illumination is to be put, 
and upon the skill of the designer of 
the accessories; and the Illuminating 
Engineer is quite as responsible for 
such design as the manufacturers. 





THE RELATIVE IMPORTANCE OF 
ILLUMINATING ENGINEERING 


Under the title of “Design, Installa- 
tion and Maintenance of the Modern 
Office Building,” a writer who uses 
the title of C. E. after his name dis- 
cusses at length in an article, running 
through two issues of the Journal of 
the Franklin Institute, the various 
problems included in the comprehen- 
sive title of his article. 

He evidently intended to omit no 
detail which should be considered in 
the construction of a modern office 
building of the highest class. A care- 
ful examination of his paper, however, 
failed to discover the slightest refer- 
ence to artificial illumination. A 
reasonable explanation of such an 
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omission is hard to find, and still 
harder to justify. It throws much 
light, metaphorically speaking, upon 
the well recognized fact that the 
artificial illumination provided in the 
average office building is unsatis- 
factory and woefully inefficient and 
behind the times as compared with the 
other utilities provided for. If a 
specialist in dealing with the various 
points of construction and facilities to 
be provided has so little consideration 
for the matter of illumination as to 
think it unworthy of so much as a 
mere mention, what sort of results 
are to be expected? And who is to 
supply this inferentially trifling omis- 
sion ? 


The fact still remains, however, that 
artificial light must be provided in 
every office, passage-way, and space in 
the building; and the necessary plant 
for supplying this light is one of the 
largest items in the equipment of the 
building, and supplying the light one 
of the largest items of maintenance. 
And yet this engineer, presumably of 
good standing in his profession, ap- 
parently-does not consider it worthy 
of notice! 


The seat of the trouble, however, 
lies in the general ignorance of the 
public on matters of illumination. 
Poor illumination is so common, or 
rather good illumination so rare, that 
it is taken as a matter of course that 
artificial lighting must be “hard to 
work by,” or “hard on the eyes,” and 
so only the extremes of defective 
illumination bring forth any protest on 
the part of the user. The owners of 
office buildings are as careless of the 
importance of :artificial illumination 
as are the engineers. In setting forth 
the advantages of such a building, as 
is frequently done in brochures most 
elaborately gotten up, who has ever 
seen the excellence of the artificial 
illuminating system set forth as one 
of the advantages? And yet, even in 
the best lighted buildings, there are of 
necessity a great number of offices in 
which the daylight illumination is of 
only moderate intensity at the best, 
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and in which, at least during the 
shorter days of the year, artificial 
illumination must furnish the actual 
working light, to say nothing of the 
growing tendency to extend work into 
the night. If an amount of care in 
the designing and installation of the 
illuminating equipment were given 
proportionate to its importance, and 
the fact demonstrated to prospective 
tenants, it would be one of the most 
attractive features that could possibly 
be provided. 

In the campaign of education to 
which the illuminating engineer must 
devote a_considerable proportion of 
his energies for some years to come, 
the owner must receive a large share 
of attention, since he is the court of 
highest appeal in deciding upon the 
equipment of the building. Next to 
the owner the architect should be 
—worked with. As a mere matter of 
business the architect naturally wishes 
to satisfy his client; but so long as 
his clients do not especially demand 
a high quality and efficiency of illumi- 
nation, the architect cannot be cen- 
sured too severely for not educating 
his client up to the point of making 
such demands. 

In the case of public buildings, such 
as office buildings, it is possible to go 
one step further back, and show the 
tenant the difference between good 
and poor illumination; for ultimately 
it is the demand of the tenant that 
must determine the character of the 
utilities to be offered. The ‘article 
cited at the beginning of our discus- 
sion brings before us forcibly the fact 
that much missionary work remains 
still to be done before illuminating 
engineering becomes a generally ac- 
cepted and utilized branch of applied 
science. 


«STANDARDIZED MEDIOCRITY’’ 


Under the above title the Industrial 
Supplement of the (London) Electri- 
clan comments upon a recent article 
by Dr. Louis Bell in the Engineering 
Magazine. 

The editorial starts out by stating 
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that “America is generally recognized 
today as the land of standardization. 
The word manufacturer there means 
nothing more nor less than concentra- 
ted production. The automatic multipli- 
cation of parts, and their hurried as- 
sembly into an article of commerce 
constitutes the American method of 
which we have heard and are hearing 
so much.” 


“The land of standardization” is a 
particularly happy characterization of 
American civilization. The Electrician 
admits that this policy has resulted in 
bringing American manutactures to a 
wonderfully high degree of commer- 
cial supremacy, and very pertinently 
asks the question: “Can it last? Will 
not America find that in hastening to 
the front she has confiscated her right 
to recognition by the adoption of 
methods apparently brilliant and ef- 
fective, but in reality slovenly and in- 
congruous?’ It is possible to get 
too much even of a good thing; and 
the advantages of standardization have 
their limits. In a general sense stand- 
aidization is opposed to originality. 
It has been generally admitted, often 
somewhat boastfully, by Americans, 
that while Europeans may lead in 
scientific discoveries, it takes the 
Americans to reduce these theories to 
practical results. 


While such a standardization of or- 
iginal discoveries may have its advant- 
ages commercially, it would be an un- 
questioned injury to progress in gen- 
eral if such a course tended to sup- 
press or stunt the growth of original 
discovery and invention. ‘The recent 
remarkable progress in methods of 
producing light, particularly from the 
electric current, would seem to indi- 
cate that such a condition has been 
reached in this country. Practically 
all of the research work which has re- 
sulted in these improvements has been 
done by Europeans. The discoveries of 
Welsbach revolutionized gas lighting 
and saved it from practical annihila- 
tion at the hands of electric illu- 
mination. The inverted gas burner, 
air hole chimneys, and flexible mantles 
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are likewise of European origin. The 
theoretical basis of the mercury vapor 
lamp and the use of the rare earths in 
the production of electric light as ex- 
emplified. in the Nernst lamp, are 
likewise of German origin. So also 
is the theoretical and practical develop- 
ment of the flaming arc lamp, and 
more recently the use of the rare-metal 
filament, as employed in the Tantalum 
and Tungsten lamps, and which are 
apparently destined to supersede the 
carbon filament lamp, are German and 
Austrian discoveries. Even the theo- 
retical work upon which the enclosed 
arc lamp was based must be credited 
to Europeans, and for some time after 
the commercial introduction of the 
enclosed arc in this country we were 
obliged to go to Germany for our car- 
bons, and large quantities of imported 
carbons are still used. 

In this particular field, therefore, it 
is evident that we are being completely 
outclassed by the European. The dif- 
ficulties of obtaining intelligent skilled 
labor in this country are universally 
acknowledged by those who have in 
any way come in contact with the 
problem, and the difficulties seem to be 
increasing rather than diminishing. 
This may be ascribed to several causes, 
among whichare the tremendous strides 
that have been made toward consoli- 
dation and standardization, which ap- 
plies not only to machinery, but to 
workmen as well. As the manufactur- 
ing concern has become larger the in- 
dividual workman has become rela- 
tively smaller, until in many of the 
great aggregations that comprise the 
modern industrial concern of today 
the individual workman is practically 
no more than one of the thousands of 
parts in .a vast machine.” Uhisvnat 
only is the opportunity, but the incent- 
ive to individual effort suppressed. As 
Dr. Bell puts it, “American methods 
and workmen produce average results 
of remarkable excellence; but if one 
wants a bit of work done with the ut- 
most thoroughness and _ precision, 
nineteen times out of twenty he will 
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find that the .workman ‘who has 
finished it is a German, or Swede, or 
Knglishman.” The reduction of our 
manutactured products to a condition 
of “standardized mediocrity,” can have 
no other ultimate effect than reducing 
the workman to the same condition, 
the results of which must have a far- 
reaching effect upon our national civil- 
ization. 


Wetakemuch pride in our ability to 
adapt European inventions to our own 
conditions. In many cases this proc- 
ess consists in replacing fine work- 
manship with clumsy strength, so as to 
render the device as nearly ‘“fool- 
proof” as possible—to use a common 
and expressive term. Mechanical ap- 
paratus in common use in Europe is 
often found to be entirely too delicate 
for American use. Some years ago 
an American firm put upon the market 
an imported arc lamp of German 
manufacture. Electrically and me- 
chanically the lamp was an almost 
perfect piece of mechanism; but ex- 
perience soon proved that the lamp 
could not be handled by the American 
public, and the manufacturers were 
compelled to re-design it so that it 
would stand American usage. 


On all articles which require refined 
and intelligent hand labor it will be 
found that the European far excels us 
and maintains his hold upon our mar- 
kets, even in spite of the tariff handi- 
cap. Thus the finest ornamental glass- 
ware, that is, glass-ware in which the 
pieces have the impress of individu- 
ality of the workman, is of German 
or Austrian manufacture; but when 
it comes to mechanically stamping out 
imitations of this work, especially of 
cut glass, by the million pieces, then 
the American is without a competitor. 


Standardization has its value, as do. 
methods of cheap and rapid duplica- 
tion; but in the end it is the new 
thought, the original discovery, the 
true invention, that determines the su 
premacy of a people, both intellectu- 
ally and commercially. 
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Facts and Fancies 


THE LIGHTS O’ NEW YORK ' 


Commissioner Ellison, of the Dept. 
of Water Supply, Gas, and Electricity, 
says the history of lighting the City of 
New York began in 1821. 

“Up to that time New York was 
lighted by candle or oil lamps, many 
of which were maintained by citizens. 
In 1856 gas lamps were put in, and in 
1882 electricity, but the system was 
Gudea rst. © lhe last of the old- 
fashioned lamps will be done away 
with this year, and the streets will be 
illuminated by are lights and mantle 
gas lamps.” 

He also states that it cost $3,500,000 
for lighting the city for the year, but 
that $800,000 was saved on contracts. 
The city has 65,818 lights to illuminate 
209,918 acres. These are equivalent to 
24,000,000 candles. There are 13,987 
arc lamps, 4,581 incandescent lamps 
and 52,957 gas lamps. On the out- 
skirts are 4,183 naphtha lamps, and in 
Tottenville 100 kerosene lamps have 
survived modern illumination. The 
city has 1,380 city buildings to be 
lighted, requiring 224,294 gas lights 
and 185,263 electric lights. 





PAC TOR FANCY? 


A South Dakota newspaper has the 
following news item, which may prop- 


erly be classed under the heading, “im- 


portant if true:” 


It has also been left to a South Dakota 
farmer to discover that enough electricity 
may be taken from the air above the 
Buttes to furnish the power which will run 
electric lights, threshing machines and 
water pumps. 

Such a discovery is one of the marvels 
of the electrical world, and a dream of 
inventors for decades, but John H. Stran- 
han, son of a well-to-do farmer, near Mil- 
ler, S. D., has made the discovery, and 
from Sully Buttes may be seen a number 
of tandem box kites, while half way to the 
earth, on a No. 8 copper wire, hangs, a 
strange white box the size of a beehive. 

From the copper wires which deseend 
from this box enough electrical energy is 
secured to run the motors with which the 
Stranhan home is lighted; a feed grinder 
and threshing machine operated, and a big 


electrical pump which pours water into the 
irrigating ditches. 

Young Stranhan is a graduate of an 
Eastern polytechnical school, where he 
went to complete his studies after gradu- 
ating from the University of Nebraska, in 
Lincoln. Since leaving the school he has 
devoted much of his time to studying the 
Hertzian waves, the electrical waves which 
make the wireless telegraph possible. He 
has experimented under the belief that it 
was possible to collect the electricity in the 
air and use it for commercial purposes. 

He now declares he has perfected a de- 
vice which gives him the first current from 
the air about Sully Buttes, and by a series 
of inductions the power is increased until 
it runs all the machinery on the Stranhan 
farm. : 

Stranhan says that his scheme was suc- 
cessful from the start, so far as the pro- 
duction of an electrical current was con- 
cerned, but that the difficulty was in pro- 
ducing a current of sufficient potentiality 
to be of utility in farm work. After months 
of study and experimentation, however, 
he says that he hit upon a simple device 
which answered the requirements, and 
that now he is able to secure from the 
clouds a current sufficiently strong to run 
a 20-horse power motor. He says that by 
increasing the size of his collector he is 
confident that he will be able to produce 
currents of practically unlimited power. 


A NEW METHOD OF MEASURING 
THE HEIGHT OF CLOUDS 


Mie alisaesine cvetecenp article: if 
the Electrotechniker, describes a novel 
method of determining the height of 
clouds, which was first suggested by 
the light from the newly erected elec- 
tric fountain in Vienna. The method 
is so simple that, as he aptly says, it 
is curious that it has not been thought 
of before, since any good search light 
would answer the purpose even better 
than the illuminated fountain. The 
method is thus described by Palisa: 

When the illuminating tests of the new 
high-pressure fountain in the Schwartzen- 
bergplatz were made, a remarkable cone 
of light was observed, appearing as though 
projected from a search light. When this 
beam of light fell upon a cloud an exceed- 
ingly bright spot appeared in the heavens. 
Dr. J. Rhaden, Assistant at the Vienna 
Observatory, observing the angle which the 
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bright spot made with the horizon, con- 
ceived the happy thought of using it to 
determine the height of the clouds. 

There is no need of extended geomet- 
rical knowledge in order to understand 
the principles of this procedure. Let us 
assume that the place of observation (in 
this case the Observatory) and the foun- 
tain are on a level, and that the rays of 
light ascend vertically. Then let the three 
points, viz: the Observatory, the fountain, 
and the spot of light on the cloud, be con- 
nected by imaginary lines. <A _ triangle 
is thus formed of which the base, which 
is the distance from the Observatory to 
the fountain, can be easily determined by 
reference to a correct map of the city. The 
angle of the beam of light at the fountain 
is a right angle, and the angle of observa- 
tion at the Observatory is variable, and 
to be determined by measurement; the 
higher the cloud the higher will the spot 
of light appear and the greater will be this 
angle of observation. This triangle is 
shown in Fig. I, in which O represents the 
Observatory, F the fountain, and C the 
spot of light on the cloud. The length of 
the side FC of this triangle, which repre- 
sents the height of the cloud, may now be 
easily found by drawing the triangle to 
scale, or more accurately, by a trigono- 
metrical formula. 


C G 


F 0 F 


IEG G~ Le TiGaeZe 


As a matter of fact, the fountain and the 
observatory are not on the same level, but 
this does not seriously complicate the 
problem. Draw the triangle Fig. 2, in 
which the points CFO will be respectively 
the light spot, the fountain, and the 
observatory, as; Fie! %12,) “Ehisas nota 
right-angle triangle, but may be divided 
into two right-angle triangles by drawing 
the line OD, representing a horizontal 
light from the observatory to the beam of 
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light. The upper of these two triangles 
can now be solved by the method already 
described. The lower triangle is constant, 
and can be solved once for all; the side 
OF is the -actual ‘distance “from the 
Observatory to the fountain, and the side 
FD is the difference in levels between the 
fountain and Observatory, which is 71m. 
The height FC will then be the sum of the 
heights of the two triangles. 

It is evident that in case ‘of ‘several 
stratum can be observed; but if a rift 
occurs in the lower stratum and this crosses 
the beam of light, a spot will appear on 
the upper stratum, an event which 
repeatedly happened during recent observa- 
tions. It will be noted however that the 
higher the stratum the fainter will be the 
light spot. 

A number of observations show cloud 
heights varying from 1550 to 10,070 meters 
(one to six miles). 

It is peculiar that during apparently 
perfectly clear weather a bright spot will 
sometimes appear in the projection of the 
beam of light, showing the presence of a 
stratum of fine vapor, ordinary visible with 
difficulty, or entirely invisible. On one 
occasion this vapor stratum proved to be 
more than 10,000 m. high. 

As far as known no attention has here- 
tofore been given to the observation of 
cloud heights at night, as observations by 
day have offered great difficulties. In 
order to carry out such observations by 
day the angle between certain points on 
the clouds and the horizon must be 
measured at two different places the dis- 
tance between which is known. On account 
of the rapid change of clouds such 
measurements must be made simultaneously 
at both places. This would seem to be 
easily accomplished by the observers setting 
their watches beforehand and agreeing 
upon the time of observation. That the 
same position of clouds will be noted by 
both observers, however, is extremely 
difficult, in fact impossible. The best 
results thus far obtained have been by each 
observer directing a camera to the zenith 
and at the time agreed upon making a 
quick exposure. By means of the photo- 
graphs thus taken the exact points used 
for measurement of the clouds may be 
seen and by means of proper calculations 
the positions of these points determined. 
This new method using a beam of light, 
is astonishing on account of its sheer 
simplicity, and it is really to be wondered 
at that the idea was not conceived before. 
It is evident that the knowledge of this 
method can be of great value to the 
science of meteorology and in pursuance of 
other investigations. 
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DESK LIGHTING 


A satisfactory method of desk light- 
ing, at least one having universal ap- 
proval, does not seem to have been yet 
produced. The illustrations show two 
efforts in this line from foreign 
sources. The first illustration shows 
a design for adjusting the height, and 
also, within a certain radius, the posi- 
tion of a desk lamp. This device is of 
German origin. 


¢—----— 

















ADJUSTABLE DESK LIGHT FIXTURE 


In the English market is to be found 
a device for tilting a reflector into 
any desired position. If this were ap- 
plied. to the German arrangement it 
would produce practically a univers- 
ally adjustable lamp and reflector ; and 
if the fixture were placed on the desk 





ADJUSTABLE FIXTURE IN USE 





ADJUSTABLE REFLECTOR 


as shown it would be possible to secure 


almost any position of light-source 
and direction of rays desired. 

Another device for this purpose 
which has lately been put upon the 
English market is shown in the illus- 
tration below. It consists of an incan- 
descent electric lamp made in the form 
of a long tube with a filament run- 
ning from one end to the other. 





TUBULAR LAMP AND REFLECTOR 
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FIXTURES IN BOXES TO TAKE 
HOME 


If there is another thing besides 
“standardization” that characterizes 
American manufacturers it is the wide 
use and general excellence of the 
packages in which manufactured 
articles are put up. In this respect 
America easily leads the world. 

A handsome package appeals to the 
buyer in several ways. The package 
may be gotten up in so tasty a manner 
as to be an attraction in itself; then, 
there is the charm and satisfaction of 
receiving the goods exactly as they 
left the hands of the manufacturer, 
with the certain knowledge that they 
have not been handled or tampered 
with by others. To the merchant 
there is the convenience of having the 
goods securely done up and ready to 
hand out to the customer. 

The idea of putting up a lighting 
fixture, with all the necessary acces- 
sories and fittings, in a package ready 
for the user, is original with the Cleve- 
land Gas & Electric Fixture Co., who 
are putting up a line of gas and elec- 
tric fixtures of the simpler designs that 
are most frequently used, in neat paste 
board cartons ready for the customer, 
gas-fitter, or electrician. The many 
advantages which apply to the original 
package apply fully in this case, and 
the company mentioned deserve, and 
will no doubt receive, their full meas- 
ure of reward for their originality and 
enterprise. 


THe ne RINAT QUESTION ”’ 
HOW TO MAKE AN ADVER- 
TISEMENT ATTRACTIVE 


In this age of advertising, the search 
for originality and attractiveness is a 
never-ending one, and brings to light a 
wonderful amount of creative genius. 
All of these attempts may be roughly 
divided into two categories; first, the 
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handsomest or most unique illustra- 
tions of the article advertised ; second, 
the picture of a pretty girl. Without 
having made accurate counts of the 
relative use of these two methods, it 
would probably not be far out of the 
way to state that they are equally 
divided. In many cases it is possible 
to combine the two. One of the most 
successful attempts in this line is 
shown in the illustration, which, on 
account of its real artistic merit, has 
already become familiarly known as 
the “Lindsay girl.” Good taste and 
art displayed in advertising is a strong 
argument that the same judgment and 
high quality are maintained ‘in the 
article advertised; and the popularity 
of the Lindsay light rests upon as sure 
a foundation of intrinsic merit as the 
popularity of the “Lindsay girl” on 
good art. 





“THE LINDSAY GIRL.”’ 
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Correspondence 


FROM OUR READERS 


Epitor, ILLUMINATING ENGINEER, 


Sir:—Under the title: “Is the 
Carbon Filament Lamp Doomed?” 
in the May issue of The Central Sta- 
tion, 1905, you did me the honor of 
mentioning my endeavors on the line 
of an affirmative answer to your ques- 
tion. Under the title: “The Passing 
of the Carbon Filament Lamp,” in the 
July issue of THE ILLUMINATING 
ENGINEER, 1906, you were pleased to 
minimize these, my endeavors, adding, 
“experimenters” (other), “have been 
at work accomplishing practical re- 
sults, and making the rare-metal fila- 
ment lamp a commercial entity.” 

Not possibly being ignorant of the 
fact, that you and your publication 
had damaged my interests very ma- 
terially, by giving an unfavorable 
turn to my pending negotiations, you 
’ had the kindness to offer space in 
your publication to me for a statement 
of facts, laying bare the true inward- 
ness of the comparative relation be- 
tween my improved electric incandes- 
cent lamp, not as yet in trade, and all 
other lamps, which have newly been 
offered in the international market in 
this line; and I have accepted your 
kind offer as a full condonement in 
the premises, on condition that I be 
really permitted to state the facts of 
the case. 

I have no doubt that my statement 
will interest all professional engineers, 
since it relates to that, which I have 
ventured in my _ recently published 
book to call “The Electric Light of 
The Twentieth Century,’ and which 
by the many friends of mine (except 
one), who have handled my lamps, 
has been recognized as such, to my 


great satisfaction, at a time when I am‘ 


closely approaching the completion of 
my eightieth year of life, whether it be 
ae dreanr ora tact. 

During a period of half a century, 


when off and on I felt compelled to 
take part in scientific and technical 
public controversy, I learned, that the 
very first requirement in such con- 
troversies, consists in defining a pre- 
cise and rational terminology, and to 
do this in this case, seems peremp- 
torily indicated by the repeated use 
you have made in publication, as well 
as in private communication, of the 
designation: “Rare Metal Filament 
Lamp.” 

Science as well as technology has 
attached a very distinct meaning to 
the word “rare metals.” 


This designation was the result of 
certain oxides becoming prominent 
under the name of “rare earths” or 
“rare oxides.” From the latter des- 
ignation was derived the term “rare 
metals,” and therefore this designation 
is properly confined to the metals, the 
oxides of which, by their functional 
qualities have become and are now 
prominent as being used as material 
for Welsbach Mantles. 

No better authority for the meaning 
of the scientific or technical terms: 
“rare metal,” and “‘rarer-metal-oxides”’ 
can be wanted than the Smithsonian 
Institute has furnished at government 
expense in the pamphlet: “Vivian B. 
Lewis, Incandescent Mantles, Wash- 
ineton,« DG. 100r.,, 

And about these terms, the stated 
authority has the following: “The 
term, ‘rare earths’ is’ one of those 
anomalies which mar the vaunted pre- 
cision of science, as although it might 
be justly applied to the oxides of many 
metals—these ‘rare earths’ were gen- 
erally considered to be: cerium-, lan- 
thanum-, didymium-, yttrium-, erbium- 
oxides, together with some other even 
scarcer” though evidently of equiva- 
lent functional qualities. 

What these functional qualifications 
are in the matter of using these rare 
earths or rare-metal-oxides in connec- 
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tion with the electric incandescent 
lamp had by me been fully specified 
in an application of September II, 
1895, later on issued as Patent No. 
620,640, as follows: 

“First, infusibility at the tempera- 
ture of the filament under current; 
second, primary dielectric quality; 
third, peculiar adaptation to become 
incandescent at the temperature as 
stated; fourth, stability in composition, 
it being more practicable to comply 
with these four requirements in using 
and combining more than one kind of 
these ‘rare earths.’ ” 

These “rare earths” were practically 
introduced into the electric light in- 
dustry and trade by the “so-called” 
Nernst Lamp. Compare: The XXth 
Century Electric Light, Chapter III 
to VII. And the metals forming them 
are termed: “Rare Metals.” 


In co-ordinate classification, but on 
the basis, “rare metals” aside of and 
in addition to practical infusibility, of 
chemical affinity for oxygen, and with 
the understanding that mainly the 
metals of the co-ordinate other class 
are mechanically powderable in their 
native state (brittle), and of the high- 
est known specific gravity—there is 
now known in the matter of metals 
used in filament-making, the other 
class of metals in distinction from the 
base-metals to rare-earths, or rare- 
metals, which other class is specified 
by the term: “metals of the osmium- 
ruthenium class,” and qualified as: 
“of high point of fusion, and pos- 
sessing affinity for oxygen,’ and of 
these the ones of most prominent use 
are osmium and iridium in_ their 
natural alloy: iridosmine (Compare 
Bulletin 193 of Geological Survey). 


And though it is fully understood 
and admitted, that the line of division 
between the two classes is not a very 
sharp one, and that some metals com- 
bine the characteristics of both classes, 
and in consequence may be claimed as 
of both classes—the classification as 
such is officially and generally ac- 
cepted. For this no better evidence 
could be cited than the broad patent 
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for metal filaments, issued to me. only 
yesterday, the 13th of November, 
1906, the claims of which read as fol- 
lows: 


Claim— 1. In an incandescent lamp a 
permanent metal core covered with a film 
of other metal of less affinity for oxygen 
than the metal of the core, substantially as 
described. 


2. A filament for electric incandescent 
lamps consisting of a plurality of permanent 
layers of different metals of different 
degrees of affinity for oxygen, the metals 
of least affinity for oxygen being upon the 
outside, substantially as described. 


3. A filament for electric incandescent 
lamps consisting of a plurality of permanent 
layers of different metals of different 
degrees of affinity for oxygen, the center 
thereof being formed by the more infusible 
oxygenizable metals of which the filament 
is composed, substantially as described. 

4. In a filament for an electric incan- 
descent lamp, a conductive element con- 
sisting of metal having affinity for oxygen 
and high point of fusion coated with metals 
of less affinity for oxygen, substantially as 
described. 3 


5. A luminant for an incandescent electric 
lamp consisting of a conductive filament of 
layers of different metals, and a coating 
thereon of rare metals oxids, substantially 
as described. 


6. In a luminant for an incandescent 
lamp, a filament consisting of a metal core 
having a high point of fusion and affinity 
for oxygen, and a plating thereon of metal 
different from that of the core and having 
little affinity for oxygen, embedded in rare 
metals oxids, substantially as described. 


7. The combination in luminant for an 
incandescent electric lamp, of a core of 
metal having affinity for oxygen and high 
point of fusion, an insulating coat therefor, 
and a surrounding light-emitting body, 
substantially as described. 

If I now in a few words state the 
main facts in the history of my ap- 
plication, on which the patent with 
these claims was finally issued, I am 
induced to do so, not only by being 
cognizant of the fact, that by the 
nature of all surrounding conditions 
this history must be, and is, as such of 
the highest interest to every profes- 
sional engineer, illuminating engineers 
surely not expected, but also and 
mainly because by its, for eleven years 
delayed, issue exclusively it can be ex- 
plained, why an invention, ready for 
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an expectant market, and of the im- 
portance of the metallized filament in 
fact, with the practical proof on hand 
of its indisputable superiority over 
any other filament known in the art— 
did not present itself in the open 
market, until a plurality of “foreign” 
experimenters have been at work, and 
have, as you undertook to state, “ac- 
complished practical results, and made 
the rare metal (?) filament lamp a 
commercial entity,’ as you stated in 
your July issue, referring undoubtedly 
to. the Siemens Tantalum-Filament 
Lamp. 

When in May, 1904, I had publicly 
demonstrated the superior qualities of 
my metallized filament lamps, at Am- 
sterdam, N. Y., I was asked by one of 
the trustees of the corporation, which 
had my exclusive license for manufac- 
turing my lamps, the following ques- 
tion: “If we begin now to manufac- 
ture on a large scale, these Cazin- 
Lamps, and some of our employees, 
who have been taught by you to make 
these lamps, hire out to other bulb- 
lamp-factories, who then manufacture 
and sell them, possibly underselling us, 
can we stop them and claim dam- 
ages?” My answer then was, as it 
could not be any other: “To stop them 
and demand damages, the issue of pat- 
ent for my invention, as by me offic- 
lally disclosed on October 29, 1895, 
and by order of the examiners-in-chief 
divided out of my application of that 
date into a new one on February 2, 
1899, is required, but from the date of 
such issue, which in justice and fair- 
ness, cannot be refused to me for any 
material length of time, infringement 
can be stopped, unless under our 
agreement they pay royalty to you, 
becoming your sub-licensees.” 


What the inquiring trustees had sus- 
pected, scon became a fact, and my 
licensees were as helpless, in the mat- 
ter, as if they never had contracted 
for my license—but this had been well 
understood by the contracting parties, 
as the license itself fully demonstates, 
though my inquirer was apparently 
unaware of this state of affairs, and 
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since the patent in question had been 
allowed, once on March 2, 1901, but 
had been forfeited and renewed, there 
was no visible or intelligible cause for 
suspecting, that it would yet take over 
two years more, or eleven years in all 
for the patent to be issued. And it is 
not difficult to understand, why mv 
licensees broke their contract for the 
time being, and why my first act after 
issue of the patent has been to offer to 
them the renewal of the old exclusive 
license to them. 

The history of the case, patented on 
November 13, 1906, is as follows: 

My metallurgical experience made 
me discard, at an early date, the idea, 
that carbon will be the exclusively 
available material for filaments. Not 
to compromise any further action in 
the premises, I specified, in my very 
first application of December 7, 1892, 
the filament as of “carbonaceous or 
other semi-conductive material, in the 
form of a solid line.” “And in the 
same application I proceeded one step 
further and declared, “powdered meta} 
might answer my purpose, the metal 
in that state being what I call semi- 
conductive’ (p. 3 of Patent, No. 
523,460, of July 24, 1894). - 

This statement is plain evidence of 
my cognizance of the fact, that metals 
as such are conductive, and in con- 
sequence must be rendered semi-con- 
auctive to functionally serve as fila- 
ments, and I indicated the means pre- 
senting themselves first to my mind 
for so rendering them. As metallurg- 
ist I remembered, that there is a group 
of metals, distinguished by high tem- 
perature of fusion, and that these same 
metals in their native state are brittle 
and powderable, and also knowing, 
that a cohesive solid piece of metal is 
a better electric conductor than the 
same metal is, when pulverized, I 
inserted the cited statement into my 
first application for patent. 


I had not then, in 1892, thought of 
other instrumentality, such as exces- 
sive length of filament, for rendering 
the same less or semi-conductive, but 
when in 1897 it occurred to me, that 
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to carbonize a metal-filament, would 
reduce its electric conductivity, I made 
application for protection of the sole, 
exclusively practical method of doing 
this, namely electrolytical plating of 
the carbon-filament in its final form 
and soon ascertained by experimental 
work, (thats under «electrics currentyea 
mutual inter-impregnation of carbon 
and metal takes place, leaving a fila- 
ment of carbonized metal or, what 1s 
the same, of metallized carbon, viz.: 
a metallized filament. 

And when later, or in 1899, a third 
instrumentality for reducing the elec- 
tric conductivity of a metal-filament, 
or for rendering it semi-conductive, 
occurred to me, namely by means of 
excessive length, I applied for protec- 
tion by patent of a non-conductive 
support for a filament of excessive 
length (July 27, No. 725,283), having 
previously also protected my utiliza- 
tion of certain metals as filament-ma- 
terial by an.application of February 
2 GOO: 

In this statement relating to my im- 
provements of the glowers or filaments 
in electric incandescent lamps, I have 
omitted speaking of two other phases 
in such improvements, namely: 

1. The utilization of rare-earths or 
of the oxides of so called rare-metals, 
in these glowers. 


2. The use of a chemical-insulation- 
film between the different concentric- 
ally arranged different parts of such 
elowers. 

As to my priority in claiming the 
utilization of rare-metal-oxides (rare 
earths) in electric lamps attention 1s 
directed to my Patent, No. 620,640, 
issued on an application of September 
Id, £895. 

I there amply describe the material 
to be used by me, as an additional 
element in the use by my improved 
filament (page 2, lines 33 to 67) as 
follows: 


I preferably select as the substance for 
the second sub-element such material as 
complies with all the different require- 
ments that are conditional to its function 
—namely, first, infusibility at the tempera- 
ture of the filament under current; second, 
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dielectric or non-conducting quality in 
general and when heated to the said 
temperature; third, peculiar adaption to 
become incandescent at a temperature as 
stated, and, fourth, stability in composi- 
tion when heated in contact with other 
material or mainly with carbonaceous 
material. It being more practicable to 
comply with these four requirements in 
using and.,combining more than one kind 
of solid matter in forming the second 
subelement in the luminous body, I do not 
intend to limit myself to the use of only 
one kind or class of material in construct- 
ing the luminous body of my lamp, but I 
combine and arrange different materials, 
of which each in its place complies with 
one or more of the stated requirements 
whenever this appears as serving my pur- 
pose better in the making of the second 
subelement of the luminous body. It is on 
this account that I show the luminous body 
of my lamp as made up of different strata, 
which surround, inclose, or embed the 
linear filament or filaments. It is evident, 
therefore, that relative position only .and 
not the shape of either component part or 
of the whole luminous body is essential 
aside of the stated four qualities in the 
parts or in all of the materials that enter 
the second subelement. : 
But it was my fate, as it had been 
that of Welsbach, in 1885, in his first 
mantle-application, to mention the ox- 
ide of zirconium as representative of 
rare-earths , a conception, which he 
had entirely abandoned, when on Feb- 
ruary 23, 1887, he made his fifth ap- 
plication in the same subject-matter, 
never referring to zirconia again, ex- 
cept to state, that it be not greatly 
damaging, if a small percentage of 
oxide of zirconium be used as sub- 
stitute for some of the rarer earths. 
This mistake of mentioning zircon- 
ium as the standard of the, class was 
remedied by me on October 29, 1895 
(about forty days later), by my ap- 
plication of that date) on which Pat- 
ent 621,291 was issued on March 7, 
1899), by mentioning other metals 
which come up to the functional re- 
quirements to a far higher degree than 
zirconium. 
The patent states on its first page, in 
the second paragraph, as follows: 
“His application No. 481,231, - filed on 
July 24, 1893, further specifies the embed- 
ding solid matter as ‘a white, non-trans- 
parent solid, which becomes incandescent 
under the influence of heat,’ ‘such as 
Bioxide of Zirconium, and the Oxygen 
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compounds of Ebrium and Yttrium, and 
other oxides of the specific charcter and 
suitable for this purpose.‘” and (....Claim 
19.) “An electric incandescent vacuum 
lamp, in which the fiament is coated with 
Oxygenated metal of the Zirconium-class, 
such coating to become luminous and to 
increase the light-effect of the lamp from 
a given wattage per candle-power as 
against the light produced by a filament, 
without such coating, as and for the pur- 
pose set forth.” 

No earlier mention of the utilization 
of rare-earths in electric lamps for the 
increase of their light efficiency is in 


existence anywhere. 


What happened to my oxide-coated 
carbon, the result of quite different 
methods of deposition, was by me 
fully and rationally specified in my 
last-mentioned application of prior 
date than the one before the Exami- 
ners-in-Chief and under present dis- 
cussion. 

There we find on page 2 of the pat- 
ent, issued but about a month after the 
date of the decision under discussion, 
but applied for four years earlier, the 
following: 

The dimensions that I am dealing with 
in making up the luminous body or struc- 
ture are altogether extremely minute, and 
its component parts or elements’ or 
materials can in consequence not be other- 
wise than of extremely minute dimensions 
and cannot be of thicknesses that can by 
common means be measured, though in 
still so minute thickness they by their 
chemical and distinct nature perform the 
function to them assigned—ananiely, the 
function of insulation. 

When the carbon filament is coated very 
thinly with oxids of the stated nature and 
is subjected im vacuo to an electric current, 
simultaneous result of which is the forma- 
tion of carbon oxid and the deposition on 
the filament reduced both in volume and in 
conductivity (increased resistance) of a 
fine metallic skin or stratum, by means of 
which a compensating increase of con- 
ductivity (loss of resistance) is provided. 
If the operation is continued uptil the 
metallic skin is minutely thin as it mav be 
homogeneous. the reaction will cease. With 
an unreduced coat of oxid left or deposited 
ir a secondary manipulation the luminous 
body so prepared will consist of the 
insulated (chemically) filament and the 
stratum of oxids. If to the first coating of 
oxids some silicious or aluminous material 
—namely the formation of silicates or of 
aluminates, or of both, with the metallic 
oxids as bases. When in a first operation 


a metallic skin and an electrically insula- 
ting coat of aluminate or silicate has been 
formed and in a second operation a coat 
or stocking of oxids is applied, then the 
lusnous body or structure cousists of the 
chemically and electricallly insulated fila- 
ment and of a stratum of. the oxids, as 
specified. 

Here is stated the remedy—‘‘chem- 
ical insulation” required to produce a 
useful filament of carbon with a sur- 
face-coating of oxide, and the follow- 
ing claims of the patent give the true 
inwardness of the case. They read: 

8. In an electric incandescent vacuum- 
lamp, having suitable contact-providing 
and supporting-base parts, and am air- 
exhausted glass bulb, hermetically con- 
nected with these base parts, a solid body 
inside of the said glass bulb and supported 
by means of inleading wires, or by other 
supports in connection therewith, of which 
solid body a linear filament or filaments 
constitute one part, and of which body 
concentrical strata of different materials 
constitute another or major part, and 
which strata are so selected, that the 
material in the stratum next to the fila- 
ment, insulates the filament chemically 
from the outer strata, and that the material 
in the outer stratum or strata is made in- 
candescent by the heat emanating from 
the filament under current, as and for the 
purpose set forth. 

9. An electric incandescent lamp, that 
is made up of three main parts, namely 
of a contact-providing supporting part or 
parts, a glass bulb, inclosing an air-space 
and the third main part, which is in itself 
a separate body, supported on the base part, 
as a body or structure, of which a continu- 
ous linear filament or filaments of semi- 
conductive matter, that give off light and 
heat under current, are an embedded 
nucleus, which is completely incased by 
concentrical strata, the inner one of which 
insulates the filaments chemically from the 
outer stratum or strata, and the outer 
stratum of which consists of rare metal 
oxids, peculiarly adapted to incandesce by 
the heat given off by the filaments under 
current, and which are mixed and prepared 
or selected and prepared to properly per- 
form the function of increasing the light 
effect of applied energy, as and for the pur- 
pose set forth. 

Having demonstrated by the patent 


just issued to me on an eleven-year-old 
disclosure, my privilege to call the 
only real metallized filament Jamp the 
Cazin-Lamp, it remains for me to de- 
scribe what the lamp, as made, is, and 
what claims it has, to be called THE 
electric lamp. of the XXth Century, 
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in preference to all others, home-made 
and foreign. ; 

Not to exceed present demand, and 
not to abuse your kindness in allow- 
ing space for my statement, I shall 
confine my remarks on quality and 
achievement to the one kind of Cazin- 
Lamps hitherto made in large num- 
bers and publicly and authoritatively 
tested, but I beg leave to shortly men- 
tion also the kind, for which patent 
was issued on May 24, 1904, as well as 
to insert 1lustrations of both. 
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Porcelain fingers for the last-men- 
tioned lamps were made for me in 
1894, at the Empire China Works, at 
144 Greene street, Brooklyn, N. Y. 

The best description of the nature of 
this lamp is given in the 12th claim of 
my said Patent, No. 760,849, which 
reads as follows: 

12. In a luminant for electric incandesc- 
ing lamps, a dielectric heat-conducting sup- 
porting part, a heating-coil wound thereon, 
and adapted to heat said support when 
under current, a light-producing filament 
or thread mounted on said support said 
filament being composed of material which 
will offer a greater electrical resistance to 
the current at normal temperature than the 
heating-coil and which at the elevated tem- 
perature produced by said heating-coil, will 
become of less electrical resistance than 
said heating-coil to permit the current be- 
ing shunted through said filament to raise 
it to incandescence, for the purposes 
specified. 

This lamp is intended to be an im- 
provement on the present complicated 
so-called Nernst Lamp, and will prob- 





| of powder. 
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ably be the third Cazin-Lamp to go be- 
fore the public. 


As 1, I designate the simple MeErt- 
ALLIZED FILAMENT Lamp and as 2, 
the same with a surface of rare-earths. 


The fundamentally progressive step 
in my attempts to improve the bulb 
lamp, of existing art, consisted in sub- 
stituting the carbon and platinum of 
old in my filaments by metals, the 
temperature of which is high enough 
to render them functionally fit for re- 
taining form at the temperature of in- 
candescence. In this my metallurgical 
knowledge put me on the right road 
and made me cognizant, as early as 
1892, of the fact, that my selection had 
mainly to be from non-malleable, viz. : 


_powderable (in their pure or native 
state) metals. 


To make filaments of these metals 
then appeared as the next problem. 


_As a means of rendering them semi- 


conductive, I utilized them in the form 
To form a continuous 
material line of them, I first embedded 
them in a solid groove and cover 
(compare my Patent 523,460, of July 
24, 1894), but started on an_experi- 
mental course for discovering other 
means for making wire of non-malle- 
able metal, until I discovered the ex- 
clusively practical method for doing 
this, and claimed it officially as my in- 
vention on October 12, 1897, in the 
following words: 


“T consider as my invention the ar- 
rangement of a carbon filament ‘to 
form the negative pole in an electro- 
lytic bath in a loop-shape, similar to 
the shape, in which it is to be used in 
the lamp, without direct connection 
with the positive pole, such as used in 
the common flashing process.” 


It is worth considering, that the 
arrangement (method) is claimed, 
without limiting it to the use of the 
above-stated metals exclusively, my 
present practice including in such 
treatment, aside of the metals of the 
ruthenium-osmium group, those 
called “rare metals,” because they fur- 
nish the Welsbach rare earths, and I 
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then embed all in rare-earths, if so 
wanted, forming my lamp No. 2, by 
oxidizing these on their surface. 

While for years all my attempts to 
produce a metal filament, that be of 
acceptable qualities for substituting 
the carbon filament, had met with 
nothing but failures, as far as com- 
mercial acceptability was concerned, 
the bringing in of the products of 
electrolytic deposition, and their feasi- 
bility not only, but by the very specific 
qualities of these deposits solved all 
difficulties in the premises at once. 

I found no material difficulties in 
depositing thus any single metal of 
those that I had selected, but was also 
successful in depositing alloys in pro- 
portionate composition, such as by me 
intended. 

Since I introduced and published in 
many ways, though as yet not by go- 
ing into the open market, my improved 
metal-filament lamp, many attempts 
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have been made, and made amongst 
others by Welsbach and Siemens, to 
attain my results in other ways, while 
nobody to me known as yet has con- 
tested my inventor’s privilege in the 
lamp metallized by electrolytic depo- 
sition and subsequent adequate treat- 
ment. 

I insert the drawing, which accom- 
panied my above-cited disclosure of 
October 12, 1897, showing how I had 
overcome, previous to that date, the 
first difficulty met, when I inter- 
changed in a common carbon lamp my 
filament for the carbon, in the usual 
terminals. The terminals evolved ex- 
cessive heat and melted off—but when 
I had coated the terminals with metal, 
the same as the carbon, by immersing 
them into the electrolyte—increasing 
their conductivity—then no _ longer 
would overheating of terminals occur. 


Pe VE ES CAZIN: 
Hoboken, N. J. 
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LOCATION OF LAMPS AND ILLU- 
MINATING EFFICIENCY 
By Preston S. MiLtar, Member. 


Every problem to which the illuminating 
engineer directs his attention requires 
individual treatment. Its successful solu- 
tion demands of him ingenuity, good judg- 
ment and artistic sense no less than a 
knowledge of engineering principles and 
familiarity with the values and character- 
istics of artificial illuminants and acces- 
sories. In view of the importance of each 
of these, it is felt that no apology need be 
made in asking your attention to one 
particular feature of the work to the 
practical exclusion of all other considera- 
tions, however impossible it may be to ig- 
nore the latter in practice. 

It is the purpose of this paper to con- 
sider the relative efficiencies of four differ- 
ent methods of indoor illumination which 
are in common use today, using as a basis 
precise measurements of the intensity of 
illumination produced by incandescent elec- 
tric lanips used with various: fixtures 
variously placed. | 

Lack cf opportunity to carry out a series 
of tests for incorporation in this paper has 
made necessary the adaptation to our pur- 
pose of tests made at the Electrical Test- 
ing Laboratories with other objects in 
view. 

The conditions are not in every case just 
what one might wish, but it is hoped that 
the results may be of practical value. 

THE TEST ROOM. 

The experiments were made in a 
rectangular room, approximately 16 feet 
long by 11 feet wide and 1214 feet high. 
The ceiling and walls are finished in a light- 
buff color, the ceiling construction being 
steel girder and brick arch. The floor is 
painted light red. There are three 
windows, one of transparent glass 6 feet 
II inches high and 3 feet wide, one of 
translucent glass 5 feet 6 inches high by 2 
feet 6 inches wide, and one of translucent 
glass 5 feet 6 inches high by 2 feet 3 inchcs 


wide. Fig. 1 shows the plan of the room 
and the location of test stations at which 
measurements of illumination on a _ hori- 
zontal plane 3 feet above the floor were 
made. As no other measurements of illu- 
mination were made, this study will be con- 
fined to the particular. plane referred to 
without any reference to the effect upon 
the other portions of the room. 


LIGHTING INSTALLATION. 


In this room lamps have been installed 
for test purposes at various times as fol- 
lows: 

Ceiling Installation—Twelve 16-candle- 
power lamps in the ceiling, tip downward, 
one lamp located directly over each of the 


twelve illumination test stations, as shown 


in iow tT 
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Drop-Cord Installation—Six 16-candle- 
power lamps on drop cords, suspended at 
a height of 9 feet above the floor, directly 
over the illumination test stations Nos. 1, 
3,5, 7,9 and 11, as in Fig. 1. The peculiar 
arrangement of the lamps in this test was 
the result of considerations which are of 
no interest in this connection. 

Chandelier Installation—Four 16-candle- 
power lamps at a height of 7 feet 1 inch 
above the floor, placed in a chandelier sus- 
pended in the center of the room. The 
arms of this chandelier were approximately 
I foot 6 inches long. The lamp axes 
formed angles of approximately 45 degrees 
with the vertical. The chandelier arms 
were diagonal with the room. 
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Wall-Bracket Installation—Four — 32- 
candle-power lamps placed upright in wall 
brackets 7 feet above the floor, located 
symmetrically one on each of the four walls. 

All of the above lamps were of the oval 
filament type, and were operated at the 
voltage at which they gave their rated 
candle-powers. They were used alone and 
with reflectors and globes as stated here- 
after. 


PHOTOMETER. 


This is a Weber photometer in which cer- 
tain important changes have been made in 
order to obviate considerable errors. The 
illumination is received upon the circular 
translucent test plate which may be seen 
in the upper surface of the box upon the 
table top. This apparatus bears the fol- 
lowing meritorious features which are 
usually lacking in instruments with which 
intensity of illumination is measured. 

Instrument parts, and of necessity, the 
observer, are below the test plane; no 
objective interference with light coming 
from any direction. 

Test plane which does not vary suff- 
ciently from Lambert’s law of the cosine to 
introduce material errors in such tests as 
those recorded herein. 

Accuracy of measurements irrespective 
of direction from which light is incident 
upon test plate. 


EXPRESSIONS OF ILLUMINATING EFFICIENCY. 


All efficiency values are based upon the 
numerical averages of the figures rep- 
resenting intensity of illumination through- 
out the entire plane investigated, because 
the various test stations are located at 
the centers of equal areas symmetrically 
disposed. In considering these, it should 
be remembered that no comparisons can be 
drawn between the reflectors and globes 
used, since the installations were radically 
different. 


The three large factors to be con- 
sidered in determining the total effi- 
ciency of electric lighting are: The 


efficiency with which the energy 1s 
generated and transmitted, the efficiency 
with which the light is produced, and the 
efficiency with which the light is utilized. 
With the last two the illuminating engineer 
is intimately concerned. As respects a 
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particular lighting installation, the efficiency 
of the lamps as illuminators may be ex- 
pressed in “lux per watt.” Separate and 
distinct from this is the term “lux per 
lumen” which expresses the efficiency of the 
illumination irrespective of the efficiency of 
the lamps. Both are of use, but have not 
necessarily any definite mutual relation. 
The “lux per lumen,” being the ratio of the 
illumination to the flux of light, depend 
largely upon the location of the lamps, the 
nature of their distribution of luminous 
intensity .and the nature of the surroundings. 
The “lux per watt’ being the ratio be- 
tween the illumination and the energy 
absorbed, depend upon all the conditions 
which determine the “lux per lumen,” but 
in addition are a function of the efficiency 
of the lamps. The other expressions such 
as “lux per candle-power” and “lux per 
square foot of floor space” are frequently 
used in practice. 


EFFICIENCY OF ILLUMINATION. 

One of the important features of the data 
obtained by the test is the increased 
efficiency of illumination due to the use of 
reflectors in the drop-cord installation, where 
a gain of 46 per cent. in intensity of illumi- 
nation is made. The reflectors used in the 
chandelier installation are not so effective, 
the opal reflectors increasing the illumina- 
tion 17 per cent. and the prismatic reflec- 
tors 25 per cent. The smaller increase in 
illumination here observed is not chargeable 
to the nature of the reflectors, but is due 
rather to the fact that they are used upon 
the chandelier in the haphazard fashion 
common to stich practice, where the use of 
reflectors is dictated by a desire to make 
the chandelier look complete rather than to 
improve the illumination. 

The Holophane globes used in the wall- 
bracket installation were of the combina- 
tion type with reflecting prisms on the side 
nearest the wall and diffusing ribbings with 
directing prisms on the other side. Through 
a misunderstanding these globes, which are 
designed to direct the major portion of the 
light toward a zone slightly below the 
horizontal, were submitted for test when 
globes calculated to provide the best illu- 
mination at an angle of 45 degrees were 
prescribed. Failure to produce any material 
improvement in illumination with these 
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TABLE I. 





globes should, therefore,* be attributed to 
the fact that they directed a great portion 
of the light toward the opposite wall rather 
than toward the plane to be illuminated. 

In considering the effect of the position 
of the lamps upon the efficiency of the illu- 
mination, only the bare lamp installations 
have been taken into account. The efficiency 
secured from each installation is as in 
Fable. 

Further discussion of these differences in 
efficiency will be undertaken later. 


UNIFORMITY. 


Considered from the standpoint of uni- 
formity of lighting, a fair state of affairs 
will be found, except with the lighting by 
the chandelier installation. Here we find 
characteristic lack of uniformity which 1s 
somewhat increased by the use of both opal 
and prismatic reflectors. 


REFLECTION FROM WALLS AND CEILING. 


We will now consider the part which the 
walls and ceiling play in the illumination 
of this horizontal plane. It will be re- 
membered that these are finished in a light 
buff color so that their coefficient of reflec- 
tion will be neither extremely low nor 
extremely high. It will be remembered also 
that a small room is under consideration 
and that therefore the reflected light from 
the walls is of much importance as affect- 
ing the average intensity of illumination 
throughout the entire plane in which the 
measurements have been made. 

For the purpose in view the installations 
of lamps without reflectors will be con- 
sidered. When reflectors are used the 
problem is much complicated and _ con- 
clusions are more likely to be erroneous. 

The horizontal illumination produced by 
each lamp in a given installation at the 
point where each of the twelve test 
stations is located has been carefully com- 
puted, taking into consideration the candle- 
power which each lamp delivers in that 
particular direction, the distance of the test 


station from the lamp, and the angle at 
which the rays of light are incident upon 
the horizontal plane. The sum of these 
values at a particular test station is taken 
as the intensity of illumination produced by 
the lamps directly. The difference be- 
tween the total illumination and the illu- 
mination produced by the lamps directly 
is due to light reflected from the walls and 
ceilings. Table II. sets forth the data so 
obtained and shows the very great influence 
which the location of the lamps in this 
installation has upon the _ illuminating 
efficiency. With all other conditions con- 
stant, different locations of the lamps vary 
the reinforcing effect of the ceiling and 
walls throughout a range of from 45 to 166 
per cent. 

It will be apparent at once that in a room 
such as that described the factor K is a 
variable, the determination of which pre- 
sents serious difficulties. The extent of this 
variation will be appreciated when it is seen 
that with the factor 0.31 which obtains with 
the wall-bracket installation the effect of 
the reflected light from ceiling and walls 
is to increase the illumination by 45 per 
cent, while with the factor of 0.62 which 
obtains with the ceiling installation, the 
effect of the ceiling and walls is to increase 
the illumination 166 per cent. If then, an 
illuminating engineer should assume the 
factor of 0.62 for this room and should in- 
stall the lamps in such positions that the 
factor of 0.31 would apply, the effect would 
be nearly as bad as though the building 
engineer had installed 8-candle-power lamps 
when 16-candle-power lamps were pres- 
cribed. Yet it is not beyond the bounds 
of probability that the effect of the ceiling 
and walls should be so badly misjudged. 


REFLECTING EFFICIENCY OF THE CEILING AND 
WALLS. 


We shall base conclusions as to the re- 
flecting efficiency of walls and ceiling upon 
data obtained from the ceiling, drop-cord 
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AVERAGE INTENSITY OF ILLUMINATION AT TWELVE TEST STATIONS. 








Direct [lumina- Total Per Cent Increase 
Installation. tion from Lamps Illumination Due to Diffuse TS 
; (Computed). (Measured). Reflection. 
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Chandelier, 3s: 8.9 14.0 69% 0.36 
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Note—K is factor for wall reflections which appear in the formula E=e (——) 
TABLE II. 
and wall-bracket installations with bare and walls being considered the ratio be- 
lamps. The total flux of light frota bare tween the lumens which they deliver upon 


lamps used in each installation has been 
analyzed to determine the total lumens 
which provide the direct lighting on the 
plane under consideration, and the totai 
lumens which fall upon the ceiling and wails 
above the plane. This yields the interesting 
information that only from 5 to Io per cent 
of the total light emanating from the lamps 
goes toward the direct illumination of the 
plane. In the case of the drop-cord installa- 
tion, 8 per cent of the light is effective in 
this manner, while 92 per cent. is directed 
toward the ceiling and walls above the 
plane. After more or less multiple diffuse 
reflection the portion of the latter, which 
is not absorbed, finally assists in the illu- 
mination of the plane. This 92 per cent., 
if directed at the plane, would have in- 
creased its Ulumination by about I150 per 
cent. The portion of it which finally 
reaches the plane increases the illumina- 
tion by about 113 per cent. Each lumen 
which might have produced 0.09 lux now 
produces 0.008 lux. Ninety per cent of the 
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FIG. 2. 


light which falls upon the ceiling and walls, 
or 83 per cent of the total light generation 
is absorbed by the ceiling and walls. 

For the purpose of this discussion, the 
efficiency of the direct lighting on the 
plane investigated will be considered as 190 
per cent. The net efficiency of the ceiling 


the plane (as judged by the illumination 
which they produce) and the total lumens 
directed toward them from the lamps is, in 
the case of the drop-cord installation, 9.7 
per cent. The foregoing information with 
similar data for the ceiling and wall-bracket 
installations appears in Table III. 

Table III shows that the wall-bracket in- 
stallation secures a larger proportion of 
direct lighting than do the other install- 
ations, but it shows, on the other hand, that 
the light which is directed toward the ceil- 
ing and walls from the wall-bracket instal- 
lation is more largely absorbed before 
reaching the plane to be illuminated than 
the light falling upon the ceiling and walls 
from the other installations. This is prob- 
ably due to the fact that the general trend 
of the bulk of the reflected light from these 
lamps is along the walls horizontally, while 
with the ceiling and drop-cord installations 
the general trend of such reflected light is 
downward toward the plane to be illumin- 
ated. 


GENERAL CONCLUSIONS. 


From the foregoing it appears that in 
the room described with different locations 
of bare lamps: 

1. The relative illumination in terms of 
that produced by the ceiling illumination 
varies from II5 to 194 per cent. 

> The increased illumination on the 
plane investigated, due to diffuse reflection 
from ceiling and walls varies from 45 to 
166 per cent. 

3. The factor K varies from 0.31 to 0.62. 

4. The net reflecting efficiency of the 
ceiling and walls varies from 4 to 10 per 
cent. 
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INTERPRETATION OF MEASUREMENTS OF ILLU- 


MINATING EFFICIENCY. 


In this connection it is important to 
note that the determination of intensity of 
illumination is attended by many practical 
difficulties which do not enter into ordi- 
nary photometry, and is therefore more 
liable to error. Results of illumination tests 
are not worthy of consideration unless ac- 
companied by a detailed description of the 
installations under test, a statement of the 
conditions of the installation and a state- 
ment of the conditions affecting the meas- 
urement. 

Reliable measurements of illumination are 
of great value as leading to a proper analy- 
sis of the results obtained under given con- 
ditions. However, on account of the large 
influence which local conditions and ar- 
rangements exercise, it is absolutely unsafe 
and inadmissable to attempt from data ob- 
tained in illumination tests to draw conclu- 
sions as to the relative or absolute values 
and efficiencies of the light sources even 
though the accuracy of the tests be beyond 
question. 

It would seem unnecessary to lay empha- 
Sis upon so obvious a point, were it not for 
the fact that reputable writers in our tech- 
nical press have deduced from measure- 
ments of illumination, under a_ particular 
set of conditions, values purporting to show 
the relative efficiencies of the illuminants 
tested. 


—____. 


FIXTURE DESIGN AND LOCATION 


By MAJOR ELL ZiACINS Ke Ue oe ae 
Member. 


The design of fixtures for electroliers is 


left, in a large measure, to manufacturers, 
most of whom appear to give but little 
thought to securing efficiency of illumina- 
tion. - Economy ‘as. to -the construc- 
tion of the fixtures, or of the cost of the 
resulting illumination, appears to be. en- 
tirely beneath them, except in cases of ac- 
tive competition when they may attempt to 
lower the cost of fixtures. If the resulting 
illumination happens to be sufficient, it 15 
ordinarily secured by the most wasteful ex- 
penditure of current. But the fixture mak- 
ers do not pay these continuing bills. 


It is the especial role of the illuminating 
engineer to secure proper lighting, avoiding 
uncomfortable physiological conditions at a 
minimum outlay for current or gas. It is 
this consideration that renders advisable to 
give first consideration to fixture design 
and the location of fixtures. 

In times past it was the custom to ac- 
knowledge frankly the necessities for suit- 
able lighting, by the use of chandeliers 
more or less elaborate, suspended some dis- 
tance below the ceilings, and by numerous 
brackets carrying one or more lamps at- 
tached to the walls, central posts and pil- 
lars. No attempt was made to. conceal 
them. In this way the lights ordinarily 
furnished a moderate degree of illumination 
somewhat commensurate with the expendi- 
ture of gas or electric current, as the lights 
were thus brought near to the planes where 
required. 

But in these latter days the tendency has 
been either towards very wasteful indirect 
lighting, or to placing the electric lamps up 
close to the ceiling, or even above the same, 
at needlessly great distances from the plane 
where the illumination is required. Often, 
not being content with this unfavorable lo- 
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cation, the lamps are covered with the 
large glass beads, well fitted to aid in de- 
stroying the little light left available. 


An exaniination into the laws governing 
the intensity and distribution of light here 
appears desirable. It is a fundamental law 
that the intensity at any distance from the 
source of light is inversely as the square uf 
the distance. This assumes a radiant point 
of light as being the source. In other 
words, the intensity of illumination at vari- 
ous distances from the source is thus com- 
puted in the attempt to secure definite il- 
lumination. The lighting arrangements are 
then made to conform to this, some allow- 
ance being made for the color tone of the 
walls and ceilings. A-modified formula will 
have to be used where the source of light 
is not a point, as for example, in the cases 
of the Cooper-Hewitt and Moore tubular or 
similar lights, which may be said to have 
more than one dimension. 


There is some question as to the strict 
applicability of the law of inverse squares 
to the cases where reflectors are used, even 
with single incandescent lamps. But unless 
these reflectors are in whole or part of the 
parabolic type, securing a reflection approx- 
imately paralleb to the axis, the law of in- 
verse squares niust still apply, approxi- 
mately at least. 


In cases where the reflectors are partially 
parabolic, the law of inverse squares will 
apply to the angles outside of the axial 
angle, the rays of light being parallel at the 
latter. 


Generalizing, three cases may be as- 


sumed: 


1. Reflectors parabolic throughout, where 
the law of inverse squares will not apply 
at all. 

2. Reflectors partially parabolic, where 
the law will apply to the extraneous angles, 
but does not apply to the axial and imme- 
diately adjoining angles. 

3. Ordinary conical and dome-shaped re- 
flectors where the law of inverse squares 
practically applies throughout the field, but 
must be based on actual photometric meas- 
urements at different portions of the field. 

We may now assume that the reflectors 
used are not in part or wholly parabolic. 
Taking a concrete case, computations made 
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on the basis of the law of inverse squares 
would indicate as follows: 


The height of ceiling is taken at 16 feet. 


_ The plane to be illuminated is taken at 3 


feet above the floor, or 13 feet below the 
ceiling. 

Assuming an intensity of 16-candle-power 
at I foot distance, we have available at 

4 feet — 1.0-foot candle 
5 feet —0.64-foot candle 
6 feet —o0.44-foot candle 
7 feet — 0.32-foot candle 
8 feet — 0.25-foot candle 
10 feet —0.16-foot candle 
13° feet —o0.09-foot candle 

The illumination demanded for ordinary 
good print reading is 1-foot candle; for 
newspaper -print 2-foot candles; for the pos- 
tal service 4-foot candles, and for drafting 
10-foot candles. 

Assuming the 2-foot candle at the plane 
3 feet above the floor as the basis, if the 
light were placed at the ceiling, 338 candle- 
power would be required to secure the re- 
quisite illumination at the 3-foot plane. 


At 4 feet below the ceiling, this would be 
reduced to 162 candle-power, or a little less 
than one-half. 

At 6 feet below the ceiling it would be 
reduced to 98 candle-power, or less than 
one-third. 

At 8 feet below the ceiling it would be 
reduced to 50 candle-power, or less than 
one-seventh. It is thus seen how very 
wasteful much of the usual lighting fixture 
arrangements are in the available illumina- 
tion. 

It is obviously desirable from considera- 
tion of economy and efficiency of illumina- 
tion to place the lights as low down and as 
near the plane to be illuminated as possible, 
the gain thus secured increasing very 
rapidly. But various other considerations 
serve to limit and modify the extent of the 
lowering which is practically possible or de- 
sirable. 

The high intrinsic brilliancy of the clear 
prismatic glass reflectors, in the axial 
angles, renders it necessary for comfort to 
raise the lamps high, to avoid the uncom- 
fortable glare incidental thereto. The higher 
candle-power obtained at the axial angles 
renders this feasible, but this results in a re- 
duced illumination at the extraneous angles. 


....tensity. is minimized. 
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Diffusing reflectors having a lesser intrinsic 
brillancy may be placed lower and nearer 
the eyes without injury to the latter. 


The law of inverse squares has applica- , 


tion not alone in the height of placement of 
fixtures, but has also direct application in 
the matter of most advantageous subdivi- 
sion, lateral distribution and number. 


Considerable variation in the maximum 
and minimum of the illumination becomes, 
for physiological reasons, most “disadvan- 
tageous. The retina of the eye quickly 
adapts itself to the brightest lights, reduc- 
ing its opening accordingly. Where adija- 
cent zones are of a comparatively lower in- 
tensity, they thus are made to appear rela- 
tively darker, and the illumination conse- 
quently becomes more ineffective in secur- 
ing distinct vision of details. 


For these reasons a more uniform illum- 
ination is desirable, with an avoidance of 
high intensities and a lessened variation be- 
tween the maximum and minimum. By the 
use of the smaller units the variation in in- 
It is, therefore, more 
advisable to have a larger number of 
smaller units, well distributed, than a 
smaller number of the larger units. The 
small units also secure an avoidance of deep 
shadows which are detrimental to clear vi- 
sion and a due appreciation of the propor- 
tion and relation of objects in the field of 
vision. 














ET Gaels 


The lamps must be well above the head 
and eyes. A distance of 8 feet from the 
floor is assumed as a minimum height, giv- 
ing ample head room and being above the 
direct vision of the eyes. 


Fig. 1 gives the distribution curves of 
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two kinds of reflectors. Curve 1 is 
of a plain prismed glass reflector, and curve 
2 that of the same reflector with a diffusing 
backing. It is seen that the latter in this 
case gives superior results, both in the axial . 
and the extraneous angles, to those from 
the plain prismed glass. The diffusing re- 
flector is on a parity with the plain pris- 
matic when at about 4o degrees on either 
side of the horizontal. This, of course, be- 
speaks for the former a superior distribu- 
tion and more efficient illumination. ©~ 


A good general illumination is of the 
first consideration, but may be of a very 
moderate intensity according to the general 
conditions. But besides this, there should 
be provided locally, illumination of higher 
intensity to provide for special conditions. 


The illuminating engineer not infre- 
quently meets with difficulties in making his 
designs in accordance with the requirements 
for proper illumination, because of the fact 
that not infrequently the wiring has been 
done independently. It is obviously desir- 
able to have the wiring done under plans 
made by the illuminating engineer, who can 
thus design the arrangements untrammeled 
by unsuitable wiring. 


FIXTURE LOCATION IN RESI- 
DENCE LIGHTING 


By F. N. Oucotrr, Member. 


In taking up the subject of residence il- 
lumination and location of residence fix- 
tures, we enter into a field that has no set 
rules, owing to different tastes of owners 
and their varied ideas of illumination. 
There is a great similarity among average 
resideices. They usually comprise a vesti- 
bule, hall, parlor, dining-room, library, bed- 
rooms and other less important rooms. 
Each of these rooms has accepted types of 
fixtures, which have been developed in 
meeting the general requirements and the 
urgencies of mechanical construction, but in 
details of design they are unlimited. In the 
use of candles, oil and gas the fixtures had 
to be constructed so as to eliminate as far 
as possible the chance of burning or damag- 
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ing the ceilings and walls, which caused the 
center fixture to be hung as far as possible 
from the ceiling and the brackets to be ex- 
tended considerably from the wall. The 
chandeliers and brackets gradually  in- 
creased in size until they became the most 
prominent feature in the room and dwarfed 
its size. These facts were lamented, but 
had to be accepted with the means of illum- 
ination then available. The question of il- 
lumination was left entirely to the owner, 
who could use as many burners on each fix- 
ture as he was willing to pay for and who 
usually selected the design. Frequently a 
purchaser would select one design and use 
it throughout his house, simply varying the 
number of lights. An exception to this was 
the hall, where a lantern was invariably 
used. Others made an exception of parlor, 
library and dining-room. 
burner furnished with the fixture did not 
supply him with enough light he experi- 
mented with the newest burner that claimed 
the greatest amount of candle-power, with 
only one thing in mind—to get as much 
light from one source as possible. The de- 
signer was not hampered as to the number 
of lights he put on a fixture, and could use 
any number. 


The introduction of electricity has 
changed the conditions previously existing. 
The danger of fire and smoke is practically 
eliminated at the light and the designer is 
given an opportunity to create a lighter and 
more graceful fixture, gradually doing away 
with the old type chandelier and developing 
the present ceiling electrolier. This gives a 
far more pleasant illumination, as the 
source is above the normal line of vision 
and the eye is not offended by the glare of 
the lamps. It also increases the apparent 
size of the room and sets off the decora- 
tions to a better advantage. When the hang- 
ing fixture is necessary for use or decora- 
tive purpose, the lights can be better 
screened and the fixture kept in proportion 
to the room. This is undoubtedly one of 
the reasons of the popularity of electric 
lighting over gas, the gas simply being used 
for emergency purposes and preferably on 
the side-brackets and in the service por- 
tion of the house. 


To properly light a residence with elec- 
tricity, the first and most important princi- 


If the ordinary © 
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ple is to have the wiring properly installed 
with a full allowance of lights for each out- 
let, and the outlets carefully located for ef- 
fective illumination of the entire room and 
with the light so controlled by switches that 
the owner can conveniently use as many cr 
as few lights as is desired. The proper al- 
lotment of lights at the time of installation 
is consequently of the utmost importance. 


The real problem in residence illumina- 
tion is to create an efficient illumination 
without a glare at the source. This cannot 
be done if the lighting of the room depends 
upon a few lights of large candle-power. It 
therefore necessitates the use of a number 
of units of small candle-power, and_ this 
consideration should be given. careful 
thought by the architect and illuminating 
engineer when laying out the wiring. It is 
very difficult to make any change after the 
residence has been completed, and poorly 
designed wiring layout may prevent the fix- 
ture designer from securing a satisfactory 
illumination, as the fixtures have to be sup- 
plied with lights within the wiring specifica- 
tions in order to obtain the underwriters’ 
certificate. The owner is then. forced to 
put up with an insufficient amount of light 
or to exceed the specified capacity of the 
wiring by using a larger candle-power lamp. 
This procedure, aside from the risk from 
violating the rules, will not give a pleasing 
effect. 


Insufficient and misplaced outlets are met 
with very often and are one of the greatest 
hindrances to the fixture man in the execu- 
tion of his part of the work; at the present 
time the fixtures are the last thing consid- 
ered. When the question of fixtures is taken 
up, the house is practically completed and 
to make any changes would mean the tak- 
ing up of floors and often the cutting of 
walls, to which the owner will rarely agree. 
I feel that the members of this society can 
do much to overcome this condition, the 
main reason for which is the keeping down 
of the cost; but I feel confident that in 
nine cases out of ten, if the necessity for 
more wiring and switches is properly ex- 
plained to the owner, he will not hesitate 
at the expense. I cannot recall an instance 
when he has not blamed the architect or 
electrician for any shortcomings in this 
line, and a little insistence at the right time 
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would have saved them censure and given 
the owner the proper lighting and switching 
conveniences he is entitled to, without the 
extra. cost and annoyance in making 
changes. 

A residence can never be illuminated on 
the principle solely of so many candle- 
power to a square foot, as there will al- 
ways be a necessary waste of light in con- 
nection with decoration, which depends on 
the taste of the owner, and this factor 
should be carefully considered at the time 
of installation and the owner impressed 
with its importance. 

The present tendency is toward wall 
brackets. These should be _ distributed 
around the room so as to overcome all 
shadows, permit of a shaded light, and yet 
give enough illumination to supplement the 
ceiling fixture in complete illumination. The 
public is getting more fastidious in regard 
to the interior of their homes and more 
particular as to the carrying out of their own 


ideas, yet they are usually simply guided 


by the architect, decorator or fixture man. 
This condition prevents’ any generalization 
as to residence fixtures, but the main object 
should be to have the fixture part of the 
general scheme of the decoration of the 
room, and each room should receive its 
share of attention. 


The fixture with the light at an angle has 
practically been done away with in the bet- 
ter residences on account of the unpleasant 
effect on the eye, it having been found that 
a more satisfactory effect is produced with 
the lights either up or down on both the 
brackets and ceiling fixtures, as this per- 
mits of shading the lamp from the eye by 
means of decorative shade. Installing a 
lamp upward on the bracket has proven to 
be the most practical method for general 
use, for then with the ordinary open-glass 
shade the lamp is screened from the eye 
and its light reflected on the ceiling, which 
adds to the general illumination. In the 
case of the ceiling fixture, the lamps can be 
enclosed in a decorative manner when de- 
sired. 


DISCUSSION. 


Before beginning the regular order of 
business President Marles called upon Mr. 
Forestall, the newly elected chairman of the 
New York Section of the Society to make 


iumination. 
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a few remarks. 
as follows: 


The tendency throughout the country in 
the last few years seems to have been to 
bring the gas and electric companies together 
separately, without bringing the gas and 
electric men together in any society. As I 
read the signs of the organization of this 
society, it is going to be a place for gas and 
electric men to get together and tell each 
other what each can do. It is also going to 
be a good thing for the public, it seems to 
me, because, as I understand it, our object 
is to show the public how they can get the 
most light for their money. I have always 
held that the gas company, or the electric 
light company, that taught the consumer to 
get twice the amount of light that he was 
getting before from the same amount of 
gas or electric current, was really cutting 
the price of the gas or the current that he 
had to furnish, and that when you come to 
consider the cost of service to a community 
the important item of that cost is whether 
the company—or the municipality, if it is a 
municipal plant—is teaching their consu- 
mers how to get the most for their money. 
In the course of my investigation I have 
found many companies that do that, but I 
have never found a municipality that did. 
That is one of the strong points against 
municipal ownership in considering the 
cost to the consumer. Now I think that 
this society has a great field before it in 
reducing the cost to the consumer without 
reducing the income to the company, and I 
hope we will be able to work out that 
future. 


Major Zalinski said that as he had some 
question of his ability as an extemporaneous 
speaker he had jotted down a few remarks 
on Mr. Millar’s paper, which he read, as 
follows: 


Mr. Millar has given us data which will 
aid iluminating engineers in determining 
definitely what is requisite for any desired 
Coming from one who has 
devoted so much attention to this subject, 
the paper is more than ordinarily instruct- 
ive. The data given is hardly obtainable 
elsewhere. The investigation in so concrete 
and thorough a manner of the distribution 
of the illumination is unique and must be 
successful. 


We are fortunate in having available the 
very complete installation of the electrical 
testing laboratories and its competent staff. 
I can testify from nearly three years’ ex- 
perience as to their conscientious thorough- 
ness. During this time I have had occasion 
to place before them a variety of questions 
on illumination and illuminating appliances. 
The results so obtained have determined 
the trend from time to time of any further 
investigations. They have enabled me to 
decide as to the line of development likely 


Mr. Forestall spoke briefly 


THE ILLUMINATING ENGINEER. 


to secure the better results. If I have any 
adverse comment to make it is that 1 
thought them to “lean backward” in the 
direction -of over-conscientiousness, But 
this trait presented assurance that my in- 
dividual results and counsels were also kept 
inviolable. 

I am compelled to call attention to one 
particular poition of the paper broaching 
on my own investigations. This is em- 
bodied in the latter part of Table 2— 
page 7. 

I have already had measurements made 
in my own behalf with clear prismed glass 
reflectors and with diffusing (coated) re- 
flectors of similar dimensions and angles of 
opening. But I saw for the first time, in 
Mr. Millar’s paper, the comparative data 
obtained with opal and other reflectors. 

I have reason to be satisfied with the 
more uniform distribution, and the much 
lesser variation as between maximum and 
minimum illumination securable with the 
diffusing reflectors. The investigation of 
Table 2 will make the extent of this obvi- 
ous. 

Some of the data given is not in some 
ways quite comparable with that obtained 
for me. In the investigations made in my 
behalf, variations between maximum and 
minimum were as follows: 

Clear prismed glass reflectors, 122.1%. 
Diffusing (coated) reflectors, 73.6%. 
Or a change of 48.5%. 
Or a gain of 65%. 

The results as given by Mr. Millar, both 
for the opal and clear prismatic reflectors, 
far exceed this relative change. As pre- 
viously indicated, this greater change may 
be ascribable to the particular conditions of 
these latter investigations. But the results 
of these are of value. 

Illuminating engineers are under great 
obligations to Mr. Millar in having placed 
before us this valuable data and paper. 

Mr. J. H. Halberg called attention to an 
important point in the address of the local 
chairman, namely, the co-operation between 
the society and the electric lighting and the 
gas companies. It is of course necessary 
for us (illuminating engineers) in the first 
place to secure for our clients the lowest 
possible cost of electric lighting; whether 
we have to consider the effect of the saving 
on the earnings of the lighting company, 
is another point. It is of course well to 
work together; at the same time where we 
secure our fee we are supposed to exhibit 
our energy and produce results. The ques- 
tion of reducing the cost of lighting to the 
consumer is a very important one; by giv- 
ing.the consumer a lower cost for his light- 
ing we induce him to use more light and at 
the same time secure better results. 

Mr. Olcott’s suggestion of using the 
lamps on chandeliers in a vertical position, 
whether turned up or down, he considered 
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a very important one, because of the intro- 
duction of the higher efficiency in incandes- 
cent lighting-units, which will require the 
placing of the lamps further down. From 
his observations in the last couple of years 
he had been able to reduce the cost of elec- 
tric lighting in some instances as much as 
50 per cent. without an expenditure of per- 
haps more than 10 or 20 per cent. of the 
saving effected. 

Mr. E. Y. Porter took up the question of 
the illumination of the ceilings and walls. 
It seemed to him from the practical point 
of view—and the tests brought out by Mr. 
Millar simply seemed to bear it out scien- 
tifically—that while the increase in the illu- 
mination on a horizontal plane due to re- 
flection from the walls and ceilings is very 
great, that the improvement in general effect 
is perhaps even greater. In a great many 
cases the illumination is not only for the 
purpose of lighting a particular horizontal 
plane, but for lighting the room as a whole, 
the walls and ceilings, as well as the floor 
and desk, or whatever may be there. Both 
from the artistic and utilitarian standpoints, 
as well as to prevent great contrasts of light 
and darkness and their effect upon the eye, 
it therefore seems to him that the use of 
shades, or arrangements of lamps, of any 
form of lighting, which throws all the light 
downward is not necessarily the best, nor 
the most practical, nor the most artistic. 

With regard to the law of inverse squares 
and parabolic reflection, he suggested that 
the size of the parabolic reflector would 
have a great effect upon the law, when used 
with incandescent lamps or light sources 
which are not strictly a point, because the 
variation from the point source would be 
relatively much less in the case of a large 
parabola than in the case of a smaller, so 
that even in the case of an incandescent 
lamp, if it were a small reflector it might 
throw the light in a number of ways, 
whereas if the reflector were large it might 
follow the inverse squares law. 

He believed that uniformity has a great 
effect upon the actual illumination required 
for various lines of work, and referred par- 
ticularly to the figure of 10-foot candles 
given for drafting purposes on page 3. He 
had had occasion to do some drafting where 
the illumination was nowhere near 10-foot 
candles, but by having it very uniform, 
without any chance for direct reflection 
from the surface of the paper, and having 
all the space about uniformly lighted, the 
ease of working was as good as—muich 
better, in fact, than where a much more in- 
tense illumination was afforded by a single, 
or one or two intense sources of light. 

Dr.-G He Sharp took up. the reflector 
question which has just been mentioned. 
He thought that while, in one way, the 
classification which Major Zalinski had made 
of reflectors was of value, yet we should not 
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lose sight of the fact that the inverse 
squares law applies to all reflectors, para- 
bolic or otherwise, which can be practically 
used, provided only that you go far enough 
away from your reflector to make your 
measurements. Within certain regions near 
the reflector the inverse squares law does 
not apply; if you go far enough away, it 
does. In the case of the searchlight we 
have the parabolic mirror, and at the focus 
of the mirror is the end of the positive car- 
bon of the arc. The source of light is the 
crater of the arc. Now this crater is pretty 
small compared with the area of the whole 
reflector, but the actual practice is to meas- 
ure searchlights in accordance with the in- 
verse squares law, only we must go a mile 
or two away to have the inverse squares 
law work. That is to say the virtual lumin- 
ous source is not in that case where the arc 
is, but at a point back of the reflector. In 
other words, we must go far enough away 
so that the whole surface of the mirror be- 
comes to all intents and purposes a point of 
light; then our inverse squares law holds. 
Now, in actual cases of measuring reflect- 
ors we have to use them at distances which 
are comparatively short, and within these 
distances the inverse squares law would 
probably hold in very few cases. 

We can, however, make measurements 
which are useful and valid for such cases 
by measuring the intensity at a certain dis- 
tance from the reflector. This intensity is 
not the true candle-power, because the in- 
verse squares law does not hold, but is an 
apparent candle-power; so that results of 
this sort should be expressed, not in actual 
candle-power, but in apparent candle-power 
at a certain distance from the reflector, and 
we must always give the distance. Then we 
are free from complications of this sort. To 
be sure, we cannot use data of that sort 
in drafting correctly another candle-power 
at another distance. In order to do that 
we must know the conditions and circum- 
stances. But in moderate distances, if we 
don’t go too far, the inverse squares law 
holds with a fair degree of approximation, 
and can be used for the ordinary purposes 
of- illumination. 


A distinction was made between reflectors 
that are parabolic throughout and reflectors 
that are partial reflectors, etc. This is not 
very useful from the standpoint of the illu- 
minating engineer, because, whatever, the 
shape of the reflector, the inverse squares 
law is not going to hold, if you are too near 
to it; and, as has been pointed out by the 
author of the paper, if we use an incan- 
descent lamp with a reflector there is only 
one point that is going to be focused. 

Mr.G. V. Williams wished to ask. Dr. 
Sharp whether he thought that there should 


be some chaiige of design of incandescent 


lamp filaments for the purpose of meeting 
the needs of the engineer. The development 
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of the filament has been quite interesting. 
The general type is the oval loop, but there 
have been some experiments made in other 
directions, particularly in getting a uniform 
distribution of light. Some filaments have 
the light very much localized as in the case 
of the two- or three-coiled; but the new 
lamps, such as the Tungsten, will have the 
filament much longer, and the distribution 
of light will be almost altogether in a hori- 
zontal plane; the tip candle-power will be 
almost nothing. Such a form is necessitated 
by the character of the filament, and the 
conditions under which we have to work 
in anchoring it to get the necessary rigidity. 
It may not be possible in that type of fila- 
ment to get a concentrated light, and before 
these lamps occupy the field exclusively, it 
is desirable to know whether there is any 
necessity of change from the form of the 
carbon filament. 

Dr. Sharp replied that he did not con- 
sider that it was of sufficient importance to 
justify a change in incandescent lamp fila- 
ments. He wished to point out that if an 
incandescent lamp filament is so designed 
that it gives a relatively large proportion of 
light down, it sends also a relatively large 
proportion of light up into the base, where 
it is pretty hard to catch by any method at 
present known. ES i 

Mr. Williams thought that if the bases 
are attached with plaster of Paris the co- 
efficient of reflection would be rather large. 

Mr. E. L. Elliott stated that while Mr. 
Millar’s paper as read was certainly most 
interesting and valuable, he had reason to 
believe that the writer had not shown’ his 
entire hand, but had some data up his sleeve 
that would prove as interesting as any that 
he gave, and certainly of equal value, and 
that he did not think it would be any breach 
of confidence if that information were 
given. she) 

The President called upon Mr. Millar to 
give the information. 


Mr. Millar then stated that he had suc- 
ceeded in getting nine gentlemen to give 
estimates as to the effect of the ceiling and 
walls upon the illumination of a horizontal 
plane three feet above the floor. He was 
only able to get them to give estimates on 
the percentage of increase in illumination 
which the ceiling and the walls would pro- 
duce in addition to the lighting from the 
lamps direct. The table in the paper shows 
that, by actual measurement, this propor- 
tion of increased illumination due to the 
ceiling and the walls varied from 45 to 166 
per cent with different. locations of lamps. 
The estimates made by practical illuminat-. 
ing engineers were as follows: | 

I5 per cent, 20 per cent, 33 per cent, 60 
per Cente se pets Cenut. 

Estimates from electrical engineers were. 
as follows: - 

100 per cent, IO per cent, 100 per cent. 
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A physicist who happened along at the 
time gave his estimate as 60 per cent, and a 
fixture manufacturer estimated it as 30 per 
cent. He considered that it was a pretty 
good indication of the necessity for careful 
measurement of illumination after it has 
been laid out, and a demonstration also that, 
at least today, we are not able to estimate 
this with sufficient accuracy for practical 
purposes. 

Mr. Porter asked Mr. Millar if any of 
these gentlemen took into consideration 
the difference in the increase due to dif- 
fusion between the different systems of 
light ? 

Mr. Millar replied that two of the illu- 
minating engineers did raise that point, 
and then following it up changed their 
estimates a little for different locations of 
lamps, but in both cases their change was 
in the wrong direction. 

Dr. Sharp, referring again to the sub- 
ject of reflectors, said that Dr. Dennett 
remarks regarding the geometric optics of 
the parabolic reflector were quite true, if 
you take only one point; but if you take 
even the smallest Jight-source you have an 
infinite number of points; in other words, 
you have a surface, and the beam of light 
which you get from a projector cannot 
be a beam of parallel rays, but will diverge, 
and therefore decrease with the distance, 
unless brought to a focus; and then _ be- 
tween the projector and the focus the 
intensity of the beam increases, and be- 
yond that point it decreases. So that if 
you adjust your reflectors as nearly as you 
can to give parallel rays, the beam is really 
divergent, on account of the fact that you 
have not a point source of light; conse- 
quently if you go far enough away you will 
encounter the law of inverse squares; but 
you have to go a long way off. 

Dro Dennett: remarked that. if -it- is 
practically a parabolic reflector it is so 
near the ideal conditions that the law of 
inverse squares does not count for much, 
because the beam ‘increases in’ such an 
indefinitely small ratio as to give practically 
the same result. If the ideal conditions 
are not near enough to work with some 
degree of approximation to what they ought 
to be, you should not call it a parabolic 
reflector, because that is not what you are 
using. 

Mr. Elliott said that a year or two ago 
the question suggested itself to him whether 
concentrating reflectors, either parabolic or 
conical, would give a sensible variation 
from the law of inverse squares, at least 
enough so as to throw out such calcula- 
tions from the ordinary accuracy that 
would be required in illuminating engineer- 
ing; and in order to bring the matter to a 


practical test he had a series of experi- 
ments carried out in a private laboratory 
with a number of reflectors, and to his 
surprise he found that the law of inverse 
squares held for all distances for which 
a reflector would be practically used. The 
size of the ordinary light-source, such as 
an incandescent lamp, and the variation of 
the shape of the reflector, are so wide from 
the theory that, in practice, illuminating 
engineers can stick to the law of inverse 
squares. 

The President suggested that it would 
be very interesting to make a series of tests 
similar to those recorded in Mr. Millar’s 
paper, but in a large room. It occurred to 
him that, while the results are of the great- 
est importance, in the case of a very large 
room their usefulness might not be so 
great, and he hoped that wir. Millar would, 
in a subsequent report, add measurements 


-of that character to what he had already 


given, 

Mr. Millar, being called upon to close 
the discussion, said: Major Zalinski said 
that in connection with measurements or 
distribution of light about diffusing reflec- 
tors he now sees in this paper comparative 
data obtained with opal and other reflec- 
tors. If such a comparison could have 
been drawn the data could not have ap- 
peared in this paper. I want it to-go on 
record very emphatically that the condi- 
tions are so dissimilar that it would be 
improper to attempt to draw any compari- 
son whatever between the different lighting 
conditions used. 

In Mr. Williams’s statement regarding the 
new high-efficiency lamps, he said that the 
major portion of the light was distributed 
horizontally and almost none through the 
tip. J think he is giving rather a wrong 
impression there. There is a difference, it 
is true, between the present and the old 
forms, but it is not a very wide difference. 

As to the remarks on the question of the 
applicability of the inverse squares law to 
reflectors,, it seems to me that it depends 
altogether upon the nature of the reflector. 
I cannot.agree. with Mr. Elliott that illu- 
minating engineers will do well to stick to 
the law of inverse seuares.for the time 
being. One of the chief difficulties in ap- 
plying the law of inverse squares is that 
we have as a result measurements ‘at 
different distances. This means then that 
comparisons between different reflectors are 
not likely to be valid when based upon 
photometric measurements, if it is the case 
that for some reflectors the law does not 
apply; and with the usual photometric 
practice we are absolutely ignorant of the 
exact distance at which the. various 
settings are obtained. 
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SECTION I.—Structure of the Mercury 
ARS 
We understand in what follows by 


“Mercury Arc” an arc through mercury 
vapors in a perfectly exhausted space. 

The structure of this arc varies with the 
conditions, such as temperature, pressure 
of the mercury vapor, etc. In general, we 
can distinguish (1) a homogeneous part, 
beginning at the anode and ending at a 
certain distance from the cathode. This 
part is similar to the positive column of 
the ordinary Geissler discharge. We will 
designate it, therefore, by the name Posi- 
tive Column of the Mercury Arc. (2) In 
the neighborhood of the cathode and fol- 
lowing the positive column a relatively dark 
Space, similar to the cathode dark space of 
the Geissler discharge. (3) Finally, at the 
cathode itself a bright patch which we will 
call the cathode spot. This spot is usually 
in irregular motion on the surface of the 
cathode. j 

The most important deviations from this 
normal structure can be summarized as 
follows: 

(a) The cathode dark space is the more 
developed the larger the diameter of the 
tube at a given current, or, in other words, 
the smaller the current density. In narrow 
tubes at high current densities the cathode 
dark space disappears completely. CD eaLe 
the mercury vapor pressure in the arc space 
gets above a certain value the. positive 
column no more fills the entire section of 
the tube, but rather concentrates itself in 
the middle of the tube, being surrounded 
on all sides by a space of relatively weak 
luminosity and very small conductivity. 

If the mercury arc is to present its 
normal appearance, such as described at the 
beginning, the mercury vapor pressure must 
be kept below a certain maximum value. 
This can be achieved either by regulatinig 
the dissipation of heat from the surface 
of the arc itself, or eelse by providing a 
chamber lying outside of the path of the 
arc in which the mercury vapor can con- 
dense. This part of the tube will be desig- 
nated by the name “condensing chamber.“ 

In the description of the different parts 
of the arc that follows we will assume that 
we have to deal with an arc of normal 
structure. 

1. Anode. 

The anode of the mercury are can con- 


ITS PROPER- 


sist of any conducting material of suffi- 
ciently high melting point which does not 
combine with mercury. In practice, only 
three materials are in use, mercury itself, 
graphite and iron (or nickel). 

When mercury is used the distribution 
of current at the surface is, under normal 
conditions, uniform all over. Only when 
the mercury vapor pressure goes up above 
the permissible limit does the distribution 
become more or less localized, the arc leav- 
ing the surface mostly at the side nearest 
to the cathode. The heat evolved at the 
anode is used up in volatilizing the mercury. 
This increases the pressure of mercury 
vapor in the tube and larger condensing 
chambers are necessary to keep the pres- 
sure down to its normal value. 

If graphite or iron are used as anodes, 
the are usually leaves the anodes at those 
parts which are nearest to the cathode. The 
heat evolved at the anode serves to increase 
its temperature and the resulting tempera- 
ture is the result of an equilibrium between 
two factors, the production of heat at the 
anode and the conduction of heat by the 
mercury vapor surrounding the anodes. It 
increases with the current and its upper 
limit is only determined by the melting 
point or boiling point of the material. The 
heat evolved at the anode is due to the 
existence of a certain potential drop at the 
surface of contact between the anode and 
the arc. The magnitude of this “anode 
polarization” depends on the material used, 
its temperature, and is therefore not a 
characteristic quantity. 

2. Positive Column of the Arc. 

The positive column presents in the 
normal arc a uniform appearance, with no 
striations whatever. Only in the case of 
very small current and seemingly only in 
the presence of foreign gases do striations 
appear. ‘This case is interesting, as in con- 
tradistinction to the Geissler discharge, the 
straitions appear here at low voltage. The 
potential drop in the positive column has 
a certain value per unit length and is the 
smaller the larger the diameter of the tube. 
A simple relation between the diameter and 
the drop does not exist. In a tube of 1.8 
cm. diameter the potential drop per cm.-is 
equal to about 0.72 volt. The potential drop 
depends, of course, on the pressure of the 
mercury vapor in the tube. The above 
given value refers to a good vacuum and 
to the case when the pressure of mercury 
vapor is kept low by a condensing chamber, 
but no exterior cooling means are used. 
The drop per unit length in the positive 
column, being thus variable, is not a 
characteristic quantity of the arc. 

Section II.—Properties of the Cathode. 

The properties of the cathode are of such 


THE ILLUMINATING ENGINEER. 761 


importance that a special chapter must be 
devoted to them. ‘The processes going on 
at the surface and in the neighborhood of 
the cathode are essential both for the main- 
tenance and for the initial starting of the 
AC: 

(a) The following experiments will 
show the role of the cathode in the starting 
of-the-arc: 

The tube ABC (Fig. 1) has two cups, B 
and C, filled with mercury, and a graphite 
electrode A. B and C are connected to one 
Source, of directs current, -B..and.,A -to 
another ; let us imagine that the connections 
are made at first in such a way that B is 
the common negative pole of the two 
sources. If the electrodes B and C are 
brought into contact and separated the are 
BC starts, B being its cathode. We find 
then that on closing the switch of the cir- 
cuit of the other generator, Gi; the arc AB 
starts instantaneously. 
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If the connections are changed in such a 
way that B is the common positive pole of 
the two sources and the arc BC started as 
before, the arc AB does not start on closing 
the switch. This dissymmetrical behavior 
shows how entirely different the electrode 
B behaves when it is cathode and when it 
is anode of an arc. 

The experiment succeeds also when the 
graphite anode 4 is replaced by a mercury 
electrode. In this case, however, the arc 
-AB may sometimes start up, even when B 
is anode, for the reason that the mercury 
cathode A can be rendered active by other 
causes than by an already existing arc. 

Since ordinary mercury vapor is a non- 
conductor and since the experiment de- 
scribed shows that the excitation of the ca- 
thode by means of the auxiliary arc BC is 
necessary for the starting of the arc AB, we 
are forced to the conclusion that the pro- 
duction of the conducting vapor takes place, 
at least in the very first stages of the 
development of the arc, at the surface of 
the negative electrode. 

In the ordinary process of starting an arc 
by contact it is impossible to separate the 
function of the cathode from that of the 
anode. The experiment described above 
represents for an arc in vacuum such a 


separation and shows the complete dif- 
ference between the behavior of the cathode 
and that of the anode, a difference which is 
of fundamental importance for any theory 
of the arc discharge. 

The experiment succeeds well only when 
the vacuum is very good, i. e., in absence 
of foreign gases, and also in absence of too 
large an excess of ordinary mercury vapor. 
In other words, the experiment succeeds 
well at ordinary temperature in a perfectly 
exhausted tube, the anode and the walls of 
the tube having been previously freed from 
all gases absorbed on their surface. If the 
vacuum is not perfect or if the tube is hot, 
so that too much mercury vapor is present, 
the starting of the arc AB is not instan- 
taneous and one can see the conducting 
(“ionized”) vapor spreading slowly from 
the cathode B. When this ionized vapor 
reaches the anode A the arc AB usually 
starts, although if the vacuum is too poor 
the starting may not take place. 


(b) Role of the Cathode in the Mainte- 
nance of the Arc. 

In the chapter on the stability of the 
mercury arc we will see that under given 
conditions there exists a minimum value of 
current at which the arc is stable and be- 
low which it goes out. Under ordinary 
conditions this minimum value lies at about 
three amperes. Experiments have shown 
that the instability of the arc below the 
minimum value is due, to a large extent, 
to the wandering of the cathode spot on the 
surface of the mercury cathode. 

The fact that there exists a bright patch 
on the cathode and that this patch con- 
stantly and irregularly wanders about on 
the surface of the mercury has already 
been mentioned above. The cause of the 
wandering has not yet been ascertained. 

This wandering can be avoided in two 
different ways. The first way consists in 
the use of a platinum or iron wire protrud- 
ing above the surface of the mercury. If 
the current is not large, say not above five 
amperes, the cathode spot fixes itself 
around the wire at the point where the wire 
crosses the mercury surface. The second 
way consists in the use of a narrow tube of 
refractory material, such as silica or porce- 
lain, the cathode spot being produced by 
means to be described later (Section 3) 
on the mercury surface inside this narrow 
tube. In this case the spot remains always 
inside of the tube. 

Now, if the cathode spot is fixed by either 
of these two methods, the value of the 
minimum current is considerably lowered. 
In the case of a narrow silica: tube sur- 
rounding the cathode spot, the value of the 
lower limit is about 1% amperes; in the 
case of the platinum wire about .9 ampere. 
This result, viz., that the wandering of the 
cathode spot on the mercury surface causes 
the arc to go out, is again a strong argu- 
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ment in favor of the theory that the produc- 
tion of the current carrying material takes 
place in the cathode spot, every disturbance 
of that process, such as is caused by the 
wandering of the cathode spot, being able 
to stop that process altogether. 

(c) Polarization of the Cathode. 

At the surface of the cathode there is a 
potential drop equal to about five volts. 
This quantity is independent of the cur- 
rent, mercury vapor pressure, etc. The 
polarization voltage at the anode, as well 
as the drop in the arc itself, were shown to 
be variable quantities. 

The cathode spot is the larger the larger 
the current. It is quite possible that when 
the current is such that the cathode spot 
covers the whole surface of the cathode, 
further increase of the current would 
change the value of the cathode potential 
drop. 

(d) Disintegration of the Cathode. 

hcts possible to realize mefcury arcs, 
that is, arcs through mercury vapors in an 
exhausted space, with a cathode consisting 
of any conducting material. If in the tube 
AB (Fig. 2) the graphite electrode A is 
connected to the negative pole of a direct 
current circuit and B to the positive pole, 
and the electrodes brought into contact by 
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shaking, an arc starts with the graphite as 
cathode. These solid cathodes, as I will 
call them, for the sake of brevity, show the 
same behavior with respect to the starting 
of the are as an ordinary mercury cathode. 
Thus the fundamental experiment described 
in the beginning of this Section can be 
repeated with a solid cathode. [B (Fig. 
IT) is made of graphite, iron or any other 
conducting material.] Care, of course, 
must be taken to free that electrode from 
absorbed gases before trying the experi- 
ment. With these solid cathodes another 
phenomenon, however, is observed, viz., 
the mechanical disintegration of the 


material of the cathode. The cathode spot 
exists also on the solid cathodes. A well 
defined and sharply outlined red hot spot 
wanders irregularly on that surface and at 
the same time small particles of the 
material are being incessantly projected 
from that spot, collecting on the walls of 
the tube. Tis disintegration. of the cathode 
represents another essential difference be- 
tween the anode and the cathode of the are 
in metallic vapors in an exhausted space. 
In the case of one material, viz., of char- 
coal, one succeeds in obtaining on the sur- 
face of the electrode sharply outlined, fine 
grooves which show the path followed by 
the cathode spot. Measurements of the 
dimensions of these grooves, their width 
and depth at different currents under dif- 
ferent conditions, might lead to interest- 
ing conclusions. In the case of all other 
materials every particle disintegrated elec- 
trically causes, by loosening the structure, 
other particles to separate :mechinically 
in such a way that no trace of the cathode 
spot is left on the surface. The material 
produced by the disintegration of the ca- 
thode differs usually in its physical pro- 
perties from the original material of the 
cathode. If graphite, for instance, is used, 
the disintegrated material has no cohesive 
properties, is a very poor conductor and 
leaves no trace on paper. The chemical 
properties, however, remain the same. 


Section I]].—Starting of the Mercury 
Arc. 

The methods usually used to start an 
arc can be described as the “contact” 
method and the “high potential” method. 

In the first method, which is used in the 
carbon arc, in flame arcs, etc., the arc is 
started by bringing the two electrodes into 
contact and separating them. 

The second method consists in sending 
for a short time a discharge from a high 
potential source through the space be- 
tween the two electrodes and then making 
the low voltage source follow the path of 
the discharge eof the high potential. (This 
method was. I believe, first used by 
Herschel. ) Both methods have been used 
in the case of the mercury are by Arons, 
Cooper Hewitt, myself and others. 

In the case of the mercurv are the con- 
tact method has taken different forms. 
Arons used a U shaped tube, the tube 
being partially filled with mercury and the 
two mercury surfaces brought in contact 
by shaking. In another arrangement one 
of the legs of the tube is long and con- 
nected at its lower end by means of a rub- 
ber tube to a vessel filled with mercury. 
By lowering or raising this vessel the two 
mercury surfaces can ‘be brought into con- 
tact and subsequently separated. 

One form I gave to this method is that 
of a straight horizontal tube. with two cups 
filled with mercury. By inclining the tube 
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a stream of mercury is caused to flow 
from one electrode to the other and this 
establishes contact for a short interval of 
time. This movement of the tube can be 
produced automatically by a current flow- 
ing through magnets in shunt with the 
tube. 

A similar arrangement has also been used 
by Cooper Hewitt, the shaking of the tube 
being done by hand. It is obvious that 
a number of other ways can be found, such 
as heating the mercury and causing it to 
expand, etc., all for the purpose of bring- 
ing the two mercury surfaces in contact. 

The high potential method has been used 
by Arons and then afterwards by Peter 
Cooper Hewitt. 

A “kicking” coil and a quick break switch 
are placed in shunt to the mercury tube. 
On opening the quick break switch the high 
potential created at the end of the reactance 
discharges through the space between the 
electrodes in the mercury tube, whereupon 
‘the low voltage follows in the path of the 
discharged and establishes an arc. 

The Sidebranch Method—Excitation of 
‘the Cathode. 3 
_ The new method for starting the mercury 
arc that I proposed is founded on the ca- 
thode properties which have been described 
in the previous chapter. We have seen 


that if the negative pole, which is ito be the 
cathode of the arc, is excited by an auxiliary 
arc and the vacuum in the tube is good, an 
arc will instantly establish itself between 
this cathode and any anode. 


A 





FIG. 3 AND 4. 


The tube represented in Fig. 3 shows one 
of the ways in which this property can be 
used for the purpose of starting an arc. 
K represents a mercury surface connected 
to the negative pole of the source of direct 
current. A represents the electrode which 
is to be the anode of the arc. B is also con- 
nected to the positive pole of the source 
of direct current. Rand RA are two resist- 
ances. If by slight shaking of the tube 


the electrodes K and B are brought into 
contact and separated, a short arc is formed 
which excites the cathode K and causes the 
starting of the main arc, AK. The 
auxiliary arc, KB, can then be extinguished 


- by opening a switch in the line of the 


auxiliary anode B. The side tube KB is 
called “the sidebranch,” B the auxiliary or 
“starting” anode, and the method of start- 
ing is called the “sidebranch method,” 
The auxiliary arc, KB, instead of being 
Started by shaking, can, of course, be 
started automatically in many different 
ways; one of the first used is shown in 
Fig. 4. The mercury surfaces of the ca- 
thode K and the auxiliary anode B are 
normally in contact, S is a solenoid, L a 
bundle of iron wire. The current, on clos- 
ing the switch in the line, goes through the 
solenoid and the mercury in B and K. The 
iron core L being lifted, the contact between 


JCB: and Kes broken, whereupon the little 


arc BK starts the main arc KA: O is a 
Magnetic cut-out which opens ‘the circuit 
of the side-branch when the current in the 
main arc reaches a given value:- 

Besides this arrangement, a niimber of 
others for the purpose of automatic start- 
ing of the sidebranch were used; they are, 
however, not as simple as the electro- 
magnetic one just described. 

The starting of the arc by means of the 
sidebranch method is instantaneous only 
when the vacuum of the tube is exceedingly 
good and the pressure of the mercury vapor 
is not too high. The starting of the main 
arc is accordingly instantaneous when the 
tube is perfectly cold or immediately after 
the arc is put out. If the vacuum is not 
perfect or the tube hot, the starting of the 
main arc takes some time. This is the 
same phenomenon as that which we des- 
cribed in the paragraph on the properties of 
the cathode and would suffice to make the 
practical value of the sidebranch method 
of starting rather small. The difficulty has, 
however, been overcome by _ suspending 
from the anode a carbon filament of hign 
resistance and of such a length that its 
lower end is but a few inches away from 
the mercury cathode. For the starting of 
the arc this means a shortening of the dis- 
tance between the anode and the cathode. 
After the arc is started a very small cur- 
rent only flows through the carbon fila- 
ment, the arc having a much lower resist- 
ance. The filament is seen in Fig. 4. 


Out of the use of this carbon filament 
as a device for the facilitating of the start- 
ing of the mercury arc, another method of 
starting developed. The carbon filament 
instead of reaching within a certain distance 
from the cathode, actually touches the lat- 
ter, so that, on closing the switch, the cur- 
rent finds a way from the anode to the 
cathode, through the carbon filament. This 
current is caused by energizing a solenoid, 
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to separate the filament from the mercury 
cathode, either by lifting the filament or 
by lowering the level of the mercury. The 
little arc thus formed between the end of 
the filament and the mercury cathode 
instantaneously develops into the main arc 
between the mercury cathode and the 
anode. An arrangement in which the car- 
bon filament is lifted is shown in the next 
sketch (Fig. 5.) 

The carbon filament is attached to an 
iron cylinder which forms a sliding contact 
with the rod D, which rod is directly con- 
nected to the leading-in platinum wire. 
The current at first flows through the 
solenoid S, the leading-in platinum wire, 
carbon filament, mercury cathode, back to 
the source. The energized solenoid in 
pulling up the iron cylinder to which the 
carbon filament is attached starts the are. 
In some of the arrangements the upper 
part of the rod D is coated with an insula- 
ting layer of glass, so that when the sliding 
cylinder is pulled up, the current flow 
through the carbon filament completely 
ceases and the carbon filament is cut out 
of circuit. This lamp is given the name of 
the “Lift-Up Filament Lamp.” 


+ 





FIG. 5. 


An arrangement in which the mercury 
level is lowered was designed by C. P. 
Steinmetz. An iron plunger, the upper 
part of which is drilled out and carries 
mercury in the hole, floats in the mercury 
cathode so that in the normal condition 
the filament is in contact with the mercury 
in the plunger. A solenoid, when energized 
by the current, pulls the plunger under the 
surface of the mercury and by breaking 
contact, starts the arc. This type of lamp 
is called the Plunger Lamp. 

Section IV.—The Stability of the 
Mercury Are. 

The conditions of stability of the mercury 
arc are of a rather complicated nature and 
depend on a number of factors. We shall 
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limit ourselves to the consideration of the 
two most important cases. 


First. Mercury Arc with a Condensing 
Chamber.—We shall first consider the arc 
placed in a space of ordinary temperature 
and provided with a condensing space, 
certain parts of which remain at a tempera- 
ture not much above the surrounding 
temperature. The mercury arc such as is 
used for purposes of illumination, belongs, 
with a few exceptions, to this type. 


In this case the potential across the arc 
at first diminishes as the current increases, 
until a certain point is reached above which 
the variations of potential and the current 
have the same sign. The potential drop 
across the lamp meant is not the one which 
is established immediately after the cur- 
rent is changed, but rather the one which 
corresponds to the equilibrium, the equilib- 
rium being reached only after a certain 
time. Let A be the value of current which 
corresponds to the minimum value of the 
potential drop across the arc. Then it is 
obvious that for currents below the one 
corresponding to A the arc is in an unstable 
condition, since to a slight diminution of 
current there corresponds an increase of 
voltage across the tube, which causes in 
its turn a diminution of current, the process 
going on until the voltage drop comes 
near to the impressed voltage and the arc 
goes out. 


For currents above the value 4 the are 
is in a stable condition (the current being, 
however, not too high, since then the con- 
densing chamber is no more at a suffi- 
ciently low temperature). These considera- 
tions show that there exists for a normal 
arc a minimum current below which the arc 
is unstable and goes out. The experiment 
confirms this result. That minimum value 
is usually in the neighborhood of three 
amperes. This explanation of the existence 
of a minimum current, although in all 
probability correct from a formal point of 
view, does not give us any insight into the 
physical cause of the phenomenon. This 
cause was partly pointed out in Section 2. 


In all the considerations given above it 
was assumed that a certain regulating 
resistance is in series with the arc, but no 
reactance. If a large reactance is placed 
in series with the mercury arc it changes 
the conditions of stability altogether. This 
is similar to what was known in the case 
of the ordinary carbon arc. With a large 
reactance in series the minimum current 
at which a normal arc can run is much 
lower than without reactance and is the 
lower the larger the reactance. With a 
sufficiently large reactance it is easily pos- 
sible to have an are with a current of only 
a few tenths of an ampere. The action of 
the reactance, which consists in introdu- 
cing.an e. m. f. every time the current tries. 
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to diminish, is too obvious to require any 
discussion. 

Second. The Arc Without a Condensing 
Chamber.—lf the arc is not provided with 
a condensing chamber its stability depends 
a good deal on the conditions of radiation 
corresponding to this equilibrium and 
and heat conduction on the surface of the 
tube itself, the temperature rising until 
thermical equilibrium is reached between 
the energy input and the heat radiated from 
the surface of the tube. The temperature 
accordingly the pressure of mercury vapor 
in the tube being much higher than in the 
case of the arc with condensing chamber, 
the potential drop across the arc is consid- 
erably higher, and the curve connecting 
this potential drop with the current is also 
different. It is, however, possible to have 
an arc run stable under these conditions by 
a proper choice of the impressed e. m. f., 
the resistance in series with the arc and 
the external temperature. : 

SECTION V.—Arcs in Metallic Vapors 
Other than Mercury. 

The are in the vapors of other metals 
which are sufficiently volatile, has in general 
the same properties as the arc in mercury 
vapors. The investigation included the 
following metals: Potassium, sodium, al- 
loys of the two as well as with lithium, 
bismuth, lead, tin, zinc, cadmium and alloys 
of those metals which have a low melting 
point, such as Wood’s metal, finally amal- 
gams of all the above-named metals, etc. 
In most cases the arc was produced inside 
of a glass vessel, although in the case of 
the less volatile metals a silica vessel was 
often used, the silica vessel containing the 
metal and being suspended inside of a glass 
tube or bulb. In the case of the alkali 
metals and of the easily fusible alloys of 
the other metals, such as Wood’s alloy, 
etc., it is easily possible to produce in a 
well exhausted tube arcs of practically any 
desired length. Those arcs have essentially 
the same properties as the ordinary mercury 
arc. A ‘cathode spot exists on the surface 
of the metal, whether this metal be liquid 
or solid. This cathode spot is wandering 
about the surface and all the experiments 
that have been described in the case of the 
mercury arc can be repeated here. The 
anode can be made of any material and con- 
sisted in the experiments mostly of a piece 
of graphite. 

The spectrum emitted changes of course 
with the nature of the metal. The amount 
of light is usually small and the efficiency 
small. This is due to the small amount of 
material in the space, in consequence of the 
low vapor tension of these metals. If the 
exhaustion is made by means of a mercury 
pump the small amount of mercury vapor 
present in the space is sufficient to give to 
the arc immediately after starting the char- 
acter of a mercury arc. As the material of 
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the cathode volatilizes the mercury vapor 
spectrum is being replaced by the spectrum 
of the corresponding metal. 

If amalgams are used the spectrum of 
the arc shows lines due to the mercury as 
well as to the metal dissolved in it. The 
proportions in which the radiations of the 
two metals are represented in the spectrum 
depends, of course, on the percentage of 
the metal dissclved in the mercury. It also 
depends on the current. When dilute amal- 
gams of alkali metals are used the lines due 
to sodium or potassium begin to appear 
only when the current reaches a certain 
value. The addition of the alkali metals or 
of the metals like calcium. strontium, link, 
etc., could be used for the purpose of im- 
proving the color of the light emitted by 
the mercury arc. (See Section Technical 
Applications. ) 

The drop of potential across the arc, as 
well as the single drops at the electrodes, 
are of the same order of magnitude what- 
ever the metal used. 


Section VI.—Alternating Current Phe- 
nomena in the Mercury Arc. 


Alternating voltages of moderate value 
are incapable of maintaining an arc in 
mercury vapors in an exhausted space. The 
spark formed on separating the two elec- 
trodes dies out, no matter how large the 
current it carries. 


This phenomenon is easily accounted for 
on the basis of the principles laid down in 
the section on the cathode properties. An 
arc cannot exist without a constant source 
of conducting material at the negative elec- 
trode. If the production of conducting ma- 
terial ceases at the cathode, the arc is bound 
to go out, unless by some means the ca- 
thode surface is rendered active anew. In 
the case of an alternating voltage, however, 
the negative pole changes from one mer- 
cury surface to another. The emission of 
negative ions which is started by the initial 
separation of the electrodes dies out and 
with it the arc. The conditions change 
when the alternating voltage is high enough 
to render the cathode active at each alter- 
nation. This we will discuss later; we 
limit ourselves here to the case of an alter- 
nating voltage of moderate value. 


In this case, one way of making a current 
derived from an alternating source pass 
through mercury vapors is to keep one of 
the electrodes active by making it the cath- 
ode of an auxiliary direct current arc. The 
arrangement is the same as on Fig. 1, with 
the difference that g* is an alternator. 

CB is a direct current arc with B as cath- 
ode. B and A are connected to the termi- 
nals of a source of alternating voltage. The 
electrode B being constantly kept active by 
the direct current, the half wave of the alter- 
nating voltage, for which B is the negative 
pole, can send a current through the space 
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between B and A. The half wave of oppo- 
site sign cannot pass. Accordingly, we get 
in the cirucit of BA a pulsating wnidirec- 
tional current. The interest of this ar- 
rangement is obvious, as it gives us a way 
of deriving unidirectional, although pulsat- 
ing current from an alternating source. 

By providing two auxiliary direct current 
sources and connecting the alternating cur- 
rent source to the two cathodes of the di- 
rect current arcs, an alternating current can 
be made to pass between those two cathodes. 
The discussion of this case, in spite of its 
interest, I must omit, in order not to make 
this article too voluminous. 

Returning to the first arrangement, in 
which only one direct current source is 
used, we see that a pulsating current 13 
derived, only one half wave being utilized. 
To utilize both half waves and superimpose 
them in the same direction in the same cir- 
cuit, an arrangement can be used which is 
represented in Fig. 6. There are two 
anodes in the tube to which two terminals 
of the secondary of a transformer are con- 
nected. The middle point of the secondary 
is, connected to the cathode. An auxiliary 
direct current source, BK, serves to excite 
the cathode. As’is easily seen, for each 
direction of the alternating voltage one 
half of. the secondary sends a _ current 
through the tube in the right direction— 
that is, in such a direction that K is ca- 
thode. The current derived in''the wire 
connecting ‘the cathode to the neutral 





FIG. 6 AND 7. 


point of the transformer consists now 
of an uninterrupted series of pulsations. It 
passes through zero every half period and 
the auxiliary direct current source has only 
the function of keeping the cathode active 
during those intervals of time when the 
alternating current is zero or in the neigh- 
borhood of it. 

The use of a direct current for the ex- 
citation of the cathode can be dispensed 
with if the property of reactances of ac- 
cumulating energy when the current flow- 
ing in them increases and discharging that 
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energy when the current begins to diminish, 
is made use of. A rectifier constructed on 
this principle and in which only one half 
wave is rectified, is shown in the next 
sketch. - (Fig. 7.) 

The electrodes A and A’* are connected to 
the two poles of the alternating current 
source. Between A* and the middle elec- 
trode K, a reactance coil is’ placed. If by 
any means K is made for an instant cath- 
ode, either by an auxiliary direct current 
or by preliminary contact'of K with A, the 
following processes go on: ‘The half wave 
for which J is anode passes in the direction 
from A to K, then through the reactance 
and when this current begins to diminish, 
the reactance discharges mostly through the 
space A’K in the direction shown by the ar- 
row. If this discharge takes a sufficiently 
long time, the cathode is kept going during 
that jhalf period, when otherwise there 
would be no current. 
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To get both half waves rectified by the 
use of reactances, the arrangement shown 


‘above must simply be made symmetrical by 


the use of two reactance coils, in the way 
shown in the next sketch (Fig. 8.) It will 
be seen that both half waves, as well as the 
discharges of the reactance coils, have the 
same surface, K, for cathode, and that in 
the wire connecting the cathode to.the point 
between the two reactance coils a continu- 
ous direct’ current is flowing. The load, 
which can consist of a resistance or storage 
battery, etc., has therefore to be placed in 
this line. 

It will readily be seen that the result 
achieved in the last arrangement by the 
use of two reactance coils can also be 
achieved in the arrangement described 
above (Fig. 6), where the neutral wire of 
a transformer is used by simply introducing 
a sufficiently large auxiliary reactance into 
the neutral wire between the middle point 
of the transformer and the cathode. 

section VII.—Arcing. 

The two electrodes, A and A’, in the 
rectifier described last, the anodes of the 
rectified currents, are, when the arcs run, 
surrounded by highly conducting vapor and 
it is at first glance surprising to find that 
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no arc develops between them. The ab- 
sence of an arc discharge directly between 
the two anodes is easily accounted for on 
the principles expounded above by the ab- 
sence of a cathodic center on either one 
‘of the two anodes. If such a cathodic 
center is for one reason or another formed 
on one of the two anodes, an arc discharge 
between the two anodes takes place, and 
‘this phenomenon was termed “arcing of the 
“rectifier.” In absence of such a cathodic 
‘center a very small “leakage current” pro- 
bably exists between the two electrodes 
(since one always finds currents of the 
order of magnitude of 1 milliampere be- 
tween two exploring electrodes placed in 
the mercury are and to which an e. m. f. cf 
moderate value is applied.) 

The conditions under which this leakage 
current develops into an arc discharge— 
in other words, the conditions under which 
in presence of conducting vapor, a cathodic 
center is produced on a negatively charged 
surface, are of considerable theoretical in- 
“terest. The following experiments are of 
interest in this connection: 

Let us return to the experiment by means 
of which we illustrated the importance of 
the cathode in the starting of the mercury 
arc. The tube is the same as that repre- 
‘sented on Fig. 1 and the connections are 
also the same as there. The only difference 
is that the anode A is made of mercury in- 
stead of graphite. The phenomena de- 
scribed in the corresponding paragraph re- 
main the same, whatever the material of the 
anode. If B is made cathode by starting 
the arc BC, the arc AP starts up instant- 
aneously (provided there is a good vacuum 
in the tube.) If the electrode B is the com- 
mon anode the arc AB does not usually 
start. | However, when the ionized vapor 
which diffuses from the arc CB fills the 
space between the electrodes B and A, a 
small leakage current between A and B 
takes place. If A is graphite or iron this 
state continues indefinitely. If A is mercury 
the arc may eventually start between B and 
A, A becoming the cathode of the new arc. 
The experiment can be given even a more 
effective form by placing the cup A _be- 
tween the electrodes B and C. In that case, 


in spite of the presence of the highly con-. 


ducting vapor of the arc C, a small leakage 
current only exists between 4 and B. It ts, 
however, more difficult to maintain this 
condition and the arc starts rather readily. 
In these two experiments with direct cur- 
rent arcs we are therefore confronted with 
the same problem of the formation of a 
cathodic center on the surface of a nega- 
tively charged body. The experimental re- 
sults obtained in the study of this question, 
the practical importance of which is obvious 
from the connection with the arcing of the 
rectifier, can be summarized as follows: 
(a) The ease with which a cathodic ioni- 
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zation center forms’ on the surface of a 
negatively charged electrode varies with 
the material of which that electrode is 
made. 

The ease of formation seems to be con- 
nected with the boiling point of the ma- 
terial, and is, therefore, unless certain 
necessary precautions are taken, greater 
in case of mercury than in the case of solid 
electrodes. 

In the rectification of very high potentials 
such as given by an ordinary induction coil 
or high potential transformer (say 30,000 
to ‘40,000 ‘volts) and very often also in the 
‘rectification of voltages somewhat below 


“(around 10,000) the influence of the ma- 


terial on the’ease of the formation of a 
cathodic center is shown in a very striking 
way. The graphite anodes are usually fast- 
ened by means of leading-in platinum wires, 
which are insulated either by a coat of 
glass or by glass tubes surrounding them. 
Experiments show that at the high voltages 
mentioned above, a cathode center is more 
liable to form on the- glass which sur- 
rounds the platinum wire than on the 


‘graphite. A bright cathode spot appears 
‘on the glass, causing it to melt and 
volatilize. The gases evolved spoil the 


vacuum, and the cracking of the seal often 
destroys the tube. The fact that on. glass 
and similar materials the cathode spot 
forms more readily than on graphite or 
iron is again probably ‘connected with the 
fact that glass can give off vapors of 
sodium and similar metals. ~ 

(b) The Influence of the Potential.—lIt is 
natural that the formation of the cathode 
center takes place the more readily the 
higher the potential applied. In fact, one of 
the older methods of starting a mercury arc 
bv the “kick’’ of a large inductance is based 
on the formation of a cathode center under 
the influence of high potential. 

In the case of the mercury arc rectifier 
the danger of arcing between the two 
anodes increases as the voltage applied to 
the anodes increases. With graphite anodes 
if necessary precautions are taken, the up- 
per limit of potential at which arcing takes 
place has not yet been determined. 

The formation of a cathodic center on a 
negatively charged mercury surface under 
the influence of high potential can be shown 
by the following experiments: 

(1) Let AB (Fig. 2 only with reversed 
connections) represent a tube in which B 
is a mercury surface connected to a nega- 
tive pole of a source of unidirectional low 
voltage and A is a graphite anode connected 
to the positive pole of the same source. he 
the distance between A and B 1s not too 
large (in some of the experiments it was, 
however, as large as 8 to 10 inches) mere 
shaking of the tube is apt to start the arc 
between A and B. It is obvious that the 
mechanical shaking can act only by produc- 
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ing a static charge of high potential on 
the surface of the mercury. 

The next experiment seems to show that 
a considerable factor is the electric field 
intensity near the cathode. 

(2) A tube AB has two mercury elec- 
trodes. One is of a very small surface, the 
other of a very large. On connecting these 
two electrodes to the secondary of a high 
potential transformer, cathode spots appear 
in the form of sharp, brilliant points only 
on the small surface, provided the current 
in the tube is kept low. This is explained 
by taking into account the different shape 
of the mercury surfaces constituting the 
two electrodes. The radius of curvature 
being much smaller in the case of the small 
electrode and accordingly the field intensity 
higher, the negative particles are propelled 
with greater force into the space and a 
cathode center forms more readily. If a 
direct current ammeter is placed in the cir- 
cuit of the tube its reflection shows that 
rectification takes place. The direction in 
which the current predominates is, however, 
not necessarily the one for which the small 
electrode is cathode. At very small cur- 
rents the current of opposite direction 
usually predominates showing that the 
negative current, which leaves the large sur- 
face B in form of a homogeneous discharge, 
equally distributed over the whole surface, 
is larger than the negative current, which 
leaves the small surface in localized cathode 
points. As the current is increased the two 
opposite currents become equal, and when 
the. cathode points on the small electrode 
grow sufficiently large, the negative cur- 
rent starting from them begins to predomi- 
nate. If cathode spots form, as they often 
do, on the large surface B, they usually 
form in the neighborhood of the glass, at 
the place where the curvature of the mer- 
cury surface is smallest and the electric 
force perpendicularly to the surface accord- 
ingly the highest. 

(c) The Influence of the Position of the 
Anodes with Respect to the Cathode. 

We come here to a phenomenon which 
is surprising and the cause of which is not 
yet certain. The ease with which the cath- 
odic center forms on one of the anodes of 
a high voltage rectifier depends on the re- 
lative position of those anodes with respect 
to the cathode. If the anodes are placed 
directly above the cathode arcing takes 
place more readily than if the anodes are 
placed at a certain angle to the perpendicu- 
lar erected on the mercury surface and the 
danger of arcing is the smaller the larger 
that angle. If of the two anodes one is 
placed perpendicularly above the mercury 
cathode and the other either at a certain 
angle or even below the mercury level, the 
arcing, if it does take place, invariably has 
its cathodic point on the anode which is 
directly above the cathode. It seems as 
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though the ionized vapor that usually 
shoots out from the surface of the cathode 
in a perpendicular direction (and is proba- 
bly of an origin similar to the cathode rays) 
has some peculiar effect on the surface of 
the anode which facilitates the production 
of a cathodic center of ionization. 

Section -VIII.—TEcHNICAL APPLICATIONS, 

I. The Arc as a Source of Light. 

The luminous efficiency of the mercury 
arc in any of the forms described in Sec- 
tion III is quite high. Measured with a 
flicker photometer, which is the only one 
allowing comparison of lights of different 
color, this efficiency varies under different 
conditions between say .25 to I watt per 
candle, the watts meaning the consumption 
of energy in the arc itself. Under ordinary 
circumstances about 20% of the watt con- 
sumption in the arc is wasted in the ballast 
resistance (except in series lighting where 
no resistance is necessary) and some part 
of the light is also absorbed in the globe by 
which the arc itself must usually be sur- 
rounded. The physiological effects of the 
light on the human eye and the distribution 
of light being of different nature than in 
most other sources of artificial light, the 
above given numbers are of considerably 
less practical value than actual experiments 
made for instance with the luminometer— 
that is, an apparatus by means of which the 
distinctness of objects at a certain distance 
from the source can be approximately de- 
termined. These experiments show also 
that the mercury arc is a highly efficient 
source of light. 

The life of the mercury arc lamp in one 
of the shapes described in. Section III is 
very considerable, in some cases amounting 
to 3000 hours and more. In the course of 
time the glass of the tube in which the arc 
is enclosed blackens somewhat (in conse- 
quence of a chemical change in the glass) 
and in lamps with a carbon filament usually 
some blackening takes place, due to a de- 
posit of carbon on the walls. This blacken- 
ing causes a diminution of efficiency in time 
which amounts to about 20% at the end of 
the life. 

The lamp needs no attendance, as there 
are no electrodes to replace. 

Other advantages of the lamp are the 
fact that relatively small units can be made 
(the units now made consuming 160 watts) 
and the diffused distribution of light in con- 
tradistinction to the concentrated sources of 
light represented by other arcs. 

All these ‘advantages would certainly 
cause this lamp to be an important factor if 
it were not for the nature of the light 
emitted, which is practically devoid of red - 
rays. In spite of this, the lamp is being 
used and will probably be used more and 
more extensively for purposes where this 
absence of red rays and the corresponding 
discoloration of objects is of little import- 
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ance. In street lighting, the lighting of 
parks and suburbs, as well as of factories, 
drafting rooms and similar places, the lamp 
seems to be very suitable. The mercury 
arc lamp is essentially a direct current lamp. 
An alternating current lamp was also con- 
structed and used, built on the same prin- 
ciple as a mercury arc rectifier, the starting 
device being similar to that used in the case 
of the direct current arc. The construction 
and connections are, however, somewhat 
more complicated. 

The methods attempted for improving 
the quality of the light were as follows: 

(a) The use of ordinary incandescent 
lamps in series with the mercury arc. Vhe 
General Electric Company has developed 
the so-called Orthochrome Mercury Arc 
Lamp, in which a number of incandescent 
lamps in multiple are placed in series with 
the mercury arc, the incandescent lamps 
burning at a normal efficiency. The whole 
is enclosed in a Holophane globe, which 
serves the purpose of blending the two 
lights of different colors. This system has, 
of course, a lower efficiency than the mer- 
cury arc alone and also leads to somewhat 
larger units. 

(b) The use of amalgams of the alkali 
metals and of the metals of the alkali earths. 
—In Section V we saw that by adding met- 
als like potassium, sodium, lithium, cal- 
cium, etc., to the mercury, the spectrum of 
the arc can be changed. The practical ap- 
plication for the purpose of improving the 
color of the mercury arc meets, however, 
with considerable difficulties and disadvant- 
ages of which I mention the attack on the 
glass by the alkali metals, the lowering of 
the efficiency, etc. 





FIG. 9. 


(c) Use of fluorescent bodies which have 
the property of transformine the violet and 
green rays into those nearer the red end of 
the spectrum—Unfortunately none of the 
substances known possess this property 1n a 
degree sufficient for practical purposes ; also 
this transformation is very wasteful. : 

(d) Change of the nature of the dis- 
charge through the mercury vapors.—The 
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spectrum of the light’ emitted by the dis- 
charge through vapors or gases depends on 
the nature of the discharge. Work in this 
direction for the purpose of improving the 
color of the mercury arc has given promis- 
ing results. One of the experiments, show- 
ing the essentials of the phenomenon, is il- 
lustrated in the sketch (Fig. 9.) 

T is a transformer of not too small a ca- 
pacity, C condensers, a small inductance; 
AB is a direct current arc which supplies 
ionized vapor, this ionized vapor filling the 
space between the two other electrodes, E 
and D. Under proper conditions the dis- 
charge of the condenser between the elec- 
trodes E and D has a spectrum rich in red 
rays, the arc ED giving a brilliant white 
light. 

Il. Use of the Mercury Arc Rectiher. 

(a) The constant potential rectiher.— 
The mercury arc rectifier represents so far 
the best solution of the problem of transfor- 
mation of alternating to direct current, so 
long as the power to be transformed is not 
very large. The power depending on the 
two factors. the voltage and the current, we 
will consider the two separately. 

The current that can be transformed by 
means of the mercury arc rectifier has theo- 
retically no limit. Practically, however, one 
is limited by the difficulties of introduction 
of large currents into an exhausted glass 
vessel and more yet by the difficulties in 
dissipating the heat disengaged in the recti- 
fier itself. Both difficulties may be over- 
come by a change of the material, of which 
the rectifier is now being made (viz., glass.) 

The voltage which can be rectified by 
means of the mercury arc rectifier is ex- 
ceedingly high. In connection with this I 
must refer to the section in which arcing 
is discussed, and from it will be seen that 
the voltage rectified can be the higher, the 
smaller the current. 

The magnitude of voltage that can be 
rectified makes the mercury arc rectifier in- 
finitely superior to the electrolytic rectifier. 

The efficiency of the mercury arc recti- 
fier depends on the voltage to be rectified 
and is the higher the higher that voltage. 
This is due to the fact that the voltage con- 
sumed by the rectifier itself is a constant 
quantity, independent of the current. In 
the ordinary constant potential rectifiers 
that loss amounts to about 17 volts. ‘The 
efficieticy of the mercury arc rectifier for 
ordinary voltages of 100 to 200 volts is 
therefore much higher than that of 
electrolytic rectifiers. The power factor 
can also, by a proper choice of the react- 
ances, be made as high or higher than 90%. 

The high efficiency and simplicity of the 
mercury arc rectifier cause its use to spread 
every day. It is used especially for charg- 
ing storage batteries in connection with 
automobile and telephone work, also in a 
number of other cases, stich as driving 
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small direct current motors from an A. C. 
source, feeding induction coils in connection 
with an interrupter, etc. 

(b) “Constant Current” Rectifier. 

The constant current rectifier differs 
from the constant potential only in the fact 
that a constant current transformer is used 
instead of a constant potential transformer. 
The use of the constant current rectifier in 
connection with direct current arc lamps 
especially the Magnetite Lamp, also de- 
veloped in the Research Laboratory of the 
G E: Co. is of growing importance, A 
number of installations have been made in 
which 25 to 75 Magnetite Lamps, each con- 
suming 80 to 100 volts, are used as a load 
in the direct current side of a constant cur- 
rent arc rectifier, to the alternating current 
side of which about 15000 to 20000 volts are 
applied. The description of this system of 
lighting alone could be a_ subject for a 
separate paper, so I cannot go into detail 
at this place. 

(c) The High Frequency Rectifer. 

The mercury arc rectifier is capable of 
rectifying alternating currents of frequency 
as high as that given by a condenser dis- 
charge—that is, of the order of magnitude 
of 10° to 10” oscillations per second. So 
far. no limit could be found, although it is 
practically impossible to prove that the 
rectification is complete. This property can 
be used in connection with wireless tele- 
graphy, the mercury arc rectifier serving to 
rectify the oscillations received in the 
antennae, and a= sensitive direct curent 
galvanometer used in connection. The 
arrangement of the receiving station 1s 
represented in the sketch (Fig. 10.) 
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= Ground 


FIG. 10. 


T is the transformer transforming the 
oscillations to higher potential and provided 
with a neutral wire. .The connections to 
the rectifier are the same as those described 
in Section VII so that both half waves are 
rectified. G is the galvanometer. An auxili- 
ary direct current source, consisting, of a 
well insulated storage battery: of, .about, 20 
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volts, runs the sidebranch arc, so as to 
keep the cathode constantly active. It is 
probable that the arrangement is not as 
sensitive as a telephonic receiver. It has, 
however, the advantage that telegrams can 
be registered. 


SLOWLY MOVING CATHODE RAYS AND UNILATE- 
RAL CONDUCTIVITY 


(a) Starting of the Arc.—The experi- 
ments described in the paragraph on the 
starting of the mercury are by means of an 
auxiliary arc may be explained by the as- 
sumption that rays similar to the cathode 
rays of a Crookes tube are emitted from the 
cathode and propagate through the space 
with a velocity which depends on the 
amount of foreign gases or mercury vapor 
present in the space. If the vacuum in the 
tube is very high these cathode rays move 
very rapidly and when they reach the anode 
a conducting bridge is established between 
the cathode and the anode. When the vac- 
uum is poor, or when a great amount of 
mercury vapor is present, the speed of the 
cathode rays is reduced considerably, and 
through collision with the inert molecules 
and the recombination of the ions to neutral 
particles, a condition can be established 
such that starting of the arc is very slow 
or even impossible. 

Besides this influence of the amount of 
gas present the assumption of cathode rays 
emitted by the cathode at the low voltage 
under consideration is also supported by 
the fact that the shape of the tube has a 
great influence on the starting of the arc. 
The starting takes place most readily when 
the anode is placed in a straight line with 
the cathode. If, on the contrary, the tube 
is of “such <a. <shape: that cathode rays 
would have to change their direction a 
number of times before reaching the anode 
the starting becomes difficult. This is es- 
pecially true when the cathode rays which 
are supposed to emanate from the surface 
of the mercury cathode have to impinge on 
glass walls or walls of similar material be- 
fore reaching the anode. 

Finally, the assumption made explains 
readily the fact that the starting of the arc 
in narrow tubes by means of an auxiliary 
arc is very difficult, and in tubes of a dia- 
meter below 1%” practically impossible. 

(b) The Conductivity of the Mercury 
Vapor Diffusing from a Mercury Arc.—lf 
in Fig. 1 the arc is started between the elec- 
trodes-G© and-B: and ¢. m. 4: 18" applred-to 
the electrodes B and A, .a certain current 
flows in this latter branch, even when the 
e. m. f. applied is below the polarization . 
voltage which would correspond to the arc. 
This current has the following properties: 

1. The space in the branch AB possesses 
unilateral conductivity; i. e., the same e. m. 
f. being applied, the current in one direction 
is much larger than in the reverse direction. 
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The current in the direction AB is many 
times larger than in the direction BA. 

2. The current in the’ direction BA 
reaches saturation at very low voltage. The 
current in the direction AB first increases 
rapidly, as the voltage applied increases 
from zero on, then increases very slowly, 
until polarization voltage is reached, at 
which point there is a sudden transforma- 
tion: into-ane arc, 

3. The current in the direction AB does 
not only depend on the e. m. f. applied and 
on the current in the arc CB, but also on 
the previous history of the branch AB. The 
current corresponding to the same e. m. f, 
is different when the e. m. f. is ascending 
and when it is descending. 

The experimental data obtained and the 
theoretical deductions from them would 
take too much space and I intend to discuss 
them in the future in a separate publication. 


THE SERIES LUMINOUS ARC 
RECTIFIER SYSTEM 


By-N. R. Brrce. 


Read before the Ohio Electric Light Asso- 
ciation at Put-in-Bay, Ohio, 
Aug, 23, 1900. 


Central-station men are already familiar 


in a general way with recent developments 
in arc lighting, both from papers read be- 
fore various societies and from discussions 
printed in the technical press. The new 
luminous arc rectifier system which is the 
practical embodiment of these developments 
represents a great advance in the art of 
illumination. The energy, economy, the 
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FIGS. I AND 2. 





brilliancy of illumination, and the character 
of distribution of the light are the marked 
advantages of this system. 

The essential features of the new system 
are the luminous arc lamp (Figs. I and 2), 
with absolute cut-out on the line, and the 
mercury arc rectifier set in the station. The 
rectifier is supplied with alternating current, 
and furnishes direct current to the lamps, 
which are designated to operate on direct- 
current circuits at four amperes, with 75 
to 80 volts at terminals. 


THE LUMINOUS ARC LAMP. 


Construction —The main frame of the 
lamp consists of a single large tube which 
acts as a chimney for carrying away the 
fumes of the arc. At the top of the lamp 
are wind shields which prevent downward 
drafts into the tube. 

The electrodes of the luminous arc lamp 
differ entirely from ordinary carbon arc- 
lamp electrodes. The upper electrode con- 
sists of a bar of hard drawn copper sup- 
ported by iron wings. The lower electrode 
is made of specially prepared composition 
contained in an iron tube 5% inch in dia- 
meter, by eight inches long. 

A horizontal reflector is placed inside the 
globe and in close proximity to the arc, and 
serves to throw an ample volume of light 
below the lamp without interfering with the 
main distribution of light in the horizontal 
direction (see Fig. 2). 

The casing is made of solid copper, with 
oxidized finish and supports a closed base 
outer globe (Fig. 1), the lower, part‘ of 
which is frosted to ensure an even. distri- 
bution of the light directly beneath the 
lamp. 

Operation.—Referring to Fig. 3, the ope- 
ration of the lamp is as follows: 

The mechanism is without floating parts 
and when the lamp is out of circuit its elec- 
trodes are separated with the lower elec- 
trode carrier detained by a stop which holds 
the tip of the lower electrode at a_ fixed 
distance from the upper electrode. When 
the current is thrown on, the pickup by the 
starting magnet brings the lower electrode 
into contact with the upper electrode. This 
operation allows the current to, flow through 
the series magnet thereby opening the cir- 
cuit of the starting magnet, at the cut-out 
contact allowing the lower electrode to fall, 
striking an arc. The lamp is then burning 
with the lower electrode carrier resting on 
its stop and with the series magnet holding 
the cut-out contact open. As the lower elec- 
trode is consumed, the voltage across the 
arc rises, the shunt magnet (which is 
bridged across the arc) lifts its armature, 
closing the cut-out contact when the arc 
voltage has reached a predetermined limit. 
The closing of this contact cuts the starting 
magnet again into circuit, thereby picking 
up the lower electrode and starting the 
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arc as before, with the correct length of arc 
for proper operation. 

The series magnet is of low resistance 
and causes a drop of only a volt or two 
between the terminals of the lamp and arc 
when the lamp is in operation. The lamp 
is so designed that only two single ad- 
justments are necessary: the adjustment of 
the shunt armature to feed the lamp at the 
proper arc voltage, and the setting of the 
stop for the lower clutch to determine the 
proper length of arc. 

The switch which has been ordinarily 
used with series lamp has been omitted as 
it has become common practice to install 
an absolute cut-out with each series lamp, 
thus making a lamp switch unnecessary. 

Advantages of the Luminous Arc Lamp. 
—The luminous arc lamp possesses qualities 
of such importance, that its introduction un- 
doubtedly means a_ revolution in street 
lighting. This lamp is superior to other 
lamps used for commercial purposes in re- 
spect to efficiency, distribution of light, 
color of light and low maintenance cost. Its 
principal feature is its high efficiency, 
which even without its other advantages 
would undoubtedly soon establish for this 
lamp an important position in street light- 
ing. 

Efficiency.—Readings made with the 
luminometer show that a luminous lamp 
consuming 310 watts at the terminals gives 
the same intensity of illumination at a 
distance of 309 feet that the 480-watt direct- 
current series enclosed arc lamp gives at a 
distance of 275 feet and that the 480-watt 
alternating-current enclosed series lamp 
gives at 247 feet. 

Distribution.—In the direct-current open- 
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carbon arc the positive (upper) carbon 
forms a crater of small area which emits 
over 90 per cent. of the light. The axis 
of maximum light distribution is at an 
angle of about 45 degrees with the hori- 
zontal, and the intrinsic brilliancy is un- 
duly high. The well-known disadvantages 
of the open arc are: 

1. Poor diffusion resulting in the cast- 
ing of hard black shadows from nearby 
objects. 

2. Wide variation in illumination due 
to the wandering of the arc. 

3. Intense illumination in the vicinity of 
the lamp with greatly decreased illumina- 
tion at the light intersecting point between 
poles. 

The enclosed arc lamp effects consider- 
able improvement in these particulars. Its 
distribution and diffusion of the light are 
better because of the longer arc and the 
blunter ends of the carbon points. 

The luminous arc lamp, however, effects 
still greater improvement by the possession 
of qualities of distribution and diffusion 
that render this lamp ideal for street light- . 
ing. ..Albethe: light’ comes “trom mthe vare 
which is exceedingly long, a feature which 
gives a nearly horizontal axis of maximum 
distribution and at the same time eliminates 
heavy shadows and contrasts. Moreover, 
the maximum and minimum luminometer 
readings differ but slightly, for the elec- 
trodes offer practically no obstruction to 
the light and the distribution is not 
disturbed by the wandering of the arc. 

Color.—The color of the luminous arc 
light is pleasant for street illumination. 
The light has a spectrum which is practi- 
cally the same as that of sunlight, and as 
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white as any artificial light in commercial 
service today. 

Low Maintenance Cost—The  main- 
tenance cost of the luminous arc lamp is 
very low. The upper electrode is copper 
and the arc burns at a comparatively low 
temperature which results in an average 
life of about 4,500 hours for its edectrode 
and a practically negligible cost for re- 
newal. The lower electrode has a burning 
life of 150 to 175 hours, which allows one 
man to take care of and trim a much 
greater number of lamps than is possible 
with open or enclosed carbon arc lamps. 
This long burning feature and the fact that 
only one electrode must be renewed gives 
marked economy in maintenance. 


THE SERIES RECTIFIER OUTFIT. 


The station end of the series luminous 
are rectifier system includes a constant cur- 
rent transformer connected to the alternat- 
ing-current source, and the series mercury 
arc rectifier panel with its accessories. 

Constant-Current Transformer. — The 
constant-current transformers used with 
the rectifier outfit, have the same general 
appearance and characteristics as those used 
with the series alternating arc-lighting 
System. 

The primary windings of the transformer 
(see Fig. 4) are connected to an alternat- 
ing-current supply of practically any volt- 
age. The secondaries are connected 
through small reactances to the anodes or 
alternating-current terminals of the recti- 
fer tube. A tap at the middle of: the 
secondary connects the transformer with 
one end of the direct-current circuit on 
which the lamps operate. 

The proper adjustment for current in the 
lighting circuit is obtained by small weights 
attached to the rocker arms which support 
the movable coils of the transformer. The 
transformer will regulate from full load to 
slightly below one-half load with constant 
secondary current. 

The constant current transformers for 
outfits of under 50 lights capacity, are air 
cooled, while the 50-light and larger sizes 
are oil cooled. 

Reactances—The small reactive coils 
already referred to, are enclosed in a 
common case, and protect the secondary 
from inductive kicks or high-frequency 
oscillations which may be caused by disturb- 
ances on the line circuit. 

Another reactive coil is inserted in the 
direct-current side of the rectifier circuit in 
series with the lamps, in order to reduce 
the pulsations of the rectified current. 

Rectifier Tube.—The rectifier tube is the 
means by which the alternating constant 
current is changed to direct current for the 
series circuit. It consists of an exhausted 
glass vessel (Fig. 5), containing one carbon 
anode or positive terminal in each of the 


a 


ENGINEER. 773 





SOS 


FIG. Ss. 


two upper side arms, two mercury starting 
anodes and the mercury cathode or negative 
terminals at the bottom of the tube. 

The rectifier tube is supported on. the 
panel in a movable wooden holder. The 
tube is put into operation by shaking it 
slightly, which causes a flow of mercury 
between the mercury starting anodes and 
the mercury cathode, thereby bridging the 
circuit and permitting a flow of current 
from the low voltage exciting circuit con- 
nected to the starting electrodes. The 
breaking of this bridge causes the forma- 
tion of a small arc at the bottom of the 
tube between the starting anodes and the 
cathode. With this small arc in operation, 
the main arc can be established by closing 
the primary switch of the constant-current 
transformer, which throws the secondary 
of the transformer in circuit with. the 
operating anodes of the tube. 

With the tube operating at four amperes 
there is a drop equivalent to about 25 volts 
or a loss of.100 watts, which is constant at 
all loads. Under normal operating condi- 
tion the average life of the tubes on 25, 50 
and 75-light circuits is over 400 hours. Re- 
ports from commercial installations show 
that the maximum life reported is over 
1,200 hours. Following is a quotation from 
a paper read by W. S. Barstow before the 
National Electric Light Association at its 
cenvention held at Atlantic City, in June, 
1900: : 

“There have now been in operation in 
Portland, for several months, over 800 
lamps with rectifiers, and the installation is 


744 


being rapidly increased as fast as deliveries 
can be made. The system has proved suc- 
cessful and has fulfilled expectations. 
Considerable difficulty in the form of 
static discharges and short life was 
at first experienced with the tubes. 
The tubes, which were of small size, were 
subjected to very rigid requirements on ac- 
count of the alternating-current pressure of 
18,000 volts, a pressure which was very 
much higher than anything yet attempted 
with mercury rectifiers. The tubes have 
now averaged over 650 hours and several 
have exceeded 730 hours, 500 hours being 
the economical requirement, and anything 
above this being in the nature of a gain 
in the original calculated efficiency of the 
system.” 

Capacity—The standard sets are de- 
signed for 12, 25 and 50 lights, although 
outfits of larger capacity can be furnished 
if required. 

Frequency.—One of the most important 
advantages in connection with this system 
is the readiness with which it can be 
adapted to circuits of any frequency from 25 
to 140 cycles. The standard sets are de- 
signed for 60 cycles, but outfits have been 
designed for and are in operation on cir- 
cuits Of 25, 33 and 4o cycles: 

Efficiency and Power Factor.—The ef- 
ficiency of the rectifier sets when operated 
at full load with rated primary voltage and 
frequency varies from 85 to 90 per cent. 
depending upon the capacity of the set. 
Under the same conditions the power factor 
varies from 65 to 70 per cent. 

Switchboards.—The switchboard consists 
of a single piece of blue Vermont marble, 
62 by 24 by 2 inches, supported on a pipe 
frame eight feet high. These boards are 
designed for installation immediately in 
front of the constant-current transformer 
and are not a portion of a complete switch- 
board. 

The following equipment is mounted on 
each board: One mercury rectifier tube, 
one tube holder, one handle for starting 
tube, one ammeter in protecting case, two 
open-circuiting plug switches, one short- 
circuiting plug switch, two primary plug 
switches (double-throw switches are fur- 
nished with 50 light sets,) one starting 
switch, one blower motor switch. 

Blower—A blower for cooling the recti- 
fier tubes is furnished with each set. This 
blower is direct-connected to a small horse- 
power motor operated from either a sin- 
gle-phase or a three-phase circuft. If 
several sets are installed, one larger blower 
with the proper system of distributing the 
air can be used for cooling all the tubes. 

Installation.—The series rectifier system 
was first introduced about one year ago, 
and since its introduction, orders have been 
received for over 80 sets, with a total ca- 
pacity of 4,500 luminous arc lamps, the 
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largest installation being at Portland, Ore., 
where a system of 1,200 lights capacity has 
recently been installed. 





THE STANDARDIZATION OF IN- 
CANDESCENT GAS MANTLES 


By Van RENSSELAER LANSINGH. 


A Paper Read before the American Gas In- 
stitute at Chicago, October 18, 1900. 


When electricity first began to be a 
competitor of gas in the field of illumina- 
tion, there was great fear among the gas 
interests that gas was to be supplanted by 
electricity, with the result that gas securi- 
ties at once fell off in value and it was 
some time before they recovered. It is not 
difficult to see why this panic arose. We 
can take as an average condition that gas 
at that time sold for $1.25 per thousand 
cubic feet (which is probably low) and 
that it gave approximately 16 CP per 5 
cubic feet. This made the cost to the con- 
sumer per hour 5% of a cent for 16 CP. It 
we assume that the electric lamp of that 
period consumed 4 watts per candle and 
that the cost of current was 20 cents per 
Kw. hour, the cost to the consumer was 
144 cents per hour for a 16 CP lamp or 
twice the price of gas. When all the con- 
veniences of electricity were considered as 
compared with gas, it was seen at once that 
if improvements in the efficiency of lamps 
and a reduction of electric rates ‘were pos- 
sible, electricity would shortly very largely 
displace the open flame gas burner. This 
reduction in the rates of electric current 
and improvements in lamp filaments did 
occur, but at the same time a new power- 
ful factor came to the aid of the gas in- 
dustry, namely the Welsbach or mantle 
burner. At the time, many gas companies 
feared that the introduction of this burner, 
consuming from 3% to 4 cubic feet of gas 
per hour and giving in the neighborhood 
of 60 CP would mean a serious reduc- 
tion in their revenues and bitterly opposed 
its introduction. As a matter of fact, the 
mantle burner proved the salvation of the 
gas industry, as far as lighting was con- 
cerned, as the ordinary open flame gas could 
never hope to compete with electricity 
with the lowering of rates and the introduc- 
tion of more efficient lamps. The in- 
troduction then of the mantle burner 
proved to be a most powerful factor in the 
gas field and opened up new sources of 
income to the gas company and enabled it 
not only to meet electric competition but in 
many cases to overcome it. 

Up to perhaps a year ago, the situation 
had resolved itself as follows: It might 
be taken on an average that gas was being 
sold for $1.00 per thousand cubic feet, and 
that the standard mantle burner, consum- 
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ing from 3% to 4 cubic feet, (3% under 
laboratory conditions, 4 under actual ser- 
vice) was giving a candle-power of 60 
candles. Electricity on the other hand was 
averaging perhaps 8 cents per Kw. hour, 
(in many cases more and in many cases 
less) and the standard lamp throughout 
the country was 3% watts per candle. In 
the large cities the customers were supplied 
with 3.1 watt lamps but in the smaller 
places it ‘was not unusual to find 4 watt 
lamps. Under these circumstances elec- 
tricity for the same candle-power was 
about 434 times as expensive as gas. 

Despite this overwhelming advantage for 
the gas industry, electricity, owing to its 
numerous advantages, has continued to 
grow, perhaps even more rapidly than gas 
and in many cases at the expense of gas. 
It is not necessary here to enumerate these 
advantages in detail since they are proba- 
bly fully as well known to the reader as to 
the writer. 

Attention is called, however, to one or 
two important advantages of electricity 
which are often overlooked by the gas man 
and which the gas engineer could do well 
to copy as far as possible. One of these is 
the ability to subdivide the light into any 
convenient size unit, varying all the way 
from powerful lamps of 100 candle-power 
to small miniature lamps of one candle- 
power or less. 

Second: The ability to place these dif- 
ferent size units in just the places where 
they are most needed and not attempt to 
illuminate a room by flooding all parts 
with light. 

Third: The ability to equip the lamp 
with glassware which would either direct 
the rays of light in ways wanted, such as 
opal, prismatic, etc., or else give diffusion 
with comparatively small losses by absorp- 
tion. 


During the past year the situation from 
the electric standpoint -has materially 
altered; there has been, in many cases, a 
reduction of rates, often of a more sweep- 
ing nature than corresponding reductions 
in gas, but the principal change has been 
in the introduction of new lamps of higher 
efficiencies. The first lamp of this nature 
to appear on the market was the Gem or 
High Efficiency type, consuming 2% watts 
per horizontal candle-power. 
lowed by the Tantalum lamp consuming 2 
watts per candle-power and the electric in- 
dustry is looking forward to the introduc- 
tion of a new type of lamp, the Tungsten, 
which is promised for the market at 114 
watts per candle-power. Other types of 
lamps such as the Osram, Osmium, Zirco- 
nium, Kuzel, etc., give promise of even 
higher efficiencies and it is confidently ex- 
pected by the electric trade that within two 
or three years, there will be lamps on the 
market with an efficiency of perhaps ™%4 


This was fol- 


watt per candle or 1-7 of the present 3% 
watt standard. Granting, however, that 
for some time to come, the 14% watt lamp 
will be as high an efficiency as will be at- 
tained in commercial practice, we see that 
the electric man will be able to reduce his 
current consumption from 3% to 1%4 watts 
per candle or a reduction of nearly % of 
the present cost. We therefore see that 
with the introduction of a lamp of this 
type, gas will be placed in the same position, 
perhaps not quite as good, as it was when 
we had only the old type of burner and the 
old 4 watt incandescent lamp. The cost of 
electric lighting then will not be greater 
than 1% times that of gas and with a pos- 
sible reduction to equal or even iower cost. 

This is the situation to be faced, perhaps 
not today but very shortly. Even today 
with lamps of the Tantalum type taking 3 
watts per candle we find that electricity has 
a greater advantage over gas than formerly 
as the cost is reduced to nearly one half 
of what it was. Thus if electric lighting 
has been able to grow at its former cost, it 
bids fair to grow even more rapidly under 
these conditions. 

This then is the situation as it must be 
looked at and the question arises, how are 
we going to meet these conditions? In 
some cases we find that there has been a 
union between the gas and electric inter- 
ests and that gas is pushed largely for cook- 
ing and electricity for lighting, but in the 
great majority of cases the gas and electric 
companies are separate and each is com- 
peting for all the trade it can possibly get. 
It is therefore necessary to analyze the sit- 
uation carefully and see what the gas man 
can do to meet this threatening advance on 
thet part Of electricity. 

It does not seem at the present, that any 
great advance can be hoped for in increased 
efficiency of the present mantle burners for 
ordinary use. Something has been accom- 
plished along this line through pressure 
burners but generally this means a mantle 
of such high intensity and high candle- 
power that it is necessary to largely offset 
this added efficiency by the use of dense 
diffusing globes, so that little or nothing is 
gained. Moreover the use of such ‘burners 
is necessarily limited. It seems, therefore, 
that the best way to meet this threatening 
competition is by the best use of the pres- 
ent materials available. 


Up to this time the gas man has given 
little or no attention to the correct placing 
and distributing of lights or to their equip- 
ment with the best glassware for the pur- 
pose in hand. In other words, the term 
“Tiluminating Engineering” is almost un- 
known to the gas man, but that the gas in- 
dustry is awakening to the necessity of 
more light on the subject is evidenced by 
the great increase in the demand for such 
information, and the fact that the Illumi- 
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nating Engineering Society but recently 
formed, numbers among its members those 
representing the largest gas interests of the 
country. In the transactions of this so- 
ciety the gas man finds the most authorita- 
tive data on the correct use of light, and 
the interest in this subject is one of the 
growing signs that the gas man will suc- 
cessfully meet electric competition. 


One of the latest weapons placed in the 
hands of the gas engineer is the inverted 
burner, where the natural distribution of 
light for ordinary illumination is far su- 
perior to the standard upright type. As 
far as distribution is concerned, it is pos- 
sible with the inverted burner to generally 
obtain with ordinary glassware, as good 
if not better distribution than with the 
upright burner equipped with the best, 
forms of redirecting and diffusing glass- 
ware. There are, of course, many disad- 
vantages today with the inverted burner, 
chief of which must be reckoned the dis- 
coloration of fixtures, and it would seem 
that the gas engineer has a fruitful field in 
getting fixture houses to design a line of 
fixtures which are especially suitable for 
the inverted type. Even the question of 
finish is important, as the ordinary brush 
brass or polished brass fixture tarnishes 
very quickly with the heat. If on the other 
hand, finishes such as verde antique or 
other dark finishes were used on both 
burner and fixture, the discoloration would 
show very much less. Of course in many 
cases such finishes would not be suitable 
but where they can be used it will do away 
largely with this serious objection. The 
attempt to adopt the inverted burner to the 
present type of fixture is generally unsatis- 
factory, but it should be an easy matter to 
design fixtures which will be suitable for 
the inverted type, so that it will be available 
in many places where not suitable at 
present. 

One trouble with the inverted burner on 
the ordinary fixture today is that it con- 
centrates too much light directly under- 
neath, as the fixture is generally hung 
rather low. If the fixture were properly 
designed so that it could be placed close 
to the ceiling and the lights governed by 
some form of distance lighter, such as 
the pneumatic and electric lighters which 
are now on the market, extremely good 
results could be obtained for lighting dif- 
ferent classes of rooms. Further if in- 
verted burners in small sizes should be 
designed so that two or three units would 
only consume the same amount, of gas as 
the present unit, we could obtain, when 
properly placed, a far more uniform or 
economical method of lighting. Such units 
could be placed closer to the ceiling than 
the larger ones where the concentration of 
heat is an important matter. In other 
words, % would be possible by the burner 


companies constructing small burners, 
either of the upright or inverted type, 
which can probably be made as efficient as 
the larger standard sizes, to meet one of 
the advantages which the electric man has 
today, namely, the ability of placing smaller 
units in positions where the illumination is 
desired. 

Another way where it is desired to use 
the upright form of burner is to make a 
more careful study of the best forms of 
burners and glassware such as was given 
in the paper by the writer before the West- 
ern Gas Association in May, 1906. The 
ordinary opal “Q” globe which has had 
such a phenomenal run, has been shown 
to be inefficient and should be replaced 
by better types. This paper does not admit 
of a fuller discussion as to how to improve 
the illumination by the best means available, 
but as this matter has been covered more 
or less fully in different technical papers, 
the writer would refer to the same. 


There is one question, however, which 
has been given altogether too little con- 
sideration, namely, the question of supply- 
ing the customer not only with the best 
type of burners, glassware, etc., properly 
placed, but also with the very best mantles 
possible. It is not uncommon today to find 
some of the largest gas companies selling, 
and in many cases recommending a mantle 
which retails. for irom. 5 to -1omscents, 
evidently failing to realize that it is 
impossible to give the customer the best 
satisfaction from such a mantle. Most of 
the electric companies have long ago 
graduated from such elementary ideas. We 
find today the large progressive electric 
companies going so far as to supply their 
customers, free of charge, with the best 
lamps obtainable and selected carefully for 
the voltage at the customer’s place of 
business or residence, and also maintaining 
expensive organizations to keep these lamps 
in the best possible condition. By this 
means many of the complaints which 
formerly troubled the electric companies 
have been done away with and they have 
been in better shape to meet the keen gas 
competition than would otherwise have 
been possible. When such a company buys 
its lamps it buys them on a set of rigid 
specifications. Thus tthe lamp , company 
furnishing the lamps must guarantee the 
initial candle-power of the lamps; must 
guarantee that it shall not vary more than 
one ot two volts either side of the rated 
voltage of the lamp; must guarantee that 
its life will be so many hundred hours 
before the candle-power has decreased to 
80 per cent of its initial _candle-power; 
must guarantee that all lamps be free from 
any mechanical imperfections, as well as 
fulfilling other requirements; and_ the 
question naturally arises, should it not be 
the policy of the up-to-date gas company 
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to follow along the same lines? Why 
should not such a company buy its mantles 
on a set of rigid specifications with a 
guarantee from the company from which 
it purchases its mantles, that all mantles so 
purchased should live up to these specifica- 
tions and with a penalty attached for any 
which fall below the standard? If this 
were done, it would probably do more to 
make satisfied gas customers than anything 
else which is at present available. 

In order to find out whether there was 
any material difference between a cheap 
mantle and a high grade mantle, the writer 
has had a series of tests made at the Elec- 
trical Testing Laboratories of New York, 
on 40 mantles, 10 being of the highest 
grade obtainable, 10 of a medium grade, 
10 of a still cheaper grade and finally 10 
of a very cheap grade. 

These four mantles are designed in the 
following test as. Nos. 1,2, 3,.4. ..No. 1 is 
an asbestos tied cap mantle supported by a 
ring and side rod covered with a magnesia 
tube, selling to the trade for 20 cents. No. 
2 is an asbestos tied, single side-rod sup- 
ported mantle, the cap form of which 
wholesales for 13% cents. This one was 
selected as it is often used with a center 
support. The price of the No. 2 is given in 
the cap form as the other three are of that 
type and this gives a better insight into the 
relative values entering into the mantles 
themselves. No. 3 is an asbestos tied, 
double rod supported cap mantle wholesal- 
ing for 824 cents. No. 4 is an asbestos tied, 
double rod supported cap mantle wholesal- 
ing for 624 cents. The forty lamps were all 
burned on gas obtained directly from the 
mains of the New York Gas Compaiiy, 
New York City, at pressures varying from 
P4jMtO 2.0% 1nehess of water. The iamps 
were mounted on two pipes which were 
drilled and tapped to receive the nipples. 
These pipes were fastened rigidly to the 
floor and wall of a large basement room, 
nearby machinery producing a slight vibra- 
tiom-at certain periods. of the: day. The 
lamps were mounted 10 inches apart, 20 
‘upon one pipe and 20 upon the other, being 
iInnvOLAnOnweN Gers 3-4) No.1, 2, 3, 4, etc. 

It had been intended to photometer the 
lamps at intervals throughout the tests 
while in position upon these racks. As no 
pressure regulators were available, results 
obtained would have been affected by pres- 
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sure variations in the mains. ‘Therefore 
it was found simplest to remove the gai- 
leries to a nearby photometer room and 
there carry out the photometric tests. This 
was done, in every case the lamp being 
supplied with gas at a pressure of one and 
one-half inches of water. Of course 
such removal of mantles and galleries is 
decidedly objectionable and the value of 
these tests is not so much from the stand- 
point of absolute values as it is to point 
the way for a more systematic and rigid 
investigation. However, as all mantles 
were tested alike we are able to draw at 
least comparative results. Photometric 
tests were made at the start, at 96 hours, 
194 hours and 555 hours. The 104 hour 
measurements are not comparable with the 
others inasmuch as the lamps were not re- 
moved from the rack and therefore there 
was a difference due to variation in pres- 
sure. These readings are therefore omitted 
in the report. 

Among many of the mantles minute 
breaks were observed during the first hour 
of burning, in some cases immediately 
after the mantles were burned off. The 
rather rapid increase in the number of 
such breaks made it apparent early in the 
test that the comparison of values would 
have to be based upon breakages more 
largely than upon candle-power deteriora- 
tion. In this case time did not permit of 
the complete test upon any mantles which 
might be substituted for those which were 
broken among the first group placed upon 
test, consequently it was decided to run all 
mantles for as many hours as possible and 


note the results. The breakage of ten 
chimneys at 364 hours however, (this 
breakage occurring when the gas was 


turned off the lamps) necessitated the re- 
moval from test of a corresponding num- 
ber of mantles, no replacement chimneys 
being at hand. Those which were in the 
worst condition were accordingly removed 
irrespective of the brand. At this time also 
the 5 other mantles which were unfit for 
further. service were removed from test. 
All other lamps burned for at least 555 
hours. 

It will be seen from the above descrip- 
tion that these tests are not at all satisfac- 
tory from the standpoint of deterioration. 
Thev do show, however, a great deal 
relative to the mechanical strength of the 
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mantles. Thus at the end of 555 hours, 
there were two mantles out of ten of the 
No. 1 and two mantles out of ten of the 
No. 2 which were in perfect condition, 
while none of numbers 3 and 4 were in 
good condition. 

The detailed results of how the different 
mantles failed are not given here, inasmuch 
as this paper is meant to be suggestive 
rather than a complete study of the situa- 
tion and only the general results are stated. 

The accompanying table shows the de- 
terioration of the different types of mantles, 
the values representing the mean of the 
different mantles tested: 

These results are shown graphically on 
Plate “1. 
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PLATE I. 

Regarding the test on type 1, it should 
be noticed that the initial candle-power falls 
off very rapidly during the first 100 hours 
after which the deterioration is very much 
more gradual. The figures given are the 
mean of the six mantles which lasted 
throughout the test of 555 hours. On ex- 
amining the ten mantles which lasted for 
96 hours we find that there is even a slight- 
ly greater drop during this time so that 
this test shows rather conclusively that 
there is a decided tendency to fall off 
rapidly in candle-power during the first 100 
hours of life. 
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Type 2 shows that there is a _ slight 
increase in the candle-power up to 96 
hours. Only 5 mantles were included in 
these figures. In the original report if we 
examine the complete test for ten mantles 
we find that instead of a slight increase at 
the end of 96 hours there is a decrease, so 
that in all probabilty a complete series of 
tests would show that the deterioration of 
this mantle was practically uniform, the 
same as is shown by No. 3. 

No. 4 exhibits the same characteristics 
as No. 1, namely a very rapid falling off 
in initial candle-power and a more gradual 
decrease afterward. The rapid decrease in 
No. 4, however, is greater than in No. I. 


Plate 2 shows ‘the characteristics of 


these four mantles with reference to their 


efficiency or the candle-power per cubic 
foot of gas at different periods of their 
lives. This plate shows as do the other 


tests that mantle No. 1 is of much higher 


efficiency than the others throughout its 
entire life and that No. 4, starting off with 
a high initial candle-power falls below 
the others after less than 100 hours burn- 
ing. No. 2 although starting lower in 
candle-power than any of the other man- 
tles is superior with the exception of No. 
t throughout® most of its Niex sElater2 
gives perhaps as good an idea as is possi- 
ble to obtain graphically of the relative 
values of these mantles and shows that 
their values are, roughly speaking, in ac- 
cordance with their costs. It is to be noted 
that there is on the whole comparatively 
little difference between No. 2 and No. 3, 
as far as the light giving quality of the 
mantles is concerned. A _ breakage test, 
however, would show that No. 2 is supe- 
rior to either \No:-3 or. No<4 and)iNos3 is 
better than No. 4. We thus see that the 
value of a mantle depends not only on its 
candle-power hour performance but also 
on its ability to withstand the usage which 
it is ordinarily subjected to. 


It will be noticed that No. 1 deteriorated 
in candle-power per cubic feet of gas in the 


555 hours of test about 24% and Nos. 2, 


and 3 about the same, showing that these 
three mantles deteriorated about equally. 
No. 4 however, representing the cheapest 
mantle tested, showed a deterioration of 
no less than 46%. The net low efficiency 
throughout the life of the No. 4 mantle is 
largely explained by the fact that the skirts 
of these mantles at the cap wore off at 
the bottom until no longer over-lapping the 
cap. In some part the wearing away of the 
skirt of the mantle may be explained by 
the fact that after these mantles were 
burned off, in most cases they were no 
longer cylindrical at the bottom, the dis- 


tortion causing them to rub against the. 


cap. One thing to be carefully noted from 
these tests is that some times the cheapest 
mantles on the market have a high initial 


a 
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candle-power but that they very rapidly 
fall off in value. This class of mantle is 
largely handled by peddlers and even by 
some of the gas companies in their en- 
deavor to increase the sale of gas. The 
practice of putting out such mantles as 
these is decidedly objectionable inasmuch 
as the customer, starting off with a mantle 
of high initial candle-power is apt to blame 
the gas company for the very rapid and 
marked decrease in light which leads to dis- 
satisfaction and opens up an opportunity 
for the electric company. 

As before stated, the results of these 
tests are unsatisfactory. The question as 
to the value of mantles is a very broad and 


comprehensive one and is not or should - 


not be determined by any one individual. 
The question being, in the opinion of the 
writer, of such vital interest to the gas in- 
dustry of this country, he would suggest 
that it is fitting for the new American 
Gas Institute, representing as it does al- 
most the entire gas industry of the country, 
to appoint a committee which would thor- 
oughly investigate the subject, the proper 
funds for the same being supplied by the 
Institute. Complete tests would be too 
expensive for one individual or company 
to carry on, over 100,000 cubic feet of gas 
being used in the tests given in this paper, 
while if shared equally by those who are 
interested, namely, by the members of the 
Institute the pro rata cost would be small. 
Further, if such tests were conducted indi- 
vidually they would lack the authority 
which would be given them by being con- 
ducted by the Institute. A similar com- 
mittee was appointed some years ago by 
the National Electric Light Association to 
investigate different forms of illuminants, 
especially arc lights for street lighting and 
the results of those tests were of great 
benefit to the members of the Association 
and the industry as a whole and remain 
today the standard in this country. Would 
it not be possible for the Gas Institute to 
employ competent engineers to carry on 
such tests so that the whole gas industry 
would reap the benefits? At the same time 
this would remove all questions of com- 
mercial bias. It might even be possible to 
establish a permanent laboratory under the 
auspices of the Gas Institute where man- 
tles selected from any given purchase 
could be sent and tested, such a laboratory 
to fulfill in the gas field the same place as 
the Electrical Testing Laboratories fulfill 
today in the electric field. Such a com- 
mittee could undertake to standardize a 
set of tests or specifications, which mantles 
of a given price or quality should undergo. 
The writer would tentatively suggest that 
such a committee consider the following: 

(1) The initial candle-power on a stand- 
ard gas, at a given pressure and with a 


given consumption, should be not less than 
a stated amount. 

(2) The life of a mantle should be a 
stated number of hours before it falls to a 
given percentage of its initial candle-power. 

(3) A mantle should undergo a jar test 
to prove its mechanical strength. A stand- 
ard jar test could be easily arranged so 
that all mantles would be subject equally 
to such vibrations. 

(4) The method of support for mantles 
should be stated. Tests could probably be 
conducted to determine the best method of 
support. 

(5) The weaves of mantles could be 
specified. Complete tests would undoubt- 
edly show which weaves are best adapted 
for different conditions. 

(6) The amount of shrinkage during 
the useful life of a mantle should be dis- 
tinctly specified, in order to prevent bind- 
ing at the skirt, etc, with jconsequent 
breakage. 

(7) The question of shape both before 
and after burning off should be carefully 
considered, as many mantles fail from such 


causes. 
(8) The question of color should be 
carefully considered and __ specifications 


should state the color required, as differ- 
ent colored light is required for different 
purposes. 

If rigid specifications ‘with a penalty 
clause were adopted by gas companies and 
the Institute or some standard laboratory 
could conduct such tests, it would be pos- 
sible to select, say, one mantle at random 
out of each thousand with the understand- 
ing that such a mantle represents the 
thousand. If such a mantle falls below 
requirements the entire lot would be pen- 
alized. 

If the large gas companies could buy 
mantles on some stich scheme of specifica- 
tions and see to it as far as possible, that 
the customers were supplied with such 
mantles (which of course the gas company 
could guarantee) the writer believes that 
it would do as much toward popularizing 
the use of gas as any other method now 
available and he respectfully suggests that 
the American Gas Institute appoint a com- 
mittee to further investigate the situation. 





NOTES ON STREET LIGHTING 
By J. I. MANGE 


Manager Watertown Light and Power Co., 
Watertown, N. Y. 


A special and very important. depart- 
ment of lighting has to do with streets and 
other outdoor spaces. It involves not a 
few unusual difficulties, for there is un- 
limited space to deal with as well as an 
indefinite variety of natural and artificial 
obstructions, and, save in narrow streets 
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bordered by high buildings, one gains little 
or nothing from the diffusion that is so 
important a factor in interior lighting; 
and in many instances the streets are so 
thickly shaded by trees that the problem 
of adequate lighting is very difficult, and 
one for which local data are necessary for 
its solution, if it is to be done properly. 
The amount and distribution of streets and 
the needs and distribution of the population 
are the controlling factors in the matter 
and obviously these vary greatly from place 
to place. 


It is interesting to note that it is now 
about twenty-five years since the electric 
are was first applied to street lighting, and 
it has proven itself to be really the only 
source of light profitable to consider. 

The incandescent lamp is by no means 
to be thought unfit for service, as many 
of them are now doing admirable work in 
small towns, in suburbs of cities and in 
many blind alleys and courts where the 
expense of an arc lamp is unnecessary. 
However, at the same total cost, the arc 
lamp gives a considerably higher average 
illumination, and experience shows that on 
the whole arcs which have to be inspected 
at frequent intervals for the purpose of 
trimming are kept nearer their point of 
maximum efficiency than incandescents. 


INCANDESCENT LAMPS. 


In streets where shade trees hang very 
low and the foliage is very heavy, arc 
lamps are at a great disadvantage. Here, 
as well as in many other places where there 
is no real need of a brilliant light, the 
incandescent is capable of doing good 
service at a moderate cost. Economy also 
sometimes dictates caution in the expendi- 
ture for street lighting, and in most cases 
recourse can be had to the incandescent. 

The incandescent lamp is usually fifty, 
seventy-five or one hundred candle-power 
when operated in series with the arc lamps, 
and sixteen, twenty-five or thirty-two can- 
dle-power when worked in series upon an 
alternating current circuit of one thousand 
or two thousand volts, taking two or four 
amperes. It should be noted, however, that 
lamps so operated are costly in the matter 
of renewals and difficult to operate satis- 
factorily. 

In view of the rapid deterioration of the 
brilliancy of the incandescent, it is not wise 
to space them over one hundred and twenty 
feet apart for good service; although in 
heavily shaded streets if one hundred 
candle-power lamps are used and placed on 
alternate sides of the street, the space be- 
tween consecutive lights may be three hun- 
dred feet and still produce a fairly well 
lighted thoroughfare. 

This makes the first cost of installation 
rather high, and therefore the cost per year 
to the city is higher, relatively, than the 
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arc lamp. For a fifty candle-power lamp 
the average price is twenty-five to thirty 
dollars per year. 


GAS LAMPS. 


Gas lamps have been used with consider- 
able success much in the same manner as 
incandescent electric lamps are used. The 
old-style open-flame lamp was a very waste- 
ful one, burning eight or twelve cubic feet 
of gas per hour with little illumination. 

With the advent of the incandescent 
mantle burner, such as sold by the Ameri- 
can Gas Light Company, of New York, gas 
lamps became quite popular and are used 
now to some extent. These lamps are 
economical, burning only three and one- 
half “to= four cubic eet spershour. flie 
average price for such service is about 
thirty dollars per year. They are, however, 
open to the objection that they must be 
individually lighted and extinguished. The 
rapid shrinking of the mantles with a 
diminution of candle-power is another bad 
feature. 

Gasoline lamps with individual tanks 
have been put on the market, but to the 
writer’s knowledge no success has been 
attained. 


ARC LAMPS. 


For about ten years the only available 
arc lamp was the open full are of two thou- 
sand nominal candle-power. These lamps 
operated at a-high amperage, approximately 
ten amperes, with a low arc voltage, 
producing a powerful white glaring light 
near the lamp, and when fitted with clear 
globes offered a method of illumination 
which impressed and satisfied the general 
public. who became accustomed to it and 
thought the more glaring the light, the 
better the lamp and system; while in fact 
the glare is the most serious objection to 
the open arc, because of the fact that in 
the presence of lights of great brilliancy the 
eye contracts and does not recover promptly 
enough in passing beyond the glare to get 
the full value of the relatively feeble light 
at a distance from the lamp. 

To meet the demand for cheaper light the 
“Half Arc’ of twelve hundred nominal 
candle-power was introduced. This, how- 
ever, had the same objectionable features 
as the full arc, except the glare in the 
vicinity of the pole was less aggravating. 


' INCLOSED ARC. 


The inclosed arc lamp is by far superior 
to the open arc. In it we have a long arc 
burning in an inclosed globe in which the 
air is practically free from oxygen. 
Although most of the light comes from the 
crater, still a greater percentage is emitted 
directly by the arc itself, owing to its 
length. 

A large portion of the crater’s area is 
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visible over a wider vertical angle and the 
crater is not so concave as in the open arc; 
hence less’ concentration and better dais- 
tribution of light. The principal variation 
in the light of an inclosed lamp is caused 
by the travel of the arc over the flat car- 
-bon ends. 

This variation can be greatly reduced by 
the use of an opal inclosing globe, which 
becomes luminous all over and obliterates 
the shadows which would otherwise be cast 
by the side rods and lower carbons. Even 
if we used a clear inclosing globe, the 
shadows are not so strong in contrast as 
those of the open arc. 


DISTRIBUTION OF LIGHTS. 


The number of lamps per mile is 
governed, to a great extent, by established 
location, distance between cross streets, 
length of blocks, and other local conditions. 
Nevertheless, the greater economy and 
superior illuminating value of small units 
is well worthy of consideration. 

While with a constant arc voltage the 
candle-power of an arc lamp increases in 
proportion somewhat more rapidly than the 
watts, the lighting distance increases only 
as the square root of the candle-power. It 
is therefore more economical to work with 
the lower efficiency arc at a short distance 
than with the higher efficiency are at a long 
distance. 

There are four standard units of the 
alternating-current inclosed lamp, viz., 485 
(7.5 amperes), 425 (6.6 amperes), 350 (5.4 
amperes) and 285 (4.4 amperes) watts per 
lamp. The distance to which these units 
will project a given illumination is 247, 
227, 197 and 178 feet, respectively, with a 
corresponding watt consumption per mile 
of 5,180, 4,940, 4,690 and 4,235, thus show- 
ing, in favor of the 4.4 ampere lamp, a Sav- 
ing of 945 watts per mile over the 7.5 
ampere lamp for the same illumination 
midway between lamps and with the ad- 
ditional advantage of confining their more 
brightly illuminated areas along the street. 

By maintaining 5,180 watts we can run 
slightly over eighteen 285 watt lamps per 
mile; but while the small unit will light 
a greater distance per watt, the advantage 
is somewhat offset by the increased initial 
cost and maintenance per mile for the 
additional small units required. 


LUMINOUS ARC LAMPS. 


There has been developed in the last year 
a lamp that is a wonderful improvement 
over all type of lamps; it is the luminous 
arc lamp made by the General Electric 
Company. It is a direct-current lamp of 
four amperes operated by either the Brush 
machine or Rectifier Tubes. This lamp 
operates with about three hundred to three 


hundred and twenty watts at the terminals 
and gives an effective illumination of about 
30 per cent. greater than the inclosed arc, 
either series, direct or series-alternating. 
Tests have shown that the direct-current 
arc with 480 watts at the terminals gives a 
certain illumination at 257 feet, the series- 
alternating inclosed are with the same en- 
ergy gives the same illumination at 247 
feet, while the luminous arc gives the same 
intensity at a idistance of 325 fect. @ltcas 
absolutely steady and casts no shadow. It 
has a life of 180 hours as against 80 hours 
for the other lamps and requires only one 
electrode at each trimming. 

Many cities which are installing new sys- 
tems have chosen the luminous arc lamps 
and the writer is installing them in Water- 
COW aN 


GLOBES FOR INCLOSED ARCS. 


The choice of globes for the inclosed arc 
lamps is a matter of some importance. 
Tests show that the opal inclosing and clear 
outer globe is a combination that gives 
the best results, the explanation being that 
the strongest. light throws from the are at 
an angle of 35 to 40 degrees below the 
horizontal, while it brilliantly illuminates 
the lower portion of the globe which 
diffuses the light upwardly and compensates 
for the loss by absorption through the use- 
ful angles. 


A 66 ampere series-alternating lamp has, 
under test, projected light through various 
combinations of globes as follows: Opal 
inclosing and clear outer, 227 feet; clear 
inclosing and clear outer, 207.9 feet; clear 
inclosing and opal outer, 192.4 feet; opal 
inclosing and opal outer, 188.5 feet. 

To advise in the abstract concerning the 
hanging of arc lamps is almost impossible, 
as local conditions practically force the use 
of one or the other of the various ways. 
Most arms and cross stspension are 
generally used where the: wifes aré OVver- 
head. 


Pole top fixtures are used occasionally in 
public squares, but are not very desirable 
where any other form of support can be 
used. 

Where the system is underground, orna- 
mental poles are desirable. The distance 
above the ground arc lamps should be hung 
must be determined for each individual 
lamp. For open arcs the distance should 
be about thirty feet; for series direct-cur- 
rent inclosed lamps, twenty-two feet; for 
series-alternating inclosed lamps, eighteen 
to twenty feet; for the luminous arc, about 
thirty feet. However, in heavily shaded 
streets it has been found desirable to hang 
lamps as low as twelve feet from the 
ground. 


782 THE ILLUMINATING VENGINEEie 


Commercial Engineering of Illumination 


ABOUT GAS ARC 
LAMPS 


By Bert MASon. 


SOMETHING 


A few days ago when the writer was 
requested to prepare a paper for this meet- 
ing the subject suggested was, “Something 
About Gas Arc Light.” So, with your 
kind permission and indulgence, it will 
give me great pleasure to have the honor 
of addressing you on this subject. 

In the first place, let us consider what a 
gas arc is worth to a gas company as a 
revenue producer. Most gas men of today 
will all agree that 24,000 cubic feet per an- 
num is a very conservative estimate for 
4-burner arc lights. However, it is the 
opinion of the writer that 36,000 cubic feet 
is a modest estimate on the consumption of 
a 4-burner arc, if sold by a salesman of 
gas, instead of being placed on the market 
by a salesman of appliances. The sales- 
man of gas will, in all cases, endeavor to 
put the arc lights in the market where they 
will work the greatest number of hours. 
On the other hand, the salesman of appli- 
ances will endeavor to sell arc lights any 
place where they can be hung, regardless 
of what they would burn. The difference 
between the salesman of gas and gas ap- 
pliance salesman is obvious, and ithe aver- 
age estimated consumption of arc lights 
may be greatly increased or lowered, ac- 
cording to the salesman and plan you have 
of placing the arc lights on the market. In 
order to obtain a first-class salesman, pay 
him always according to the quality of his 
business, as well as the quantity. 


To save time, and to avoid’an argument 
as to the average estimated consumption of 
gas arc lights, let us concede it to be 24,- 
ooo cubic feet per annum. Now, compare 
the gas arcs with the eas range Jat “an 
average estimated consumption of 16,000 
cubic feet per annum, which is considered 
a very liberal estimate by the gas men 
from coast to coast. There, in plain facts 
and figures, we have the gas arc leading 
the range by 8,000 cubic feet. Inasmuch as 
gas companies derive the bulk of their 
revenue from gas sold for the purpose of 
hghting and cooking, it simply means the 
gas companies must depend principally on 
gas arcs and gas ranges. Any appliance 
that will consume gas and give the con- 
sumer satisfaction has its place in the 
sales end of the gas business, but, after all, 
only incidentally to the chief revenue pro- 
ducers, namely, the gas arc and the gas 
range. When you sell a consumer one 
range, that is all he really has use for, and, 
in fact. all he needs. It is just the reverse 
with the gas arc. When you sell a gas 


arc, if, indeed, you but sell one, it is only 
a matter of a very short time when the 
consumer will discover he really needs 
from one to several more gas arcs. So to 
be as brief as possible, the writer will say 
that, as a result of his experience in many 
different states, the average of three arc 
lights to a consumer is not at all excessive. 
Now, then, we have three arc lights to a 
consumer as against one range, or 72,000 
cubic feet against 16,000 cubic feet, accord- 
ing to the universally acknowledged esti- 
mation of these appliances. Some gas men 
will say they sell ten ranges to one arc, 
and, if so, they would be deserving of great 
credit for the gas range sales; but the same 
couldn’t be said as to the output of their 
gas arcs. There is not a city of 75,000 
population or over but can make their gas 
arc light sales equal that of their ranges; 
and as the cities increase in population so 
should the sales of gas are lights increase 
in proportion to the sales of gas ranges, at 
least three to one, including residence arcs. 
Residence gas arcs for residence use should 
average 10,000 cubic feet per annum; but 
suppose they only average 5,000 cubic feet 
per annum, and from one to three could be 
installed in every residence, would not that 
be a great increase in the residence dis- 
trict? Every house has room for a gas 
range, and always has room for one or 
more residence arc lights. Not so with 
every house as regards to the gas range, 
because there are several houses that ac- 
tually do not have room for a gas range, 
but in every case have room for a resi- 
dence arc light. There is a great deal 
more that could be said in favor of the gas 
arc aS a revenue producer; but let us 
rest that question with the above remarks 
and proceed to the next phase of the sub- 
ject. 

Having briefly considered some of the 
reasons why we should sell the arc lights, 
the next question is, “How shall we sell 
them?” At the very start off secure the best 
“salesman of gas” that money will obtain, 
for it is better to have an expert in this 
line of work for two months at a high 
salary than to employ inexperienced men 
on a small salary for a year. Carefully 
consider and study the local situation, es- 
pecially with reference to such competition 
as there may be, taking great care not to 
fall into the common error of overesti- 
mating the competition. After the above 
consideration it will be possible to outline 
a systematic plan to sell gas arc lights that 
will give a large and certain increase in 
gas sales. No matter how clear a field 
there may be regarding competition at 
present, always remember to regulate the 
methods of doing business with the plain 
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fact in view that we are on the market to 
sell and increase the sale of gas as a per- 
manent institution. The public of today 
must be catered to. After an increase in 
gas sales has been obtained, there is no 
other business in the world that will re- 
quire any more nursing and cultivating to 
retain it. Stay right with it all the time. 
The increase in gas sales will depend large- 
ly on the success met with in holding that 
which has already been obtained. When- 
ever competition is light enough to place 
appliances on the market without losing 
money, it is but fair to do so, providing 
the margin of profit is not progressively 
increased, until a bad obstacle is placed in 
front of the main feature to be accom- 
plished, that of selling. gas. There are 
very few people who would buy a dozen 
gas arcs at $12 each, as against many peo- 
ple who would buy a dozen at $8 each. The 
cost of equipment often stands in the way 
of a very fine piece of gas business when 
the gas company insists on making quite a 
margin of profit on appliances. This is 
not as it should be. Cut out the profit on 
appliances. Sell them at what they cost 
you installed, and increase your output of 
gas sales that much. If it tis thought wise 
to make a profit on appliances, why 
wouldn’t it be better to make that profit on 
miscellaneous appliances, which ordinarily 
consume very little gas, and then keep the 
cost of the gas arc and gas range as low 
as possible? It would be out of the ques- 
tion to outline a method of procedure 
which would be applicable to all conditions, 
but one interesting case in point will be 
cited. 


A commercial department consisting of 
14 men, located in the State of Ohio, com- 
peting with natural gas at 45 cents per 
1,000 cubic feet, as against 95 cents per 
mooOmcubic feet for artificial gas, in a 
period of go days installed 1,400 arc lights, 
800 of these being natural gas and electric 
displacements and the balance increased 
consumption. To accomplish such a 
wonderful result arc lights were installed 
on the following basis: Consumers would 
sign a contract to pay a minimum charge 
of $1.50 per month for each arc light in- 
stalled. this amount to apply on their gas 
bill. In addition to the above charge, the 
consumer would pay 25 cents per month 
per arc light for maintenance, and the en- 
tire contract would be signed for a period 
of three years. Simplified, the above plan 
means the gas company loaned the consum- 
ers as manv gas arcs as they could use for 
a period of three years, which consumed 
not less than $1.50 worth of gas per arc 
light every calendar month during the 
period of the contract. At the end of three 
vears. instead of renewing these contracts, 
it will be a very easy matter to sell most 
of these arc lights as second-hand, for 


$5 each, just where they are hung. The 
main feature will be, however, for the 
gas company to give perfect service in 
everye respect during the period of the 
above-mentioned contract, and then at the 
end of three years the consumers will be 
glad of an opportunity to purchase the are 
lights and burn what they like without 
being tied to a contract at all. Again, 
some of the above-mentioned arcs were 
sold on a one-year contract at what they 
cost, the gas company installed, provided 
the consumer would agree tio burn artificial 
gas for a period of one year. You must 
form your own conclusions as to whether 
such methods were wise in the natural gas 
country, and in summing up the situation, 
do not overlook the increased revenue 
made for the gas company by this mthod 
of installing arc lights. 

Another good plan for installing gas arc 
lights is that of renting them for $5 per 
year in advance, including maintenance. At 
the end of the year the consumers can lease 
the are for another year at the same figure, 
or they can purchase and own the arc by 
paying $5, the gas company crediting $2 
of the $5 paid in advance to the mainten- 
ance and the balance of $3 for the rental 
of the arc. If the consumer decides to buy 
at the end of the first year, the company 
will have received $8 for its arc, according 
to these figures submitted to you. If, on 
the other hand, the consumer decides to 
lease for another year, you have received 
$6 for the arc light and $4 for the two 
years’ maintenance. This money being 
paid in advance, at the end of the Becond 
year we can afford to sell the arcs for $4 
to the consumer, and then will have re- 
ceived $10 for the arc and $4 for two years’ 
maintenance, which givesa total of $14 per 
arc light, including two years’ maintenance. 
Out of the total of $14 received on the 
above plan, credit $6 to the maintenance 
and still you have a balance of $8 to the 
credit of the sale of-the are light. The 
cost of maintaining arc lights differs con- 
siderably for many reasons, a few of which 
might be considered. 


First, the territory may not average two 
arc lights to a consumer, which will have 
a tendency to make the maintenance ex- 
pensive on account of the ground you have 
to cover. That can be overcome by forcing 
your gas arcs to make a larger average per 
consumer. 

The best manner in which to make the 
maintenance expensive is to engage cheap 
and incompetent help to take care of arc 
lights. The men in charge of a gas arc 
maintenance route can very easily make or 
waste, his day‘s pay by a little carelessness 
and lack of good judgment. This sort of 
man would not have to go far before the 
cost of mantles would cause the mainten- 
ance to be a mighty expensive proposition. 
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Why wouldn’t it be good policy to pay the 
maintenance man a fair day’s wages, and, 
in addition to that, a suitable bonus for 
perfect work performed, according to the 
satisfaction of the consumer? Pay the men 
the bonus on the first of every quarter. 
This length of time wouldn't be long 
enough to cause the man to lose heart in 
his efforts; and, on the other hand, would 
be a good stimulant to retain first-class, 
permanent men, such men, in fact, as gas 
companies must engage to perform the 
duties in one of the most important depart- 
ments connected with the whole gas in- 
dustry today. 


It is only the man that has personally 
mixed with the consumers who thoroughly 
understands the great necessity of a per- 
fect working maintenance department. 
When so much depends upon it, why not 
study the question constantly, watching 
every Opportunity to better the service and 
always make it a little more perfect? On 
the bonus payment plan, the maintenance 
man should be given credit marks for per- 
fect work accomplished with the least ma- 
terial used. In the event of complaints 
reported, the man should have marks de- 
ducted from his credit, according to the 
nature of the complaint received. Like- 
wise the men should receive their ratio of 
the bonus according to the least material 
used. Cattse considerable bookkeeping? 
Oh, yes; some. However, a mere bagatelle 
when you consider the object and the result 
to be accomplished thereby. Passing now 
to the next natural division, what shall we 
say to cause the consumer to buy arc 
lights? Say almost anything you think 
the consumers would want you to say, and 
agree with them in all their troubles. 
Never approach a man directly with the 
suggestion to increase his gas bill. That 
above anything else in the world is re- 
pulsive to most prospective consumers. 
They will increase many other expenses 
willingly, but when it comes to asking them 
directly to buy more gas they are ready to 
annihilate you. Consequently the intelli- 
gent gas salesman will endeavor to sell 
his gas to a certain extent in disguise. For 
example, he will point out many instances 
where expenses can be cut, in which a 
business man is spending his money use- 
lessly and absolutely without returns. 
Then turn and show him where this money 
that has been wasted can be applied with 
results which must be far ahead of the man- 
ner in which he has been operating. It 
will be very necessary to make no mis- 
takes, to understand the proposition thor- 
oughly and to present it in a shrewd, cal- 
culating and convincing manner. Always 
be able to prove and stand behind any 
statements you may make to a consumer. 
Again, use your very best endeavors to so 
word your statements that they will be 


perfectly clear. Never try to sell a man gas 
by getting him mystified, for invariably 
when such consumers become perfectly 
clear on the matter they will say you mis- 
represented the proposition. Talk illumi- 
nation for advertising and gas arcs for il- 
lumination. There is nothing to beat that 
argument with the inside and outside gas 
arcs. ‘These are articles -with which- a 
consumer can be served with considerably 
more of the best kind of advertising for 
the least money, just when and where they 
need it, than with anything else on the 
market. In such advertising they are not 
compelled to gamble on results, but they 
can observe to their entire satisfaction 
great, big returns for the investment. 


The objection of the heat in gas.arcs, as 
against that of electric lights, can be large- 
ly overcome when you show the consumer 
that he can purchase gas for lighting for 
so much less than electric lighting, that he 
can pay for the use of fans during the hot 
months and still have a good sum of 
money left to his credit which he would 
not have if he burned electric lights. The 
gas company can afford to use liberal con- 
sideration toward its chief competitor, the 
electric company. There is a whole lot of 
business in the way of lighting and power 
that the gas company does not want and 
is not entitled to. The wise manager of 
an electric company knows perfectly well 
where the line is and should confine his 
company’s efforts in soliciting business to 
that class of work, which he is better able 
to serve the public. 

Today the electric companies are in no 
position to compete with gas companies in 
serving straight illumination or window 
lighting. 

The famous great, white light, more 
commonly known as the outside gas arc, 
has made window lighting the greatest, 
cheapest and best proposition which a 
merchant can indulge in today. They not 
only light his windows in the best possible 
manner, but light the whole front of 
his store and street at the same time, for 
the one cost. If the outside arc is such a 
grand proposition why don’t more of the 
merchants use that instead of electricity? 
Simply because the supply of first-class 
retail commercial gas salesmen is very 
limited. Consequently the gas company 
has not been able to present the subject of 
outside window lighting as it should be to 
the merchants in most cities, and have very 
wisely refrained from sending out inex- 
perienced men who make a miserable fail- 
ure and only weary the business men. 

Great caution must be exercised regard- 
ing the kind of men you intrust your 
business territory to, but most any kind of 
a house-to-house peddler can make a gas 
range salesman. It would be, indeed, an 
injustice to the outside gas arc for window 
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lighting and novelty advertising to rest the 
subject without stating something of the 
virtues as referred to. 

With the outside gas arcs equipped with an 
alabaster globe, installed properly on the 
outside and in front of the windows, the 
merchant will receive the following bene- 
fits: First, more actual candle-power of 
light to the gas arc lamp by 200 per cent 
in proportion to the number of electric 
lights installed in any windows. Second, 
receiving the benefit of all the light he is 
paying for, situated where it will serve a 
double purpose, that of lighting his win- 
dows perfectly without having to hide it, 
and the further effect of lighting the street 
and store in front. 

This is not true with the ficden electric 
light, constructed so as to throw the light 
in the window. It necessarily takes so 
much from the outside. You can prove 
this statement by looking along the side 
of the street you are standing upon, and a 
few doors from where you are it will be 
difficult for you to determine where there 
is a lighted window in a block. With the 
outside gas arc you know there is a well- 
lighted window from the fact that you can 
see it several blocks away. There are a 
few narrow-minded merchants who object 
to the outside arc because they claim they 
do not want to light the city. Don’t waste 
time with them. Leave them to see their 
mistake, and when the outside arcs are 
started such people will soon fall in line. 

Other excellent places to install gas arcs 
are on the second and third stories of 
buildings, just outside of the windows, 
where they can be easily trimmed from the 
window sill. Either white or colored globes 
can be used for this class of work, making 
a big hit as novelty advertising. There is 
located in this city, just across the street 
from the gas office, a French restaurant, on 
the second floor of which are installed 4 
outside gas arcs with colored globes. The 
proprietor claims those arcs lees attracted 
more people, to look up first, and then go 
up, than any other kind of advertising he 
could have purchased. 

Last of all, let us consider the trial pro- 
position. Is it wise to install gas arcs on 
trial? Yes; if you are careful. Thoroughly 
understand your prospective deals. Make 
a perfectly clear statement with reference 
to what you are sure your light will do in 
the place where it is to work, then the 
maximum cost per hour for burning: fol- 
low up with tact, energy and enthusiasm, 
and, above all, with perfect confidence in 
the successful closing of your trial orders. 
A gas salesman with a fair knowledge of 


the business, observing the above sugges- 
tions, can stick 95 per cent, of all the arc 
lights he will install on trial. The gentle- 
men soliciting in this city have installed 
about 150 outside gas arcs since last March 
mostly on trial. Records show only 3 re- 
turns. Two of this number could not be 
successfully closed because one gentleman 
claimed he received light enough from the 
3 outside arc lights which his next-door 
neighbor, a druggist, who had recently pur- 
chased and since paid for under trial plan. 
The remaining arc was taken down on ac- 
count of lack of room to use a screen door, 
but will be rehung in the fall. 

As far back as most of us can remember, 
a striped pole has advertised the fact that 
there was a barber shop wherever you 
could see such a pole. It is not only a local 
emblem for a barber shop, but a national 
and even international emblem. Very good 
for daylight use and absolutely necessary. 
However, when daylight ceases, the value 
of the barber’s striped pole has diminished 
to the extent of advertising only directly in 
front of his shop. Ordinarily, a barber’s 
best and busiest hours are the hours be- 
tween dusk and closing time. Instead of 
losing their “ad,” entirely just when they 
need it most, as they do with the striped 
pole, what would it mean to barber shops, 
and, incidentally the gas companies, to 
patent and incorporate a simple scheme 
something as follows: Have outside gas 
arc globes made in red, white and blue 
stripes to be used for barber shops only, 
exclusively upon gas arcs. Have we a 
right to presume barbers would take kindly 
to this proposition? It would appear so 
from the fact that we are living today in an 
advertising age; then the absolute necessity 
of such an “ad,” for the barber shop; and, 
last of all, the phenomenally low cost of 
running such an “ad.” in consideration for 
what results the barbers would receive. Of 
course it doesn’t cost anything to use the 
striped pole, neither will the pole work 
after dusk, If the barbers need an aes 
sign in the daytime, they have double ne- 
cessity for an emblem light at night. The 
same subject could be carried further even 
to the drug stores by giving them an em- 
blem light in the form of a round, white 
globe with a red cross. If the gas com- 
panies would get together and start this 
movement all over the country simultane- 
ously, advertising the scheme hberally, in- 
side of six months a large, round, striped 
globe would be known as a barber shop at 
night for oP distance, just as much as a 
striped pole denotes the same fact by day- 
time at present. 
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AMERICAN ITEMS 


PRELIMINARY MEASUREMENTS ON TEMPERA- 
TURE, AND SELECTIVE RADIATION 
OF INCANDESCENT LAMPS. 


By CW.) Waidner and eG: Burcess: 
National Bureau of Standards, 
Washington, D. C. 


The high efficiency attained in some 
recent metal filament lamps raises the ques- 
tion whether this is to be attributed to 
selective radiation or to a higher working 
temperature of the filament, or to both. In 
this’ region of high temperatures almost 
no data are available bearing on this ques- 
tion,, and we have, therefore, thought it 
worth! while to communicate some pre- 
liminary ‘results obtained with filaments of 
carbon, tantalum and tungsten. 





a previous calibration by comparison with 
thermo-couples and a black body source, 
the relation between the current in the 
filament and its equivalent black body tem- 
perature is known. 

An observation at one temperature con- 
sists in setting the two filaments, F and L, 
to the same brightness as C, and measur- 
ing the currents in F and L. The tempera- 
tures of C and of F are then known from 
the calibration of «2° Prom a series cof 
such measurements at different tempera- 
tures the temperature current curve for 
the filament F may be drawn. 

Temperature Scale—The lamp L being 
calibrated by comparison with a_ black 
body, when sighted on another incandes- 
cent body, reads not its true temperature, 
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TEMPERATURE MEASUREMENTS. 


The filament, #, of the lamp under ob- 
servation is mounted in front of the carbon 
ribbon, C, which is itself within an evac- 
uated globe, in such a way that by means 
of the lenses O and E& the filament is seen 
superimposed on the carbon ribbon, C. 
This ribbon may be heated electrically to 
any desired temperature, which is meas- 
ured by means of the Holborn-Kurlbaum 
optical pyrometer, the principle of which 
is briefly as follows: The current in the 
pyrometer lamp, L, is adjusted until the 
filament is of the same brightness as the 
incandescent body under observation. From 


but something lower, by an amount de- 
pending on the emissive power of the body. 
By the term “black body temperature’ is, 
therefore, meant the temperature at which 
a black body would send out radiation of 
the same intensity as that from the object 
observed for a given wave length. A body 
at a given temperature will in general 
have a different black body temperature 
for each color, that for red being lower 
than for green or blue. In this paper the 
term temperature, unless otherwise quali- 
fied, is taken to mean the black body tem- 
perature Centigrade, as given by an optical 
pyrometer using red light, ,~0.66/. 

To study the selective radiation for dif- 
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EQUATIONS FOR TUNGSTEN LAMPS. 
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ferent colors, the filament F was calibrated 
with red, green and blue light, obtained by 
interposing monochromatic glasses at G. 

The measurements were made in the 
range 700°-1,850°C., which was the safe 
upper limit of the carbon ribbon, C. Higher 
temperatures of F. were then obtained by 
extrapolation of the current temperature 
relation. As to the reliability of such extra- 
polation we have found that lamps cali- 
brated to 1,300° were still in agreement to 
within 1° or 2° when extrapolated for 
300°, and further that these extrapolations 
are in satisfactory agreement with other 
methods of measuring temperature. 

Precision of Method.—As an illustration 
of the results attainable by this method we 
cite the measurements made on a 100-volt 
metal filament lamp, very probably tungs- 
ten. 


SELECTIVE RADIATION. 


Regarding the significance of selective 
radiation and its bearing upon the problem 
in hand, the radiation of platinum for red, 
green and blue, as compared with black 
body radiation, may serve as an extreme 
illustration. In the following table are 
grouped some results obtained from meas- 
urements of the black body temperatures 
of platinum for red, green and blue, at 
various known temperatures. 

We may interpret these results as fol- 
lows: 

As a first approximation suppose that 
the platinum is at a true temperature of 
1,700°, then its radiation for green light is 
equal in intensity to the radiation of a black 





body at 1,545°. The platinum radiation will 
be somewhat greater than that of this black 
body for blue light (viz.: equivalent to a 
black body at 1,575°) and somewhat less 
for red (viz.: 1,505 ).. The total luminous 
radiation of the two is, therefore, not very 
different, and as the maximum sensibility 
of the eye is in the green their photometric 
appearance will be very nearly alike. Now 
the maximum energy for both is in the 
infra red, and for these long wave lengths 
the black body temperature of the platinum 
falls still more behind that of the black 
body. It will be seen, therefore, that the 
energy of luminous radiation is distributed 
more favorably for platinum than for a 
black body. 

In the calibration of the carbon filament 
pyrometer lamps against a black body, no 
appreciable difference (less than 2° C.) 
could be detected in the current tempera- 
ture calibration equations using red, green 
and blue light. It does not follow from 
this, however, that the radiation from car- 
bon is the same as that from a black body; 
on the contrary, carbon is known to depart 
considerably from ideal blackness, although 
in the visible spectrum it shows no appreci- 
able evidence of selective radiation; and 
for this reason is sometimes called a “gray 
body.” 

TUNGSTEN LAMPS. 


Four tungsten filaments gave the follow- 
ing current temperature relations, where J 
is the current in amperes in the filament 
and ¢ is its corresponding black body tem- 
perature for the radiation (color) studied. 

All but lamp No. 11 were low-voltage 
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experimen‘al lamps designed with a view 
to studying the behavior of tungsten at 
high teraperatures. The experimental data 
for lamp -No: 11 are given above. (See 
Table I e¢ seq.) 

At normal voltage (100 v.) the current 
in this lamp was 0.644 amp., from which 
the corresponding temperature given by 
its equation is 2,135° C., indicating a true 
temperature of the filament of about 2,300° 
C. (See Table IV.) At 100. volts the can- 
dle-power of this lamp was 68 and its spe- 
cific consumption 0.95 watts per candle 
(mean horizontal), from data furnished 
by Dr. Hyde, of the Bureau of Standards. 
Lamp No. 10 was burned at a temperature 
of 2,400° C., (about 2,570°C. true tempera- 
ture) for 114 hours when it burned out. 

Selective Radiation.—The selective radia- 
tion of tungsten was studied as in the case 
of platinum by measuring the black body 
temperatures of the filament for red, green 
and blue light. The results as given by 
the equations of Table IIIT are shown in 
Table IV. 

The appearance of the filament of lamp 
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terioration of the filament took place, ac- 
companied by the formation of an irides- 
cent deposit on the bulb. 

Melting Point of Tungsten.—By noting 
the current required to burn out a tungs- 
ten lamp and substituting in the proper 
current temperature equation (Table II) 
an idea of the melting point of tungsten 
may be obtained. Lamps I and 5 were 
burned out at temperatures of 2,950° C. 
and 2,850° C., respectively, which indi- 
cates a mean true temperature of about 
3,200° C, for the melting point of tungsten. 
Both filaments formed shiny beads indicat- 
ing a real melting and not a disintegration 
due to evaporation as in the case of car- 
bon filaments. There was no appreciable 
deposit in the bulbs after burning out. It 
would appear that tungsten has the highest 
melting point yet measured. 


TANTALUM LAMPS. 


We _ have thus far examined only two tan- 
talum lamps, whose current temperature 
equations are given in Table V. 

The filament of No. 9 had been broken 
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No. 11 when cold was more polished than — 


that of No. 10, and the table shows No. II 
to act the more like a bright metal such as 
platinum. Another lamp whose filament 
resembled that of No. 10 gave sensibly 
identical values with the latter. The last 
column in Table IV giving the approxi- 
mate values of the actual temperatures of 
the tungsten filaments is obtained by add- 
ing to the black body temperature for blue 
light, twice the difference between the read- 
ings for red and blue light, a relation 
found to hold fairly well for platinum, 


which shows this selective effect much 
more than does tungsten. (See Table II.) 
A filament, the composition of which 


was stated to be 30 per cent of tungsten 
and 70 per cent of zirconium nitrate, gave 
practically the same selective radiations as 
tungsten. When run 
somewhat above the normal working tem- 
perature of the tungsten lamp, a rapid de- 





at a temperature. 


and rewelded by shaking. No. 8 was the 
ordinary 110-volt lamp. At 110 volts the 
current was 0.380 amp., indicating a tem- 
perature of 1,865° C., or a true tempera- 
ture of about 2,000° C. (see Table VI). 
This lamp was heated for one hour atthe 
normal temperature of the tungsten lamp, 
2,135. C., after which’ -a~ recalibration 
showed a marked increase in temperature 
(about 2 per cent) for a given current. 
A further two hours’ heating at the same 
temperature showed a further rise of 1 
per cent. After standing ten days it re- 
covered almost completely; the tempera- 
ture of normal burning (110 v.) as de- 
termined from a new calibration being 
1,870° C. Lamp No. 9 was burned at 
2,200° C. for seven hours and showed the 
same phenomena, but to a greater extent, 
and there was a very marked blackening 
of its bulb. 


The increase in efficiency of these metal 
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TABLE VII, 
EQUATIONS OF CARBON FILAMENT Lamps. 
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filament lamps in the early stages of burn- 
ing is well known. The above experi- 
ments indicate a rise in temperature dur- 
ing this stage of the burning. Sufficient 
data are not yet at hand to determine 
whether this is due to a smoothing of the 
surface with use as has been suggested or 
to an improvement in the vacuum with 
burning. If the increase in efficiency is due 
to an increase in the polish of the surface, 
and therefore in the selectivity of the radia- 
tion, it would probably result in further 
separating the red and blue calibration 
curves. 

Selective Radiation—In Table VI are 
given the results of measurements on the 
selective radiation of tantalum, as obtained 
with lamp No. 8 

For the sake of comparison with the 
metal filament lamps a study was made of 
the temperature behavior of some of the 
ordinary types of carbon filament lamps, 
including 4, 3.5 and 3.1-watt lamps. The 
current temperature equations of five of 
these lamps are given in Table VII. 

With a view to determining the maxi- 
‘mum temperature attainable with carbon 
filaments, several of these lamps were 
burned out by quickly increasing the 
Current, 

Owing to the rapid deterioration of the 
carbon filament the maximum temperature 
that can be attained depends on the rapidity 
with which the temperature is raised, the 
thickness and condition of the filament, etc. 
For these reasons it is impossible to state 
with precision the temperature at which the 
filament finally breaks down, as the calibra- 
tion equation no longer applies but serves 
nevertheless to define a lower limit of the 
temperature of destructive disintegration, 
which varied between 2,500° and 2,800° C. 
for these lamps. At the normal working 
temperature of the tungsten (2,135°) the 
carbon lamp shows rapid deterioration. 


The normal burning temperatures of 
lamps 3, 4, 6 and 7 ranged from 1,695° to 
1,720°. Lamp No. 7 was burned at 2,200° 
for 15 minutes and on recalibration showed 
a normal temperature of 1,670°, or 40° 
lower than before. It was again heated one 
hour at 2,200° when it broke down at the 
pasted junction. The bulb showed con- 
siderable blackening and the resistance of 
the lamp rose from 36.7 to 41.5 ohms. 


NORMAL TEMPERATURES. 


The following table gives the normal 
burning temperatures of both the metal fila- 
ment and the carbon lamps examined. 


GENERAL DISCUSSION. 


At a given true temperature the total 
energy of thermal radiation as well as that 
emitted per unit area by a black body, 1s 
ereater than that of any other known body. 
No conclusive experimental evidence has 
yet been brought forward in contradiction 
to this general statement. On account of 
the very large proportion of the energy of 
total radiation that exists as the longer 
wave lengths of the infra red portion of the 
spectrum that do not excite the sensation of 
light in the eye, a black body is an ineffi- 
cient luminous radiator. 

Of all metals that can be raised to even a 
moderately high temperature (say, 1,500° or 
more) platinum departs farthest from black 
body radiation. For a given true tempera- 
ture it radiates less total energy, and a 
larger proportion of this energy exists in 
the form of the shorter wave lengths which 
excite the sensation of light. This is the 
sense in which the term selective radiation 
is here used. If platinum could withstand 
the high temperatures at which these mod- 
ern metal filament lamps can be worked it 
would, therefore, have an appreciably 
higher efficiency than they have. In this 
sense all solid substances show, in varying 
degrees, selective radiation and all are more 
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efficient luminous radiators than a black 
body. For these reasons carbon, which is 
one of the closest approximations to a 
black body, is a less efficient luminous radia- 
tor than the metals. It should be remem- 
bered, however, that at the same true tem- 
perature a carbon filament would emit more 
light than these metal filaments, although on 
account of the greater selective radiation 
of the metals .as shown above it would be 
less efficient. 

In much of the literature on this subject 
the marked gain in efficiency of the metal 
filament lamps is attributed almost entirely 
to selective radiation, and it is often im- 
plied that the radiation is not only selective 
in the sense above discussed, but similar to 
that of a gas, which, when electrically ex- 
cited, can emit strongly in one region of the 
spectrum while the radiation may be en- 
tirely absent for large regions. 
of this view the statement is often made 
that the character of the light from the 
tungsten filament is more greenish in ap- 
pearance than from a carbon filament or 
from a tantalum filament unless there is a 
considerable effect of this kind in the infra 
red. 

In this connection it should be stated that 
a few preliminary measurements made on 
the Nernst glower at low temperatures seem 
to show that there is an appreciable increase 
in the.selective radiation for green light, 
the black body temperature for green light 
being almost or quite as high as for blue, 
which is in agreement with the experiments 
of Kurlbaum and Schulze. The nature of 
the conduction and of the chemical pro- 
cesses here involved is as yet but little 
understood. The undue increase in the 
emission for green light might suggest the 
combined effects of radiation from a solid 
and from a gas. The experiments of Kurl- 
baum and Schulze show that this effect al- 
most disappears at higher temperatures, and 
the important fact remains that it is not 
this type of selective radiation that contrib- 
utes materially to the efficiency of any of 
the metal filament lamps. 

The measurements above cited show that 
tantalum is more selective in its radiation 


In support ' 
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than is tungsten and in all probability would 
be more efficient than tungsten at the same 
true temperature. The great gain in efh- 
ciency in the tungsten lamp over the 
tantalum lamp must, therefore, be attributed 
to the very much higher temperature at 
which the tungsten can be worked continu- 
ously. Likewise the marked increase in 
efficiency shown by both tantalum and 
tungsten lamps over carbon filament lamps 
is to some extent due to selective radiation, 
but is rendered possible to a greater extent 
from the fact that they can be operated at a 
higher working temperature. The marked 
gain in efficiency resulting from an increase 
in the temperature is at once evident from 
the fact that at the working temperature of 
these lamps the intensity of the light emitted 
varies about as the twelfth power of the 
temperature while the electricity supplied 
to the filament varies as a much lower 
power of the temperature, something of the 
order of the fifth, varying with the material 
ot which the filament is constructed and 
the nature of its surface. This is also il- 
lustrated by some measurements made by 
Dr. Lederer on osmium lamps from which 
it follows that the light increases as the 4.4 
power of the voltage, while the consumption 
of electricity varies only as the 1.5 power of 
the voltage. 


If a very considerable part of the gain 
in efficiency in the metal filament over car- 
bon filament lamps is to be attributed to 
the higher working temperature at which 
they may be operated it may at first sight 
seem that this conclusion is at variance 
with the relatively high efficiency of these 
metal filament lamps in comparison with 
electric arc lamps ‘where the luminous 
radiation comes from a source whose tem- 
perature is more than 1,500° higher. In 
the arc lamp, however, the loss of power 
by the conduction and radiation of the 
carbons and by convective circulation is 
so great that this fact is readily explained. 


We are indebted to Mr. J. W. Howell 
for the carbon ribbon lamps and to Mr. 
J. A. Heany for most of the tungsten 
lamps. 
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FOREIGN ITEMS 


PHEeMERCURY- VAPOR ARC 


From Electrical Times, London. 


-lieleplaceea_ “candle. flame ‘and an 


open type arc at opposite corners of 
my foof on a still evening, and retire 
nearly three miles from the house 


across Hampstead Heath, why is it that I 
see the candle flame as distinctly as the 
arc, possibly rather more distinctly of the 
two?” When Mr. Bastian put this question 
to us, the only answer that immediately 
presented itself was that the arc must have 
illuminated the candle flame rather vividly 
and we suggested a fresh trial with a cur- 
tain in between. But this did not appeal 
to Mr. Bastian, who has some interesting 
theories of his own to account for the phe- 
nomenon. The intense light of the arc 
radiates from a point, whilst that of a 
candle flame or mercury vapour tube flows 
in parallel rays. Here are a few of Mr. 
Bastian’s own words: 

The further the photometric screen is from the 
source of light, the more nearly will the rays 
impinging on it be parallel to one another, and 
the lower the intrinsic light density at its source, 
the lower will be the light density of the ap- 
proximately parallel rays in the intervening 
medium between the source of light and_ the 
screen; and, bearing this in mind, it will be 
apparent that, in the case of a carbon arc lamp, 
the light density in this intervening medium is 
about four thousand times greater than it would 
be in the case of a mercury arc lamp; and it is 
submitted that the transformation of light into 
obscure energy in that medium would take place 
in the same proportion; and if so, this would 
sufficiently account for the fact that illuminants 
of low light density, such as mercury arc lamps, 
incandescent gas mantles, bat-wing gas burners, 
etc., yield light of much greater penetrative quality 
than that yielded by an open type carbon arc. 

Whatever the truth may be, experiment 
seems to show that mercury arc light has 
immense carrying power and it is also said 
to excel other illuminants in penetrating 
fog vapours. It is highly actinic, more so 
than the carbon arc, and this, together with 
its emission of parallel rays, renders it the 
best illuminant at the photographer’s dis- 
posal. 

Photometry of tubular light is difficult. 
A lamp, used for the illumination of a 
large workshop, which was stated to be 
giving 400 candle-power—and was cer- 
tainly not giving much less—consumed two 
amperes at one hundred volts. The effi- 
ciency is about seven or eight times as 
high as that of small carbon filament glow 
lamps. 

There is more than one mercury vapour 
lamp, of course. The best known rival of 
the Bastian is the Cooper-Hewitt. “Uviol” 
lamps made in Jena, are also on the Eng- 
lish market, we believe, but the Cooper- 
Hewitt is unlike this in that it depends so 
largely upon its patents. A great number 


of patents have been taken out for the use 
of mercury vapour. We have before us 
the specifications of Chiristopher Bunks, 
1853 pe OTESCORA bai Witay, £50. Ce We 
Marrison, 1857; J. Rapieff, 1879; and H. J. 
Dowsing, 1896. If the last named patentee 
had not allowed his rights to lapse, it is 
most improbable that. either the Cooper- 
Hewitt or the Bastian lamps would be in 
existence. We are now chiefly interested, 
however, in these two living types, and it 
is useful to inquire into the difference be- 
tween them. One point that is very con- 
spicuous in the Cooper-Hewitt, and lack- 
ing in the Bastian, is the large cooling 
chamber which is required for condensing 
the vapour. Then again, Mr. Bastian calls 
is) lamps a, mercury vapour tare.. Mr: 
Cooper-Hewitt insists upon the fact that 
his lamp is neither a Geissler tube nor an 
arc, but a stick of vapour which heats up. 
as a resistance, on the passage of a current. 
These are his words: 

The action thus described is different from that 
which takes place when alternating or intermittent 
electric {currents of very -high frequency are 
applied at the terminals of a Geissler tube con- 
taining a highly rarefied gas. 

The action is also different from that which 
takes place in certain proposed apparatus wherein 
two electrodes consisting of bodies of mercury 
are contained in hermetically closed tubes, in such 
relation that an arc, fed by a suitable electric 
current, can be formed and maintained between 
the electrodes. As above stated, my apparatus does 
not act upon the principle of an electric arc, but 
its action appears to be caused by the passage of 
an electric current through a conducting medium 
having sufficient resistance to become incandescent, 
the medium in this case being a gas or vapour. 


Compare this with one of the leading 
claims under the Bastian patents: 

A mercury vapor arc lamp comprising a movable 
container for mercury electrodes or contacts in 
said container normally connected by the mercury 
in said container and means adapted to move said 
container and mercury and thereby strike the arc. 


The accompanying figure, No. 1, will 
serve to show how the arc is started. There 
are two permanent resistances in series— 
their consumption is debited against the 
lamp in stating efficiencies—and two mag- 
net bobbins. Normally the zigzag glass 
tube below rests in such a position as to be 
full of mercury from end to end. When 
current passes, the magnet tilts this tube 
up, the mercury in the tube flows back into 
a bulb, and the arc strikes. A little pump- 
ing happens sometimes, during the first 
half-minute, but perhaps no more than 
would occur with an ordianry arc. At all 
events, when the lamp settles down to 
work it will stand any amount of vibra- 
tion. In fact it is not at all sensitive. For 
our benefit volts were lowered from 200 
to 180 on a sample lamp, with very little 
dimming and no pumping. They were 
raised so far above 300 that the volt-meter 
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FIG. I.—ORDINARY TYPE OF MERCURY VAPOR 
ARC. 


needle left the scale. The lamp always re- 
mained steady and did not glow as much 
more intensely as a carbon lamp would 
have done. The density of mercury vapour 
is greatly above that corresponding jto 
maximum conductivity. 

The mercury arc has, so far, only been 
used successfully with direct-currrent. It 
is possible that combination with cadmium 
and sodium may facilitate the production of 
an alternating-current lamp later on, and 
experiments are being carried out with a 
view to this result. 

The life of the Bastian lamp may safely 
be stated at 5,000 hours. Lamps have been 
burning for over ten thousand hours, and 
they do not age much with use, the lamp 
is just as good after two or three thousand 
hours as it was when new. 

And now as to color. This is a much 
vexed question. A new lamp _ show- 
ing a white moon-like glow has recently 
passed from the laboratory to the work- 
shop. We found several red lines in the 
spectrum, and the light is comparatively 
pure. 
let finger nail effect of the more primi- 
tive mercury arc. Further experiments are 
being tried with cadmium and sodium, 


combined with the mercury in small quanti- - 


ties. No doubt a perfectly pure light will 
be the result. The Bastian lamps sold 
hitherto have been cured of their color de- 
fects by combining them with a small car- 
bon filament lamp, or else by providing re- 
flectors painted with rhodamine or sur- 
rounding with shades of red fluorescent 
material. Such combinations are quite 
satisfactory. - The mixed light, in: tach is 
very similar in quality to sunlight, it 
throws no unpleasant colors on the face, 





It centainly did not produce the vio- - 


and is excellent for matching patterns. An 
instance was given us of a West End tailor 
who is perfectly satisfied with the effect. 
The Ritz Hotel uses Bastian lamps, so do 
Waring and Gillow. Of course we have 
been used to yellow artificial light for such 
countless generations that when the last 
suspicion of color has been coaxed out of 
the mercury arc we shall probably want it 
made yellow. Kindly note our taste in 
flame arcs, if this be doubted! And it is 
a pity, because the mercury arc, already 
fairly pure, is comforting and restful to the 
eyes. Perhaps this is because of the low 
density of light in the tube, though. For 
factories and drawing offices the old type 
of unadulterated mercury arc may safely 
be prescribed. It is, at all events, prefera- 
ble in color to the gas mantle. 

The next point of interest is heat. The 
Bastian tube scorches paper and is de- 
cidedly hotter than a glow lamp. We are 
informed that 50 per cent. of the available 
energy is transformed into lhght, though 
probably this is altogether too sanguine a 
figure, it is enough to make the very glow 
worms wriggle. As a high temperature 
had to be fought, it was impossible to use 
the lead glass employed in the Cooper- 
Hewitt lamp, Jena combustion tubing was 
a possible solution. But its coefficient of 
expansion is lower than that of the plati- 
num wire terminals which are sealed in to 
touch the mercury. The very ingenious 
method of overcoming this difficulty is the 
subject of one of the many patents. The 
platinum wire is made up in dumb-bell 
form. Ordinarily it is not a dead fit in the 
glass pin hole, although when heated it 
swells and effectively closes this pin hole. 
When it cools and contracts it draws the 
two ends of the dumb-bel! against the ends 





FIG. 2.—MERCURY ARC SUITABLE FOR COVER- 
ING WITH SHADE OR REFLECTOR. 
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Oiehe pinenole. it 1s all-so “pretty that 
one marvels that it should ever work in 
Ptactice. But it. does. 

And then, for those who have time to 
indulge in it, the mercury arc is full of 
fascinating theoretical questions panting 
fo be answered. As a mater of fact mer- 
cury was found to be carried over from 
the positive to the negative electrode. 
When the positive end was depleted of 
mercury, trouble naturally arose. 


Taking it as proved, then that mercury is 
transferred, during the operation of the lamp, from 
the positive to the negative electrode, due to some 
effect of the electric current other than heat, it 
was conceived that this could be compensated for 
by transference of mercury in the reverse direc- 
tion, if the negative electrode could be maintained 
at a sufficiently higher temperature than the 
positive; and by constructing the burners so that 
the negative electrode surface is smaller than the 
positive, this compensating effect is actually 
obtained, with the result that constant quantities 
of mercury are retained at each electrode 
respectively throughout the operation of the burner. 

If the theory is correct, there is a stream of 
vaporised mercury passing from the negative to 
the positive electrode, due to the difference in heat 
potential, and a stream of ionised mercury passing 
from the positive to the negative electrode, due 
‘to the difference in electric potential; and whether 
the theory is correct or not, the result remains the 
same, namely, that the migration of the mercury 
from the positive to the negative electrode is 
compensated for, or prevented. 

A comparison of notes as to what takes 
place’ in the Bastian mercury arc, the 
Cooper-Hewitt hot mercury vapour re- 
sistance, and Geissler tubes, should be of 
no little interest just now, especially to 


those interested in the Election Theory. 


THE MERCURY VAPOR LAMP 
By HH: Boas. 


Extract froma, paper tread before the 
Electrical Association, Dresden, Germany, 
September 13, 1900. 


From Elektrotechnische Zeitschrift, Sep- 
tember 13, 1900. 


In giving a history of the development 
of the mercury vapor lamp, the writer 
paid a special tribute to the fundamental 
work done by Arons, and referred to his 
own opportunity for research in this line 
in the physical laboratory of the University 
of Berlin. He also refers to the lamps 
designed by Gumlich at the direction of 
the government laboratory authorities, and 
states that the work of these early experi- 
mentors developed all the theoretical points 
of construction used in the present com- 
mercial lamps. He states, however, that 
full credit should be given to Cooper- 
Hewitt for bringing the lamp to a com- 
mercial stage. Speaking further on the 
general principles of the lamp he says: 

“The mercury vapor lamp has attracted 
much attention, principally by reason of its 


convenient form and high efficiency. A 
lamp measured in the government labora- 
tory with a current consumption of 3 to 
3'%4 amperes showed an efficiency of .52 
watt per candle without the resistance 
coil, and .88 watt with the resistance. The 
lamp had a counter EMF of 65 volts and 
was operated on a 110 volt circuit. The 
intensity perpendicular to the axis -was 
494 HK, and the mean spherical intensity 
388 HK. By means of a new and somewhat 
different construction the lamp of Boas can 
be raised to a counter EMF as high as 90 
volts with 110 volts at the mains, leaving 
only 20 volts to be taken up by the resist- 
ance, thus giving a proportionate increase 
in efficiency. The lamp is started by tilt- 
ing it, thus short-circuiting the mercury in 
the tube. On returning to its original 
position, the mercury separates and strikes 
the are. “lt is impossible to use a high 
tension current in starting the lamp if they 
are properly made i. e., with a high degree 
of vacuum. Only lamps with poor vacuums 
or those which are previously warmed can 
be started under high tension. The vacuum 
in the lamps should be as nearly perfect as 
possible, and the lamp perfectly clean. 
Byen- “sinall particles of dust or. soil, 
especially of a greasy nature, greatly injure 
the lamp; the efficiency at once falls, and 
the lamp gives a flickering, unsteady light, 
of a disagreeable yellowish color. The 
production of this high degree of rarefac- 
tion introduces many difficulties which can 
be overcome only by the most perfect sys- 
tem of exhaustion in connection with 
thorough cleansing. A good lamp may be 
said to contain a perfect vacuum. Between 
the vacuum of a good lamp and that of a 
Roentgen tube, there is as great a difference 
in pressure as between ordinary pressure 
and that of the Roentgen tube. ‘The fact 
that Cooper-Hewitt lamp can be started 
under high tension is proof that the manu- 
facturers have not succeeded in making 
a thoroughly good vacuum. Lamps _ of 
poor vacuum are very sensitive to oscilla- 
tions, which cause a change in the tension 
of the mercury vapor. For this reason 
they operate satisfactorily only when 
provided with a compensating space, that 
is to say, with a so-called condensing 
chamber. This is a comparatively cool 
chamber, formed in the lamp tube, on the 
walls of which a steady condensation of 
mercury takes place. The higher the 
vacuum, the less such condensation takes 
place. 

The shape and dimensions of the 
positive electrode are also of great im- 
portance. The best results are obtained 
by tube-shaped electrodes of large . diam- 
eter, which are secured in long holders, 
forming at the back a cooler portion, 
which serves as a condensating chamber, 
and at the same time affords a means of 
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FIG. I. 
fastening the electrodes. By this new parallel. The oscillations shown in the 
arrangement frequent breakage of the voltage curve at three minutes seem to be 


electrode is avoided. The glass body of 
the lamp must be made of glass absolutely 
free of magnesium, as otherwise in a com- 
paratively short time a very perceptible 
darkening takes place, which greatly re- 
duces the intensity of radiation. The light 
contains a great quantity of ultra-violet 
rays, which are, however, completely 
absorbed by ordinary glass, so that the 
lamp even in immediate contact with the 
body can do no harm. The current which 
passes through the lamp must not be con- 
sidered as a simple continuous current, 
but may be understood by conceiving a 


system of rapid, alternating current 
explosions imposed upon the main continu- 
ous ‘current. These alternating current 


explosions are audible in a telephone re- 
ceiver and should be at the rate of about 
5,000 per second. These alternating cur- 
rents induce a counter EMF and if this 
counter EMF rises to the tension of the 
main current, the lamp will be extin- 
guished. In order to avoid this it is best 
to provide. a large self-induction coil in 
the circuit of the lamp, for the purpose 
of choking down these alternations. From 
the moment of starting, the portion of the 
lamp is represented by peculiar curves 
shown in Fig. 1.0 Phe <streneth, o1..cur- 
rent is shown by the continuous line, and 
the tension of the voltage by the dotted 
line. For the first three minutes, observa- 
tions were made every ten seconds, after 
which up to twelve minutes every thirty 
seconds. After twelve minutes operation 
the proper voltage is generally reached. 
The curve is plotted for a tension of 112 
volts. It will be seen that the counter 
EMF begins at 45 volts, corresponding to 
a current strength of 5. amperes. The volt- 
age then rises rapidly, the amperes follow- 
ing proportionately. At 79 volts, after one 
minute’s operation, the voltage reaches its 
highest value, while the amperage falls to 
its mimimum, 2.9 amperes. The voltage 
then falls as the amperage increases, and 
finally in about eight minutes the curves 
begin to diverge. Though the curves are 
still diverging in the figure, after twelve 
minutes’ operation their course is nearly 


due to the first condensation of the 
mercury, and to the changes of pressure 
which take place by the warm mercury 
falling “back. SPhis™ 2starune sect vermas 
characteristic of every lamp, the thickness 
of the glass walls principally determining 
the time. The extraordinary rise of vol- 
tage accompanied by a fall of amperes 
may be attributed mainly to an excessive 
formation of mercury vapor. The condi- 
tion of stability is reached as soon as the 
glass parts have obtained a _ constant 
temperature, as determined by the warm 
mercury vapor inside and the cool air out- 
side the tube. 


—_—_—___— 


PHOTOMETRIC. AND So PEGIERO= 
SCOPIC MEASUREMENTS OF 
THE MERCURY AKG OF 
HIGH VAPOR DENSITY 


Measurements on the mercury arc 
created under the high vapor density were 
recently carried out in the laboratory of 
W. C. Heraus. The lamp under investiga- 
tion was the new quartz glass mercury 
lamp in which the are could be produced 
under a pressure of several atmospheres. 
Under these conditions not only were the 
lines of the spectrum visible, but also a 
continuous spectrum appeared. The inten- 
sities of the visible and ultra-violet rays 
were measured with different wattages. It 
was found that the efficiency of the two 
radiations has a maximum, and that the 
mean spherical intensity for visible rays 
reaches a value of .185 watts per standard 
candle, and that the intensity of the ultra- 
violet rays increases more rapidly than 
that of the visible rays. In the continuous 
spectrum the shorter rays increased more 
rapidly than the longer ones, while in the 
line spectrum a different increase of in- 
tensity appears in the various groups as 
shown by the isocromatic curves for the 
continuous spectrum and elever of the 
brightest lines of the line spectrurn. 

ANNALEN DER PHYSIK. 


TEST ELOMINA TING 


ILLUMINATION OF THE OPER- 
ATING PAVILIONS IN THE 
RUOBLIGEeHOSErrALS . IN 
HAMBURG 


By A. ZANDT. 


From Elektrotechnische Zeitschrift, 
II, 1900. 


Oct. 


When the plans were formulated for the 
lighting installations for the operating pa- 
vilions to be built for the two public hos- 
pitals of Hamburg, a number of men were 
chosen from the office of ‘the Inspector of 
Electric Illumination to decide upon the 
method of illumination. Measurements 
of the illumination in the old Pavilion of 
the Eppendorf Hospital made with a Kruss 
illuminometer showed an intensity of about 
170 meter candles at the height of the 
operating table (one meter above the 
floor.) This illumination was furnished 
by the use of ten 32CP carbon filament 
electric lamps fitted with a silvered reflec- 
tor, and placed at a height of 2.3 meters, 
or a distance of about one meter above 
the table. This method of illumination, 
however, developed various disadvantages. 
The great amount of heat projected from 
the reflector above their heads was found 
very annoying by the surgeons; the effect 
being more and more perceptible as the 
operation continued. Another and greater 
disadvantage was in the intense shadows 
cast, in consequence of the light source be- 
ing concentrated into a single space, which 
was exceedingly troublesome, especially in 
the case of postmortems. Besides this re- 
flector arrangement, table lamps were often 
necessary. From wide experience the fol- 
lowing requirements were made for the 
new illuminating apparatus to be provided: 
First: A high intensity of illumination, 
Second: The greatest possible degree of 

diffusion, 
Third: A minimum radiation of heat, 
Fourth: A perfected method of arranging 
the illuminating units so as to offer 
the least possible opportunity for the 
collection of dust. 

Fig. 1 shows the new operating pavilion 
of the Eppendorf hospital in plan and ele- 
vation. The pavilion is in the front part 
of the general operating room; adjoining 
it, and separated from it by a hand rail of 
about one meter in height, is an auditorium 
of ampitheatre form. As may be seen 
from Fig. 1, the large extent of window 
service gives superb daylight illumination. 
In addition to this, the room is fitted with 
a sky-light, which is furnished over the 
operating pavilion with a ceiling of ob- 
scured glass, as indicated by the dotted 
line, ABCD. 
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FIG. I.—OPERATING PAVILION IN THE EPPEN- 
DORF PUBLIC HOSPITAL. 
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FIG. 2.—LARGE OPERATING PAVILION IN THE 
ST. GEORGE PUBLIC HOSPITAL. 


The artificial illumination is produced by 
six 15 amp. direct current arc lamips: 
These are suspended above the glass ceil- 
ing from rollers running on slightly in- 
clined bars, so that they can be drawn into 
a position above the operating table by 
means of wire cables attached to them. 
Experiments showed that the best illumi- 
nation was obtained when the lamps were 
used open, i. e., without glass shades. Be- 
sides giving the greatest amount of illumi- 
nation, this arrangement has the advantage 
of preventing the shadows which would be 
thrown upon the glass ceiling by the wire 
netting, globe-holder and glass globe. The 
lamps are ingeniously arranged so _ that 
the unavoidable shadows of the carbon 





























FIG. 3.—SMALL OPERATING PAVILION 
GEORGE PUBLIC HOSPITAL. 
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holders fall in the direction of the frame 
work in the glass ceiling. The stations at 
which measurements were made of the il- 
lumination on a horizontal plane at about 
one meter in height in the space about the 
operating table, are indicated in the dia- 
gram; the corresponding numbers showing 
the illumination in meter candles. Al- 
though the intensity of about 90 lux which 
was secured in the old operating pavilion 
is far from being reached, the diffused il- 
lumination now obtained fully answers the 
requirements. Long experience shows 
that a uniform illumination is far superior 
to a considerably stronger, but less uniform 
intensity. 

The large operating pavilion of the St. 
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George Hospital is shown in Figure 2. In 
this case the placing of the light-source 
over the glass sky-light is impossible on 
account of the construction of the roof, so 
that the artificial illumination had to be 
furnished from illuminating apparatus 
within the pavilion itself. For this pur- 
pose three reflectors were used, one over 
each of the operating tables, and the third 
in the center of the room to give general 
illumination. The focus height of the re- 
flectors is four meters, so that the operator 
experiences no annoyance from the radia- 
tion of heat. Each reflector contains 
twenty-one 32CP Osmium lamps, and in 
order to give uniform distribution of light 
is covered on the bottom with a disc of 
frosted glass. The Osmium lamp was 
chosen, not only on account of the saving 
in current, but also on account of the 
smaller radiation of heat, and the whiter 
light which it produces. All angles, and 
attempts at decoration on the reflectors, 
which might collect dust, were avoided. 
The illuminating units are furthermore 
constructed with a regard to the necessity 
of spraying the walls and ceiling of the 
pavilion; the requisite openings for ventil- 
lation suitably protected from the spraying 
being provided. 

The values of illumination given were 
obtained at the stations as shown in Fig. 
2 the locations being along the side walls 
of the pavilion over the wash tables. The 
meastirements were made after the gavil- 
ion had been fitted out with the necessary 
apparatus, such as operating tables, wash 
tables, instrument cases, etc.; the installa- 
tion having been in use for some time, the 
candle power of some of the lamps had 
become reduced. The small pavilion in 
the St. George Hospital is shown in Fig. 
3. In this case, also, the ceiling construc- 
fon was stich that it was necessary to 
place the illuminating units within the 
pavilion. A reflector similar to the one 
in the old pavilion is placed 3% meters 
above the operating table. For the general 
illumination, 4 bowls of diffusing glass, 
each containing six 32CP Osmium lamps, 
were placed on the ceiling. The illumina- 


tion obtained is shown in Fig. 3. It 
will. be noted in regard to the  wir- 
ing that steel conduits were placed 
above the ceiling with the switch 


placed in the corridor. The requisite sock- 
ets and plugs for connection with hand 
lamps and surgical apparatus in the operat- 
ing pavilion are placed in nickel plated 
boxes, the covers of which are attached to 
the wall. The walls and ceiling are covered 
with white tiling; the doors are of white 
enamel: the windows are of obscure glass, 
and the floor covered with shiny material, 
so that the reflection from the walls and 
ceiling increases the illuminating effect. 
Besides the pavilion of the general oper- 


ating rooms above described, operating 
rooms are also provided in the separate 
wards, in which minor operations are per- 
formed. In one of these, the illumination 
of which was provided in accordance with 
the demand for high intensity, there is 
much complaint on account of the heat 
radiation from the reflector. The illumi- 
nation is provided by a silvered reflector 
containing three 25CP carbon filament 
lamps at about 2.3 meters above the operat- 
ing table, and a wall bracket placed above 
the wash table. The illumination about the 
operating table, at a height of about one 
meter above the floor, is from 75 to 125 
lux, and over the wash table, 35 lux. These 
high intensities are largely due to the fact 
that the voltage runs from 112 to I15, in- 
Stead of the mormal 108 ~ Furthermore, 
the reflector was new. The disadvantages 
of the formation of shadows mentioned at 
the outset as a result of an illumination 
from a nearby source, were very conspicu- 


ous in this case. 





THE ELECTRICAL REQUIRE- 
MENTS OF A HOSPITAL 


By W. Cross, A.M.I.E.E. 
From Tyneside Electrical Pioneer, Oct., ’06. 


The whole of the internal lighting is by 
electricity, no other illuminant being used. 
There are about two thousand incandescent 
lights and nine arc lamps; the current being 
supplied from the mains of the Newcastle 
and District Electric Lighting Co., Ltd., at 
a pressure of 240 volts. 

Some of the fittings are of special 
interest, the wards being lit by brass pen- 
dant fittings fixed in the center, arranged so 
that a dim or bright light can be obtained 
as required, and, in addition, an especially 
designed wall bracket is fixed over each 
bed, while wall sockets are provided at 
every other bed for use with standard or 
hand lamps. 

In the hall, library, board-room and 
other principal rooms, especially. designed 
fancy fittings have been used, and the 
chapel is lit by a ring of lights fixed to 
the dome, and by fittings finished to imitate 
armour hung from the arches. 

The operating theatres have received 
great care to ensure a good, handy light, 
and, in addition, emergency lighting, on the 
system patented by Mr. Hugh McGilvary, 
of Newcastle, has been installed, so 
arranged that should the ordinary source 
of light fail from any cause, the emergency 
light will be lit automatically, enabling an . 
operation to be completed without danger 
or inconvenience. The laundry is lit partly 
by arc lamps and partly by incandescent 
lamps, while the subways are also well lit, 
to avoid the danger of the use of naked 
lights. 
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«HARRISON ’”’ UNIVERSAL PHO- 
TOMETER 


Messrs. Elliott Bros., of Century Works, 
Lewisham, call this a “universal” photom- 
eter, because it can be used to measure 
the illumination derived from, or the 
candle-power of, a lamp of any nature, 
under a large variety of conditions, such 
as are found, for instance, in the test room, 
in an ordinary room, or in the street. 

They do not claim that the instrument 
measures with such a degree of accuracy 
as to be of use for standarding standard 
lamps, for the reason that the instrument 
itself depends for its operation on the sub- 
standard it contains; but for practical pur- 
poses, in the hands of an intelligent opera- 
tor, it can be relied upon to give results 
within 5 per cent. The instrument is cali- 
brated in candle-feet, which reading it is 
only necessary to multiply by the distance 
squared of the photometer screen from the 
lamp under measurement, to reduce it 
from candle-feet to candle-power. 

The chief novelty of this instrument 
lies in the fact that it embodies a flicker 
disk, somewhat of the Whiteman pattern, 
but rotated by a blast of air under the con- 
trol of the operator. This not only results 
in the instrument being suitable for meas- 
uring all types of lamps, of which the spec- 
trum varies considerably, but also in a 
light, portable and inexpensive instrument. 

In order to make the instrument com- 
pact and easy to operate, the photometer 
bar and sliding lamp have been replaced by 
a reflecting screen with an angular adjust- 
ment; this is moved by means of a pointer 
attached to it. Thus the balance can be 
rapidly obtained, and the illumination read 
off direct from the scale. 

The dimensions and weight of the in- 
strument are stich as to make it easily 
portable; the instrument, with the excep- 
tion of the stand, is self-contained and al- 
ways ready for use. 

The instrument should be set up at a 

distance of about Io ft. from lamps of 20 
to 50 c. p., the distance being increased in 
proportion roughly to the square root of 
the candle-power, and reaching 60 ft. for 
800 to 2,000 c. p. It is not essential that 
the instrument should be absolutely level; 
but the angle of incidence should be taken 
(by turning the sector lens so that the 
light spot falls on the line, and then read- 
ing the angle) in order to correct for the 
angle of incidence as shown in the correc- 
tion table. 
_ The opening exposing the sector disk 
should be pointed towards the source of 
light, so that the light falls on it at right 
angles to the horizontal. The distance of 
the lamp from the disk can be measured 
by the knob on the side of the instrument 
which is placed there for the purpose. 
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HARRISON UNIVERSAL PHOTOMETER. 


Having Set. up /the instrument,eall- that 
is necessary is to rotate the sector disk by 
meaus <¢: the air-pressure bulb provided 
for the purpose. The standard lamp, hav- 
ing been lighted by inserting the plug, the 
pointer can be moved until that position is 
arrived at when the operator, looking 
through the telescope, can see no flicker. 
The pointer will then read the illumination 
in candle-feet at that distance from the 
light, and at that angle of incidence, indi- 
cated by the lens and sector on the edge of 
the instrument. 

From time to time it may be considered 
advisable to check the instrument. This 
can easily be done by fixing a lamp of 
known candle-power (preferably an incan- 
descent electric, with a known voltage) at 
various distances from the instrument, and 
making measurements. Care should be 
taken to do this in a room having walls 
with little reflective power, or in the open 
on a dark night. 


STANDARD OF ILLUMINATION 


Electrical Review, London, Oct. 19, ’06. 


The writer of the notes upon gas 
engineering and supply contributed to the 
“Engineering Supplement” of The Times 
has discovered the need of a recognized 
standard of illumination, and in the fol- 
lowing note sets forth his views. “The 
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urgent need of some generally recognized 
standard of illumination has been repeat- 
edly referred to in these columns, and the 
recent controversy as to the _ respective 
merits of electric lighting and the most 
improved systems of using gas with the 
incandescent mantel or under compression 
has again brought this question into 
prominence. For those who have not made 
a study of this subject the fact that great 
differences of opinion exist among scientific 
men even upon such a comparatively simple 
matter as the intensity of the light of the 
sky on a bright, clear day will occasion 
some surprise. It has been stated that the 
standard assumed as _ representative of 
‘diffused daylight,’ or the light of the zenith, 
measured at noon on a cloudless day. about 
the period of the summer solstice, is a 
variable one, and fluctuates very widely for 
different localities. This may probably be 
due to reflection from the earth’s surface, 
and would render it necessary to fix upon 
a value by careful observation for each 
district. It is, however, not essential to 
select such an intense light as diffused day- 
light for the standard of comparison, and 
oil lamps, pentane gas lamps, and candles 
have served at different times and in vari- 
ous countries for photometric units. What 
is really needful is that experts should 
agree upon some uniform standard, and 
that we should have definite scientific 
estimates of results for the guidance and 
information of the public. This subject of 
lighting is one which should be settled by 
reliable and accurate observations, and not 
by ‘mere prejudice and opinion.’ ” 





TEST GF WOLFRAM AND OSMIUM 
LAM PS 


Mr. F. Uppenborn reports the following 
‘results from tests made on Wolfram lamps 
in the laboratory of the municipal electric 
plant of Munich. Tests were made with 
new lamps of four different kinds, viz. 

1. The ordinary carbon filament lamp, 

2. Tantalum Lamp, 

3. Osmium Lamp, 

4. Wolfram Lamp. 

All lamps were made to run at I10 volts 
and gave me following results measured be- 
fore the tests: 





Am- Candle- Effi- 
Kind of Lamp peres Watts power ciency 
Carbon filament 0.536 58.9 16.7 3-53 
Pant ali aO.400 | 44.0) 127.3. 1.01 
OsmiimnG sets Meoree Tio 63.4 1:70 
Wolfram ce. «cn Gin20. 57.2 | 57-0" 1.00 
TABLE I. 





—— 


In the test the voltage was increased by 
steps of five volts each, beginning at the 
lowest voltage at which the light intensity 


could be readily measured, up to 120 volts, 
beyond which the increase was by steps of 
two volts up to the maximum voltage; 
above which the measurements began to be 
uncertain. At each voltage the amperage, 
wattage, efficiency, and intensity of light 
were determined by three settings of 
the photometer. The results are shown in 
Figures 1 to 4, the values being expressed 
with reference to percentages of the stand- 
ard value of 110 volts. The series of ob- 
servations for each lamp were taken as 
quickly as possible so that the intervals be- 
tween the changes in voltage were of the 
same duration, in order that the changes 
in the structure of the filaments might be 
as small as possible. 

A carbon filament lamp tested by a Hef- 
ner lamp before and after the experiment 
was used as the secondary standard in the 
measurements. Immediately after the high- 
est voltages had been measured for each 
lamp the measurement at 110 volts was 
repeated which gave the following values 
expressed in percentages of the first 
measurements. The highest voltages at 
which the various lamps were tested were 
as follows: 








1. Carbon filament lamp: 175 v = 150% 
of 110 volts 

geelantalim Wamp; 2100) .Vi== 19107. OF 
110 volts 

3. Osmium Lamp: 170 v = 152% of 110 
volts 

Ae Wolfram Lamp: 180-v = 1649/08 110 
volts 

TABLE II. 
The characteristic difference between 


the carbon filament lamp and the metal 
filament lamp is especially noticeable in the 
curves showing the amperage. In the case 
of the carbon filament lamp, owing to its 
negative temperature coefficient, the am- 
perage curve bends upward, while in the 
other it turns in the opposite direction. 
The ampere curve of the Osmium lamp 
is pectliar in that toward the end it bends 
downward. These extremes show that the 
Wolfram lamp is nearly indifferent to 
variation in voltage. 

The following report comes from the 
laboratory of Dr. Lux, in Berlin. Three 32- 
candle-power lamps obtained from the 
Auer Co., in Berlin, were tested. In order 
to compare the results with those obtained 
by Upperborn the same method of pro- 
cedure was followed. The results are 
shown in the curves Figs. 5 to 8. In order 
to make the comparison complete, the 
curves for the carbon filament lamps have 
been plotted on the same diagrams. The 
results show plainly that the behavior of 
the Osmium lamp coincides very nearly 
with that of the Wolfram lamp, both in 
its electrical qualities and in light pro- 


duced 
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Miscellaneous News 


Alameda, Cal.—Park street merchants 
have decided to petition the Trustees to 
furnish the power for the better lighting of 
that thoroughfare. The merchants decided 
to install eight electroliers on each block 
between Lincoln and Encinal avenues. The 
style “of lamp ‘chosen is similar “to that 
being installed on Broadway in Oakland. 


Albany, N. Y—The Onondaga Lighting 
Company of Syracuse, which will manu- 
facture and supply gas and electricity for 
light, heat and power purposes, has been 
incorporated with a capital of $1,000,c00. 
The directors are L. Bedell Grant and 
William J. Bagnell, of Brooklyn; Ashley 
T. Cole, Arthur McCausland and James A. 
Byrne, of New York City. 

Atlantic, Ia—The people of Atlantic will 
vote on the question of selling the city 
electric light plant to Messrs. Ross & Judd 
for $30,000 and granting the company a 
twenty-five year franchise to the use of the 
streets for light, heat and power, and also 
granting the same company a twenty-five 
year franchise for the use of the streets 
for the purpose of operating an electric 
line. 


Clinton, Mo.—Clinton has let the con- 
tract for a municipal lighting plant and 
advertised for bids for the municipal water 
works. The cost of the two will be 
$100,000. 

Joplin, Mo.—The Joplin Light, Power 
and Water Co., of Joplin, filed articles of 
incorporation today, with a capital stock 
of $25,000 divided into shares of $100 each 
half paid in. The shareholders are James 
Campbell, St. Louis, $24,600; W. F. Reed, 
St. Louis, $100; John P. Newell, St. Louis, 
$100 } “ET R>Conklin, Joplin, s$1e0 sean 
Jones, Joplin, $100. 


Long Beach, Cal.—By order of the City 
Trustees, Attorney Daly is preparing a 
resolution calling for estimates and plans 
for a municipal lighting plant. Estimates 
will be asked for a plant sufficiently large 
to furnish lights for commercial as well 
as municipal use. 


Los Angeles, Cal.—tInitial steps toward 
better lighting of the principal business 
streets of the city have been taken by the 
trustees. They have ordered telephone, 
telegraph and street railroad companies to 
place their wires underground in the eleven 
blocks to be lighted by the pole system, 
and have secured estimates on iron poles 
and. lights. The property owners agree to 
pay for the poles, which will cost $t100 
each, and the city will install the wires and 
furnish the light. 


McCool, Neb.—At a meeting of the town 
board an ordinance was passed Friday 
granting Clark R. Burnham of Grand 


Island rights and privileges to maintain 
and operate an electric light and power 
plant and a system of water works. 


Morgantown, W. Va—The streets of 
Morgantown are to be illuminated with 
electric lights. The city council passed an 
order last night directing a special com- 
mittee to make arrangements for the instal- 
lation of 32-candle-power and 50-candle- 
power incandescent lamps to take the place 
of the open gas lights as soon as possible. 


Paterson, N. J—Municipal ownership of 
water and light won a _ victory here 
yesterday. The vote for the water plant 
was 8,040 for, to 1,234 against, and for the 
lighting plant, 8,140 for, to 1,766 against. 


Portland, Ore.—A state light and power 
plant of sufficient size to furnish light and 
power for all the state institutions and 
buildings at Salem will in all probability 
be one of the most important questions to 
be discussed by the state board for pre- 
sentation to the legislature. 


Riverside, Cal—Telephone and telegraph 
companies will be requested to put their 
wires underground in the business part of 
the city, in order to make possible the 
installing of a system of ornamental cluster 
lights similar to that in use in Los Angeles 
and Pasadena. Iron posts will be used 
with four to the block, on each side 
of the street, and the lights will follow 
the mission style, in harmony with the - 
architecture of many of the principal build- 
ings along the thoroughfare to be lighted. 
The globes will be in the form of mission 
bells, clustered about the top of the poles. 


St. Catharines, Canada.—There seems to 
be a strong probability that the Stark Elec- 
tric Company will tender for the street 
lighting contract in this city when the 
present contract expires next month. The 
city is at present paying $75 per year per 
arc lamp to the Cataract Power Company 
for street lighting, and it has long been 
regarded as a very high figure’ Experi- 
ments in lighting the streets with natural 
and manufactured gas and with the new- 
est electric lamps are now in progress, and 
it is expected that a saving of at least $2,- 
ooo a year in the lighting bill will be ef- 
fected. 


Woonsocket, R. I—Alton D. Adams of 
Worcester, Mass., an expert in matters con- 
cerning the cost of the manufacture of 
illuminating gas and other matters relating 
to the business will conduct an investiga- 
tion of the Woonsocket Gas Company on 
behalf of the city. 

The city will engage Mr. Adams, who 
will be paid for his services at the rate of 
$25 ‘anday. 
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Public Lighting in Chicago 


I. INTERIOR ILLUMINATION 


By S. Morcan BUSHNELL. 


Vol, J 
The term “Illuminating Engin- 
eering,’ while common enough today, 


is one which, a few years ago, was al- 
most unknown. And this fact reminds 
us that a new science, or rather a new 
art, has recently come to the world. 
This does not mean that illumination 
is anew thing. It is the application of 
scientific principles to illumination 
which is new. 

When the incandescent electric lamp 
was first introduced it seemed almost 
a step backward. Already gas was 
commonly used for lighting in all of 
our large cities and the new light was 
not only more expensive but from its 
intensity, more trying to the eyes. 

I know there are many electrical ex- 
perts who would be inclined to dis- 
pute this statement, but when we re- 
member that the ordinary gas flame 
has a brilliancy of 414 candles to the 
square inch while the 16 candle-power 


incandescent lamp has a brilliancy of 


from one hundred to two hundred 
candle-power to the square inch, we 
must realize that the bare unshielded 
lamp must be of necessity more trying 
to the eye than the milder intensity of 
the ordinary gas light or the soft flame 
from an Argand burner. 

The writer has been informed by the 
best oculists that for reading purposes 
the ordinary student lamp, using kero- 
sene oil, is the best substitute for day- 
light. 


The electric light has, however, var- 
ious advantages which, in all proba- 
bility, will make it pre-eminently the 
light of the future. 

Without going into the matter in de- 
tail we may mention the freedom from 
dirt, the fact that there 1s no consump- 
tion of oxygen from the air, and 
adaptability to almost any position, all 
of which renders it a light especially 
suitable for the requirements of il- 
lumination. 

The great objection to the electric 
lamp, namely, its intensity, can easily 
be overcome by the use of ground glass 
and prismatic shades; and this brings 
up the need of an art of scientific il- 
lumination. 

For several years it was considered 
rather extravagant to use frosted 
lamps, as that would mean the cutting 
off of from fifteen to thirty per cent. 
of the light. We have only progressed 
a short distance beyond this point, but 
already those of us who have given any 
thought to the subject appreciate the 
utter barbarity of the old scheme of 
lighting by bare incandescent lamps. 

Physiologists tell us that the ordin- 
ary eye can stand a brilliancy of from 
four to six candle-power per square 
inch of surface and anything beyond 
this will eventually cause irritation and 
inflammation to the retina and delicate 
adjacent membranes. It is very evident 
therefore that an incandescent lamp 
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filament with a brilliancy of 100 to 200 
candle-power to the square inch would 
be highly injurious. Those who are 
blessed - with eyes of extraordinary 
strength possibly may not appreciate 
this, but the vast majority of people 
have already learned how true this is. 

There is a certain large theater in 
the city of Chicago which was built 
about eighteen years ago and which 
still uses the same style of illumination 
as was customary at that time, namely, 
bare incandescent lamps studded along 
the walls and ceiling. Another theater 
on the south side is illuminated by arc 
lamps placed so low down as to be 
within the range of vision. 

While the improper lighting of pub- 
lic buildings is doing a great deal of 
damage there is probably a great deal 
more injury being done by the 1m- 
proper lighting of offices. It is very 
much easier to light an office im- 
properly than to light it properly from 
a physiological standpoint, and the re- 
sult is that ninety-nine cases out of a 
hundred have the lights so arranged 
that the artificial light used is very 
trying to the eyes. 

The above points out the need of 
scientific illumination from a physio- 
logical standpoint. There is also a 
need from the esthetic and decorative 
point of view. 


Any woman who has made a study 
of home decoration knows that bold 
pronounced colors in carpets, rugs or 
furniture are incompatible with the 
finest effects. Persian rugs, which are 
so much sought after, are especially 
desirable when made in the more quiet 
and less pronounced colors. In like 
manner it is impossible to produce an 
elegant and luxurious effect in il- 
lumination with the brilliant glare of 
the arc lamp or the unprotected rays 
of the incandescent. If we turn to 
nature we will find that the clear day- 
light which comes in through a north 
window on a summer’s day is the clos- 
est approach to perfect illumination 
that has thus far been found. A 
moment’s reflection will show us that 


this light does not come directly fron» 
any particular source, but is the pro- 
duct of a multitude of complex inter- 
reflections between the fields and the 
sky and is therefore a perfectly dif- 
fused light. 

In making our artificial light we 
should therefore aim not only to have 
the color of the light similar to day-- 
light, but should also aim to secure as. 
complete a diffusion of the light as. 
possible. 

If we turn now to some examples. 
of illuminating engineering here in 
Chicago, we will find that the objects: 
ate we have outlined have been se- 
cured: 1st, by placing the lights out- 
side of the field of vision; 2nd, by us- — 
ing devices such as crystalline and’ 
eround glass for diffusing the light. 

A very fine example of diffused 
lighting may be found in the barber 
shop: recently: opened sup bye the 
Chicago Athletic Association. It is. 
probably one of the finest rooms of its: 
kind in the country. The floor and 
wainscoting of the room are of white: 
marble. The ceiling and upper por- 
tions of the walls are finished in 
cream with a gilt stripe. About 75; 
16 candle-power lights are used to il- 
luminate the entire room. Every one: 
of these lights is concealed by holo- 
phane prismatic glass. With the ex-. 
ception of the ceiling the room seems 
to be flooded with light and at no part 
is there enough light to be in the slight-. 
est degree annoying. In the ceiling are: 
six large bowls of prismatic glass, like: 
inverted punch bowls, which shed a 
soft glow from their entire surface, 
while around the walls are distributed’ 
bracket lights, which are enclosed with 
diffusing prismatic globes. The effect: 
of these diffused sources of light com-- 
bined with the inter-reflections from 
the mirrors and walls is such that one: 
can read with perfect ease at any point 
in the room and yet, at the same time, 
the light is softened and adapted to the: 
most sensitive eve-sight. 

The new Federal Building in Chi-- 
cago has been criticized by some as. 
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BARBER SHOP, CHICAGO ATHLETIC CLUB. 


not having sufficient light. The idea 
here has been, however, not so much 
to produce a glare of light as to pro- 
duce a soft and suitable illumination. 
Everywhere you will find the lights 
toned down and mellowed by prismatic 
glass, which produces a pleasing ef- 
fect very different from that found in 
thee ialicomole the “ordinary office 
building. 

The Rookery building has just been 
re-decorating the main rotunda on the 
first floor and here we find another ex- 
ample of soft and pleasing illumin- 
ation. The lights, enclosed by crys- 
talline globes are suspended far above 
and shed a soft and mellow light 
throughout the main rotunda and at 
the same time bring out clearly the 
beautiful effects of the gilded marble 
wainscoting. ; 

Turning from the Rookery building 
and stepping into the new Railway Ex- 
change building, we find a scheme of 


lighting arranged on an entirely dif- 
ferent plan from the Rookery building 
and at first sight the lights will appear 
to be arranged in accordance with old 
ideas. The effect, however, is not so 
bad, as most of the lights are outside 
of the ordinary range of vision and 
with the exception of a few low 
candle-power lamps the illumination is 
by means of frosted globes. 

A good example of concealed light- 
ing is found in Orchestra Hall, the 
new home of the Theodore Thomas 
Orchestra. As shown in the illustra- 
tion, the lights are for the most part 
concealed, the entire illumination of 
the stage being accomplished by the 
so-called cove lighting. This result, so 
pleasing to the eye, is not as difficult 
as it sometimes at first appears and 
the best architects to-day are planning 
the illumination of halls, theaters and 
churches so that the light will be con- 
cealed from the eyes of the audience. 
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ROTUNDA, ROOKERY BUILDING 


Occasionallys wherestictresismay cu, 
high ceiling, the lights may be placed 
above the heads of the audience if they 
can be placed entirely out of the range 
of vision. 

Another good example of this idea 
of lighting is found in the Illinois 
Theater in Chicago. Here all lights 
which come within the range of vision 
are protected by shades or, in some 
cases, by strings of prismatic beads. 


But, some one may object, will not 
this new scheme of lighting be very ex- 
pensive? Is it not true that the in- 
tensity of the light varies inversely as 
the square of the distance? And by 
confining yourself to the idea of con- 
cealed lighting, are you not losing the 
benefit of the economical distribution 
of light? This may all be true, but the 
question is not altogether one of 
economical distribution. A man who 
pays five hundred dollars for a Ker- 


manshah rug does not make the pur- 
chase primarily for the purpose of se- 
curing the most economical method of 
carpeting his floor; it is to secure an 
artistic result. in Mike -mantiormave 
have arrived at a point where we must 
think of something besides economy 
in the arrangement and distribution of 
our lighting. 


. 


A few years ago a prominent south 
side hotel was wired for electricity. 
One outlet was provided for each 
room. To-day such an arrangement 
would not be thought of for a moment. 


In the early days of electric light- 
ing the ordinary sixteen candle-power 
incandescent lamp took about four 
watts per candle-power of illumin- 
ation. An ordinary 16 candle-power 
lamp now requires 3.1 watts per 
candle and many of the newer types 
of lamps require but 2% watts per 
candle. The new metal filament lamps 
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made of tungsten and similar material 
will probably cut this relative con- 
sumption in two. At the same time 
the price for electricity is also being 
reduced in a rapid ratio. . We can 
therefore afford to provide means for 
properly diffusing the rays of light, 
even if the operation does sometimes 
mean a reduction in illuminating 
efficiency. 

The third standpoint from which we 
may view the subject of illuminating 
engineering is from the practical 
standpoint of vision. 

In the transaction of business 
throughout a great city artificial light 
is a necessity, in a great many places, 
during the day time, and in all places 
where business is carried on at night. 

The question that presents itself to 
the illuminating engineer is, what 
methods are best adapted for practical 
illumination, so that objects may be 
seen and handled with facility? In 


viewing the subject from this stand- 
point, some will say that the arguments 
are all against the use of diffused and 
concealed lighting, yet even from an 
economic standpoint, there is much to 
be said in its favor. 

Take for instance the matter of 
lighting windows. A few years ago 
window lighting was done for the 
most part by lights placed on brackets 
or studded around the windows. The 
bare unshaded lamps were plainly vis- 
ible and the effect of the illumination 
was that of a bright glare of light, the 
principal thing which impressed itself 
upon the beholder being the dazzling 
effect of the lights themselves. To- 
day all this is being changed. In the 
finest stores no window lighting is 
visible, the lights being concealed, for 
the most part, at the top of the win- 
dow and the lights are so placed that 
the illumination may be cast, by means 
of reflectors, directly on the goods 
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themselves. The result is a soft and 
pleasing effect very attractive to the 
would-be purchaser. At the same 
time a less number of lights is re- 
quired, so that the actual cost of the 
window illumination is less than one- 
half of what it was before. 

A prominent merchant, owning one 
of the largest stores on State street, 
recently told the writer that he was 
planning to take out all his window 
lights which were installed on the old 
scheme and have his windows wired 
according to the new plan. He said, 
“The trouble is, the customers see the 
lights and not the goods,” and that is 
not what the merchant is striving for. 


We all know that the effect of an 
intense light is to cause the pupil 
of the eye to “contract “and “reduce 
the power of seeing objects less 
brilliantly illuminated. There are 
some towns which try to. light 
their streets by a few extremely 


brilliant arc lamps placed at long 
distances apart and the result is 
that in those parts of the streets which 
are in shadow, the difficulty of seeing 
is increased. While this is an extreme 
case, it simply illustrates the fact that 
a moderate degree of light well dis- 
tributed is much better for the pur- 
pose of vision than occasional spots of 
intense brilliancy. 

The amount of light required for 
practical illumination has always been 
a matter of some controversy. The 
tendency of the times, however, is to 
increase the number of lights, but to 
provide them with additional shades 
and diffusing devices. In this con- 
nection it may be interesting to note 
some data which was collected by Mr. 
J. H. Goehst for a paper which he de- 
livered before the employees of the 
Chicago Edison Company about six 
years ago. This data is based on the 
average conditions as they existed here 
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in Chicago at that time. He figures 
that for first-class lighting in a store 
where decorations are light, there 
should be one sixteen candle-power 
lamp to each 500 cubic feet; where the 
decorations are darker, one sixteen 
candle-power lamp to every 400 cubic 
feet. In window light reflectors one 
sixteen candle-power lamp for each 
eighteen inches in length in small win- 
dows about eight feet in height. For 
large windows twelve to fifteen feet in 
height the lamps should be spaced 
about ten inches apart. Office light- 
ing is figured at about one sixteen 
candle-power lamp for every eighty 
square feet of floor space for general 
illumination and each desk should have 
its own lamp in addition. 

Pronmedata taken in a’ number of 
theaters here in Chicago the average is 
found to be about one sixteen candle- 
power lamp to each six hundred cubic 
feet for the lighting of the auditorium 


itself. In the lighting of offices a 
good many have favored the use of 
large lamps placed on the ceiling of 
the room and the doing away of desk 
lamps altogether. For this purpose 
clusters of the new Meridian lamps, 
and also the Nernst lamps have been 
used to a considerable extent, both in 
stores and in offices. For large stores, 
if suitable shades are used, this is 
probably the best method of lighting 
thus far introduced, as it places the 
majority of the lights out of the field 
of vision; but for offices, it is not, in 
the opinion of the writer, entirely ad- 
visable. While the lights are not in 
the direct line of vision yet in a large 
office where the ceilings are of moder- 
ate height the lights are low enough to 
be more or less in the eyes during con- 
versation and although the eyes may 
not be directed at the lights a con- 
siderable amount of light enters the 
eye at an unusual angle and this is 
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injurious to any but very strong eyes. 

The best scheme for office lighting 
would be to have the lights for general 
illumination placed near the ceiling and 
covered by prismatic shades, while at 
each desk should be placed a frosted 
lamp so shaded as to be entirely con- 
cealed from the eye and so placed that 
the ight will come from the left-hand 
side of the desk. With this arrange- 
ment the light will not be reflected 
directly in the eyes from the paper and 
at the same time there will be no 
shadow from the hand to interfere 
with writing. 

When a large amount of general 
lighting is necessary, the mercury- 
vapor lamps.are to *be7used # very 
largely on account of the greater area 
of illuminating source, thus giving a 
softened and more diffused light. 

The Federal building in Chicago, 
which, as a building, is one of our best 
exponents of good lighting, has in- 
stalled a number of these mercury- 
vapor lamps and with fairly satisfac- 
tory results. 

In conclusion we would say that 
the limits of such a short article as this 


makes it possible only barely to touch 
on the more salient features of illumin- 
ating engineering, but we have en- 
deavored to bring out the following 
points: 

Ist. The need of scientific illumin- 
ation from a physiological standpoint, 
from a decorative and esthetic stand- 
point, and from the standpoint of vis- 
ion. 

2nd. We have shown that a begin- 
ning has already been made in this 
direction. While it is true that in nine 
hundred and ninety-nine cases out of 
every thousand our lighting is very 
crude and very improper, we are at 
least beginning to get some idea on 
this subject and there is no question 
but what the next twenty-five years 
will see a wonderful advance along 
this line. 

Probably no other need is more im- 
perative than that of a perfect system 
of illumination and as surely as ne- 
cessity is the mother of invention, so 
surely will the day come when our 
systems of lighting will conform to the 
higher requirements of a more ad- 
vanced civilization. 


THE ILLUMINATING- ENGINEER. 807 


The 


Fixture 


Installation of the State 


Capital at 


Harrisburgh Pa. 





FIG. I.—ROTUNDA. 


The fixture installation of the Penn- 
sylvania State capitol, which was 
formally opened: in October of this 
year, is in several respects the most 
remarkable installation in America. 
In the first place, it is undoubtedly 
the most expensive set of fixtures ever 
put into a building of any kind. rire 
contract price for the fixtures alone 
was $2,000,000. So elaborate and ex- 
“pensive has been the furnishing of the 
building in general that it was aired 
as a public scandal, and was an issue 
in the recent state election. 

To carry out the ideas of the public 
officials having the matter in charge, 
who were evidently determined to 


have all furnishings and equipments 
of the finest quality that money could 
buy, required the use of unusual meth- 
ods. A company was organized for 
the sole purpose of manufacturing the 
lighting fixtures, in order thateexclus- 
ive attention might be given their exe- 
cution, and the highest degree of tal- 
ent, both in design and workmanship, 
might be used. All of the fixtures are 
of casts bronze, hand-chased by the 
most skillful artisans obtainable. The 
original designs were, as would be ex- 
pected, elaborate in detail and’ ste 
quired unusual skill in casting. In 
fact, there are but few artisans iu the 
country who are capable of turning 
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out work of this character; and it is 
claimed that there was not a manufac- 
turer who could have completed the 
work in the time specified in the con- 
tract, and executed it with the re- 
quisites “degree ool )nexceilence-mar..c 
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specimens »O1-““art\ “metal work an 
bronze it is probable that there is not 
another collection of fixtures in any 
building in the world which can equal 
them. 

As to the propriety of expending 
such an amount of money on the ma- 
terial and elaboration of detail of 
lighting fixtures, that is another story ; 
but an inspection of the fixtures, even 
by one unskilled in art metal work, 
will show that those responsible for 
their purchase should at least be cred- 
ited with having secured what they 
evidently. sought, namely, the most 
perfectly designed and built, as well as 
the most expensive, fixtures that it 
was possible to obtain. 


The illuminating results obtained in 
this case are also a matter for sepa- 
rate consideration, and for which the 
makers of the fixtures are in no wise 
responsible, since their sole duty was 
to execute the order of their customer 
to the best of their ability. 


A general idea of the magnificent 
scale upon which the fixtures are de- 
signed may be gained from the illus- 
trations given; but it is impossible to 
show in these small views the elabor- 
ate detail of design, which has been 
wrought out with the utmost care, 
even to the minutest detail. 

Fig. I is a view in the main ro- 
tunda, showing the general disposition 
of the lighting fixtures, which are in 
the form of standards, or large can- 
delabra. The general method of light- 
ing the corridors may also be seen at 
the top of the illustration, where three 
of the ceiling fixtures used for this 
purpose are shown; the finish of this 
cotridor -is.white~ marbles sito. 2 
shows the newel post fixture, the lo- 
cation of which is also shown in Fig. 
1. The size may be judged by com- 
parison with the steps. 


Fig. 3 shows a portion of the in- 
terior of the Assembly Chamber. The 
ceiling fixtures here are in the form 
of huge lanterns—or perhaps “light- 
houses” would be a more befitting 
termy -[They‘are< beyond. doubt.eaie 
heaviest lighting fixtures ever made. 
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FIG. 4.—SENATE CHAMBER. 
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FIG. 5.—CANDELABRUM, SENATE CHAMBER. 


As will be seen, a person could easily 
stand up inside these lanterns. It may 
be mentioned here, than when the fix- 
tures were being put in place through- 
out the building a temporary traveling 
crane was erected for the purpose of 
handling them. The decorations in 
this room are best described by the 
word “gorgeous;” the ceiling being 





gilded, and the finish of the walls and 


draperies dark blue. 

Fig. 4 is.a view of the “Senate 
chamber, showing the arrangement of 
ceiling fixtures and position of side 
brackets. Although these fixtures are 
less massive, their design is most 
elaborate in detail, and the workman- 
ship exquisite in its pérfection. The 
ceiling is gilded, and the furnishings 
are of dark green. Fig. 5 shows one 
of the standards which are placed on 
either side of the rostrum. The mag- 
nificence of .this . fixture . may’: be 
judged by comparing it in size with 
the chair, and also by an inspection of 
Fig. 4. Fig. 5 also shows one of the 
exquisitely wrought side brackets, 
with which each of the pilasters is fin- 
ished. 

Fig. 6-is the private office of the 
Secretary of the Commonwealth, and 
shows the type of fixtures used to a 
considerable extent in the various offi- 
ces in the building. It will be noted 
that the table lamp is supplied with 
current by a flexible cord dropped 
from the chandelier—a make-shift ar- 
rangement entirely out of keeping 
with the general magnificence of the 
surroundings. : 

Fig. 7 shows the Attorney-General’s 
private office, and illustrates another 
type of fixture which is also quite 
largely used in the various offices. 
The table lamp with flexible cord ex- 
tending to the chandelier is also in evi- 
dence in this room. 

Fig. 8 shows one of the general of- 
fice rcoms, illustrating another type 
of fixture which is generally used for 
the various counting rooms. A fea- 
ture of this installation well worth 
noting is the side brackets. The side 
walls are equipped with metallic filing 
cabinets on all sides, and in order not 
to displace the brackets a blank space 
is left in the middle of the filing case, 
and the bracket brought forward to 
the face of the cabinet. 

Fig. 9 shows a standard in the 
Governor’s reception room, and gives 
a. fair-idea-~of the. elaborate: detail 
characteristic of the entire installa- 
tion. 
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FIG. 7.—PRIVATE OFFICE, ATTORNEY GENERAL. 
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FIG. 8.—GENERAL OFFICE, STATE DEP’T. 


The glassware with which the fix- 
tures are equipped was made _ espe- 
cially for this installation, and the 
same general remarks will apply as in 
the case Of the tisdutess manic, 1s 
pieces of artistic glass they are of the 
highest order. Most of the globes and 
shades are of crystal glass, beautifully 
cut; the others have an etched finish, 
giving them a satiny, translucent. ef- 
fect. The glassware was all made by 
the Phoenix Glass Company. 

The general management of the 
company which manufactured this re- 
markable installation was Mr. C. F. 
Kinsman, of New York. 

The public is somewhat hard to 
please in matters of government ex- 
penditure. When the New York 
State capitol building was being con- 
structed, it was found necessary to re- 
place the oak ceiling in the Assembly 


chamber not long after it had been 
completed. It was discovered after 
the new ceiling had been up that 
papier maché had been substituted for 
oak in the panels; the architect de- 
claring that this substance was far 
more durable and suitable for the pur- 
pose, and being so far above the line 
of vision, could not possibly be dis- 
tinguished from real wood. This ex- 
planation, however, failed to satisfy 
the public, or at least that part of it 
that comprised the opposition political 
party, and a general “howl” was made 
at the substitution of the base ma- 
terial.” sEhe= public; in eneraly nave 
but little idea of the extent to which 
gilded wood and plaster are being 
used in the place of solid bronze in 
the construction of fixtures and other 
art metal work. Modern electroplat- 
ing processes have enormously ex- 
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tended the possibilities of such imita- 
tion. In the case of the fixtures that 
we have just described, all imitation 
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and substitution have been rigorously 
excluded; the fixtures are genuine, 
both in material and’ workmanship, 
throughout; but in this case public 
clamor has arisen because their rep- 
resentatives have paid the price of 
the genuine, and the best that could 
be obtained. It would seem that he 
who deals with the public must ex- 
pect abuse. 


As we have stated before, a consid- 
eration of this installation from an 
illuminating engineering standpoint 
brings us to an entirely different set 
of conclusions, the summing up of 
which would be, that as an example 
of the complete subversion of the pur- 
pose and aims of illuminating engin- 
eering to the desire to make an im- 
pression by the sheer display of expen- 
siveness, the case is without a parallel 
in history. We hope in a future issue 
to treat more fully of the illuminating 
results obtained. 


The point has been made by critics 
of fixture design that the weight and 
strength of the fixture should be actu- 
ally and apparently sufficient to sup- 
port the lamps and shades, but that 
any obvious excess in massiveness be- 
vond this is contrary to the first prin- 
ciples of aesthetics as applied to deco- 
rative art. In the present instance, 
this excessive weight of metal has 
been carried apparently to the utmost 
limit. The weight of the fixtures in 
the assembly chamber, for example, 
must run into the tons,.and all this to 
support a few electric lamps which 
any. errand boy could easily carry in 
a basket! The same general criticisny 
holds in regard to all the fixtures im 
the installation. In fact the whole in- 
stallation may be more _ properly 
classed as art metal work than as 
lighting devices. 
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Plain Talks on Illuminating Engineering 


BY. LeBron 


II].—MEASUREMENTS OF ILLUMINATION ON A GIVEN SURFACE— 
THE EYE AND VISION 


The unit of intensity of illumination 
commonly used in this country is the 
“foot candle,” which we have already 
defined as the intensity produced upon 
a surface one foot from a standard 
flame so placed that the horizontal 
rays strike the surface perpendicularly. 
Illumination produced by rays. strik- 
ing a surface perpendicularly is of- 
ten briefly called “normal” illumina- 
tion, “normal” being a synonym in 
this case for perpendicular. 

In determining the intensity of illu- 
mination on any given surface from a 
light source in a given position there 
are two factors to be considered; first, 
the distance of the surface from the 
source, and second, the angle which 


the surface makes with the rays strik- 


ing it. An example will best illustrate 
the methods to be used in determining 
the results. In Fig. 1, let us suppose 
a light source placed at L, and let A-B 
represent a surface below this source. 
Let us first suppose that the light- 
source is one foot above the surface: 
it would produce an illumination of 
- one foot-candle; at two feet the illu- 


L 


Games 


mination would be one-fourth as great 
(law of inverse squares) that is 4 
foot-candle; at three feet it would be 
1-9 of a foot-candle; and so on for any 
given distance. If, however, our light 
source had a vertical intensity of 5 
candle-power, then the intensities at 
these given distances would be five 
times as great. It will be seen from 
these examples that the intensity of 
illumination on a surface at any given 
distance from a light-source may be 
found by dividing the candle-power 
intensity of the rays striking the sur- 
face by the square of the distance of 
the surface from the source. Thus, if 
the intensity is 5 candle-power, and 
the distance is 6 ft. the intensity of il- 
lumination will be 5-36 of a foot-can- 
dle. 

Now suppose that we want to find 
the illumination on a given surface at 
some point not directly underneath the 
lamp, as at P. The known quantities 
which. we have given in such cases 
are generally the perpendicular height 
of the source above the surface L-H, 
and either the distance of the point P 
from the foot of this perpendicular, or 
the angle a, which the line L-P makes 
with the perpendicular, and the inten- 
sity of the light rays at this angle, that 
is,.in the direction: L-P.. We have 
then to find out the distance from the 
light to the given point, L-P, and use 
this in connection with the difference 
which results from the rays falling 
upon the surface at an agle. Both of 
these unknown quantities can be found 
by a mathematical process from the 
known distance, L-H, and the angle 
a. If the distance H-P is known in- 
stead of the angle a, the angle may be 
easily found by drawing the figure to 
scale and measuring the angle with a 
protractor. From these known quan- 
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tities, i.e., the height L-H, and the 
angle a, the illumination at the point 
P may be found by means of trigono- 
metry. By the use of the following 
table, which has been worked out ac- 
cording to the formula for different 
angles, we can solve the problem very 
easily by the use of simple arithmetic. 





Reduction Reduction 
Angle. Factor. Angle. Factor. 
x 1.000 37 .509 
2 .998 38 .489 
3 .998 39 .409 
4 993 40 .449 
5 .988 4I .429 
6 .983 42 .410 
7 978 43 391 
8 507.1 44 372 
9 .963 45 353 
10 955 40 -335 
II 945 47 U7, 
12 .935 48 300 
38) 925 49 282 
14 O13 50 205 
15 .QOI 51 .249 
16 888 52 1233 
T7 874 53 218 
18 .860 54 .203 
19 845 55 .189 
20 829 56 175 
eA 813 57 161 
22 797 58 -149 
23 .780 59 4137 
24 5702 60 125 
25 744 61 tA 
26 .726 62 103 
27 .707 63 .0936 
28 .688 64 .0842 
20 .668 65 .0754 
30 649 66 0671 
31 .630 67 .0590 
22 .610 68 0526 
33 .590 €9 .0460 
34 .570 70 .0400 
35 550 7 0345 
36 529 72 0295 
The left-hand column in the table 


givessthe angles up to 72° and the 
right-hand column the corresponding 
reduction factor to be used in ob- 
taining the desired result. Let us 
suppose that the angle a is 30°, 
and that the intensity of light at this 
angle (taken from the curve of dis- 
tribution) is 10 candle-power, and that 
the height LH of the source above the 
surface is 6 ft. From the table we 
find that the reduction factor for 30° 
is 65. We then square the height, 
which gives 36, and multiply the result 


by the factor .65, which gives 23.4. The 
candle-power intensity 10 divided by 
this product then gives us the result 


required : oa = Az0 ) Lhe culeior 


using the table is therefore as follows: 
Multiply the square of the height ot 
the light source by the reduction fac- 
tor corresponding to the given angle, 
and divide the candle-power intensity 
of rays at this angle by the product 
thus obtained; the result will be the 
foot-candle illumination on the hori- 
zontal surface at the given point. 

This rule enables us to determine 
the intensity of illumination at any 
point on a horizontal plane below a 
light-source, providing we know the 
height of the light source above the 
surface, and its distribution curve. Ii 
more than one light source is used, it 
is simply a question of determining 
the illumination from each source 
separately at the given point and add- 
ing the results. 

Of the one remaining measurement, 
namely, the brightness of the image 
on the retina of the eye, there is but 
one point of importance to be remem- 
bered, and that is, that the brightness 
of the image does not decrease with 
the distance. There is a law in re- 
gard to the formation of images by 
convex lenses, which exactly counter- 
balances the law of inverse squares; 
so that instead of varying inversely as 
the square of the distance, as in the 
case of light, the brightness of the 
image on the eye does not vary at all. 
The practical application of this is 
found in the fact that the glare pro- 
duced by a light-source does not di- 
minish by distance as the illumination 
diminishes. This subject will be better 
understood after the reader has fol- 
lowed the explanation of the eye and 
its “use. 


—___ 


THE EYE AND VISION 


Vision is the effect produced upon 
the brain by the agency of light, act- 
ing through and upon certain organs 
especially constituted for the purpose. 
These organs consist of two quite dis- 
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tinct parts, viz: the optical part, which 
directly receives the light, and which 
is commonly called the Eye, and a 
certain particular portion of the brain, 
called the “Optic Lobes.” The two 
parts are connected by nerves, which 
form the means of intercommunica- 
tion. 

The Eye, as before stated, is an 
optical instrument, and as such is not 
difficult to understand. It is identical 
in principle with the simplest form of 
photographic camera; and as the 


camera is such a familiar instrument 
at the present time, we can perhaps 
explain the construction of the eye 
most easily by showing its corres- 
pondence with the camera. 





FIG. 2. 


Fie. 2 represents a section through 


the Photographic Camera and Fig. 3, 
a similar section through the eye. 
The camera consists of a converging 
lens foe Y paediapiracn ore stop, be 
a Shutter “or Hood, shy 2" sensi- 
tive plate, P; and a light-excluding 
box BB, which has the lens and sensi- 
tive plate at opposite sides. The lens 
in the better form of instruments con- 
sists of four pieces of glass arranged 
in two pairs, Xx, Yy, between which 
is placed the Stop. Each pair of lenses 
consists of two parts made of glass of 
different degrees of hardness and con- 
sequently different powers of refrac- 
_tion. The entire inner surface of the 
containing parts is made dead black 
so as to absorb all light reflected from 
the sensitive plate. The Sensitive 
Plate is so arranged that the distance 
between it and the lens can be varied 
so as to bring it into focus with objects 
at varying distances from the camera. 
The entire instrument is usually placed 
upon a stand or tripod which permits 
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of its being directed to any desired 


object. 


Referring to Fig. 3, it will be seen 
that all the elements of the camera 
just described are present in the eye. 
The lens, which is of the converging 
type, consists of three parts; Ist, the 
outer -part .or Cormea ©? — znd eae 
crystaline lens, L; and 3rd) a trans- 
parent fluid which fills the intervening 
space, A. Between the Cornea and 
the Lens is placed the Stop, called 
the “Iris,” I. Back of the Lens is the 
Retina, R, upon which the image falls, 
and which is sensitive to light. The 
Lens and Retina are held in their 
proper position by an enclosing box 
which is practically spherical in form, 
commonly called the eye-ball. This is 
lined on the inner surface with a dead 
black substance ch. In order that this 
enclosing chamber may keep its prop- 
er form, it is filled with a transparent, 
jelly-like liquid. The eye-ball rests 
in a spherical cavity in the skull which 
allows it to be moved in all directions 
so as to bring any desired object into 
the range of vision, just as the camera 
is swung around on its tripod. The 
front of the socket is provided with 
curtains for shutting out the light, 
commonly called eye-lids. 


The eye and camera differ in their 
focusing arrangements. The lens of 
the eye is elastic, and is provided with 
a‘ ‘set’ .of muscles “surrounding 
which, by contraction, cause the lens 
to bulge out at the center, thus in- 
creasing its curvature and consequent- 
ly shortening its focus. 


The eyelid differs in one very im- 
portant respect from the shutter of the 
camera; it does not entirely shut out 
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the light, but is quite translucent. 
The difference between light and dark- 
ness can be very readily detected with 
the lids closed, showing that consider- 
able light passes through the lids. 

Piieerctina ot the» eye is thickly 
strewn with nerve fibres, which unite, 
as the separate wires of telephone 
cables unite, and pass to the optic 
lobes of the brain. The image formed 
by the lens of the eye falls upon the 
exposed ends of these nerve fibres, 
and the action of the light produces a 
stimulation upon them, which, being 
transmitted to the brain through the 
optic nerve, produces the sensation of 
vision. 

Certain rays which do not produce 
the sensation of vision, such as the 
heat, or infra-red rays, and the actinic, 
or ultra-violet rays, act upon the or- 
gans of vision, producing an effect 
that is harmful in proportion to its in- 


tensity. The ultra-violet rays in par- 
ticular may readily produce most 
serious results; hence light-sources 


containing an excess of violet and 
ultra-violet rays are to be avoided, es- 
pecially for use where close attention 
of the eyes is required. The rays that 
produce the highest illuminating effect, 
that is, which most powerfully effect 
the nerves and optic lobes of the brain, 
are those of the yellow and yellowish- 
ereen color. Such rays, however, in 
too great an excess, are also injurious, 
as in fact is any light which is even 
approximately monochromatic. 


The mental impression called vision 
includes the following elements: (1) 
contour: (2) reliei; (3) perspective; 
(4) color. 

Contour includes the boundary lines 
of objects, and all details that do not 
embody the other three elements, such 
as printing and writing, and all other 
cases in which the impression is wholly 
due to lines on a flat surface. 

Relief is the result of varying in- 
tensities of light, commonly known as 
“light and shade.” The effect of relief 
is also materially strengthened by the 
joint action of the two eyes (binocu- 
lar vision). The simplest illustration 
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is that of a ball or sphere; as is well 
known it is impossible to produce the 
spherical effect without differences in 
light and shade. A sphere that is 
equally illuminated appears a flat disc, 
asim the case of the moon-at-iull: 

Perspective arises from the varying 
visual angles subtended by objects and 
different distances, and is also aided 
by binocular vision. 

Color is simply a difference in the 


quality of the light, and not an essen- 


tial element of vision. “In the night, 
all cats are gray,” but the general ap- 
pearance of the cat is the same as that 
produced by daylight. In fact, color 
may be considered as a purely decora- 
tive feature thrown in by nature to 
heighten the visual effect and relieve 
the monotony. Object which we are ac- 
customed to see in colors may be very 
satisfactorily reproduced by simple 
differences of light and shade; for ex- 
ample, in a portrait of a person, if well 
executed in black and white, we hardly 
miss the absence of the effect of color. 
The power to discriminate between 
colors also varies greatly with the ind1- 
vidual, in some cases being almost ab- 
sent. ‘Color blindness,” as this defect 
in vision is called, is of very common 
occurrence. 

The analogy between the photo- 
graphic camera and the eye applies 
with equal force to their use and mis- 
use; so that we may profitably con- 
sider some of the cases of defective 
photographs, with a view of determin- 
ing the corresponding conditions of 
unsatisfactory vision. 

In general those conditions which 
will produce a satisfactory negative in 
the camera will produce equally satis- 
factory vision; and whatever will im- 
pair the quality of the “negative” will 
likewise impair the visual effect. 

It will be instructive to consider some 
of the causes of defective photo- 
graphic negatives, and see how the 
same causes operate to produce unsat- 
isfactory visual effects. 

Insufficient illumination: This pro- 
duces a hard negative; that is, the 
shadows are lacking in details, and the 
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high lights, by contrast, too sharp. 
To remedy it, use a larger stop, and 
make a longer exposure. ‘These reme- 
dies for insufficient illumination the 
eye endeavors to apply automatically. 
‘The Iris is distended to its fullest di- 
ameter and a greater length of time 
is required before the brain can “de- 
velop” the picture. It has been veri- 
fied by actual experiment that the 
number of words one will read per 
minute varies with the brilliancy of il- 
lumination. Injury to the eyes from 
too dim a light is undoubtedly due to 
injury to the nerves in their effort to 
“develop” the image, i. e., to produce 
‘the sensation of vision from the effect 
-of the image on the retina; it is a case 
‘of “forced development.” Such in- 
jury, however, is far less liable to oc- 
‘cur than injury from other causes 
which we shall consider later. 


‘Too Strong Illumination: This pro- 
duces a “flat” or “foggy” negative, 
the familiar results of “overexposure.” 
The remedy: use a smaller stop, and 
shorter exposure. As in the former 
case, the eyes attempt to do this auto- 
matically. The Iris is contracted to 
its smallest diameter, and the contin- 
ued strain of the muscles in doing this 
produces the “squinting” expression 
and fatigue, familiar to all who have 
read under a too brilliant light. To 
shorten the exposure, the eyelids fre- 
quently close momentarily, or ‘wink 
and blink.” Frequent closing of the 
lids is a sure sign of visual fatigue. 
Some experimenters have attempted 
to measure the effectiveness of differ- 
ent methods of illumination by count- 


ing the number of times per minute ~ 


the user would unconsciously wink. 
When both these remedies are used to 
their limit, i. e., the Iris closed to its 
smallest diameter, and the light shut 
out, as frequently as possible, by clos- 
ing the lids, and still the light falling 
on the retina is too strong, then the 
inevitable must follow—a  ‘“‘fog- 
gy plate,” 1. e., blurred vision, which, 
if continued long enough, will serious- 
ly affect the ability of the retina to 
produce a clear image. Injuries from 
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too strong light are much more likely 
to occur than from too little light; but 
by constant exposure to too strong 
light, it may become permanently in- 
jured for use with both strong and 
dim light. 


Light shining into the camera: This 
produces the well-known effect called 
“halation,”’ so often produced in photo- 
graphing interiors where the camera 
is pointed toward a window. In vision 
this is called “glare” and “irradiation.” 
There is no remedy in either case ex- 
cept to remove the cause, that is, to 
see that no light enters the eye or cam- 
era that has not wbeemetirst rettected 
from some object; in other words, 
keep the light-source out of the direct 
range of vision; or if this is imprac- 
ticable, use some kind of diffusing 
globe so as to reduce the Se as 
much as possible. 


Some years ago the Surgeon-Gen- 
eral of the United States Army, in one 
of his official reports, stated that the 
eyes of the marines were suffering 
very much from the ‘effects of the 
electric lights. in their «quatterson 
board ship and recommended that 
steps be taken to prevent further ser- 
ious defects, but did not state what 
these steps should be. The ceilings of 
the sailors’ quarters are necessarily 
very low, and an incandescent lamp 
placed in any position would neces- 
sarily shine directly in the eyes of the 
occupants of the quarters. A diffusing 
globe or frosted lamp would probably 
have been thought a great waste, both 
of the light and the money required 
to purchase it. While a diffusing 
globe would have cut down the actual 
quantity of light more or less, the il- 
lumination produced would have been 
practically free from the serious results 
to which the officers’ attention was 
called. 

Light coming from the wrong di- 
rection: This may produce various de- 
tects. “lf the object scen ers onora- 
graphed is a plain surface, and the 
light falls upon it at such an angle 
that the direct reflection can enter the 
lens, the details of the surface will be 
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lost or destroyed. Anyone who has 
attempted to make a _ photographic 
copy of another photograph will be 
familiar with this effect. If the copy is 
put up so that the light falling upon it 
is-reflected into the camera as from a 
mirror, the grain of the paper will be 
brought out so strongly as to almost 
obliterate the details of the picture 
itself. Those who make a specialty of 
photographic copying, as for example, 
photo-engravers, always place their 
light-source, which is usually from an 
arc-lamp, at a large angle with the 
“copy, so that the direct reflection 
falls past the camera, and leaves only 
diffuse reflection to form the image. 
Precisely the same results will follow 
the same conditions in vision. In writ- 
ing, drawing, etc., the light should al- 
ways strike the paper at a large angle, 
and never so that the direct or spec- 
ular reflection will enter the eye. 


For this reason a light placed very 
high is usually bad, since it is im- 
possible to get rid of the direct reflec- 
tion. The best position is at about the 
level of the eye, at the left, with a 
shade to prevent any direct light from 
the source entering the eye. 


By the use of a good reflector it is 
possible to place electric lamps on the 
ceiling and still produce a sufficiently 
brilliant illumination at the ordinary 
height of the table; but while this ar- 
rangement is very satisfactory for 
general illumination, it is quite unsatis- 
factory for special illumination. 


There is an additional physiological 
reason why strong illumination from 
above is fatiguing to the eye, viz.: that 
it falls upon that portion of the retina 
which is unaccustomed to strong light. 
The eye had adapted itself to the con- 
ditions of daylight illumination, and 
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this is always from a moderate ele- 
vation. Those working indoors re- 
ceive the light through windows which 
are usually curtained off at the upper 
portion, so that the strongest light 
comes in not far above the level of the 
eye, in a standing position; while out 
of doors the eye is protected from the 
light coming from the higher eleva— 
tions by the hat brim. Those whos 
are accustomed to indoor light, how-- 
ever, find the full light out of doors,. 
especially in bright sunshine, very try— 
ing to the eyes. 
The most familiar example of the in- 
jurious effect of light coming from un-- 
usual directions is that of snowblind-- 
ness. This is due to reflection fron 
the surface of the snow giving a very’ 
strong light from below. Where it is: 
necessary to work under a strong 
light from a high elevation the eyes 
should be protected by an eye-shade 
in such a manner as to cut off the di- 
rect tays10L tue: sirone light fron 
above is simply a reversal of the con- 
ditions which produce snowblindness. 
Light from two or more directions: 
This in photography would produce a 
“flat” picture, that is, one lacking im 
perspective or relief. The best illumin-- 
ation requires the strongest light fron 
one particular direction, but some 
light from every direction. This is the 
condition when daylight is admitted 
through a large window. If the object 
looked at, however, has a perfectly flat’ 
surface, then it does not matter from 
how many directions the light comes ;: 
since there is no relief in the object 
looked at, but only a contrast between: 
black and white. But where the object 
i Not ad Plain Sul tace, as im tie.case 
of various sorts of work, then light 
from all sides destroys the relief and’ 
renders the vision more difficult. 
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Simple Studies in Fixture Design 


By Ernest CG: WHITE: 


It is not the purpose of these ar- 
ticles to go into the elaborate details 
of fixture design either from the 
standpoint of mechanical construction 
or the calculation of illumination. It 
is intended, however, to offer sugges- 
tions which will be both practical and 
in line with the best illuminating en- 
gineering practice. 

It is believed that with the co-opera- 
tion of fixture manufacturers, designs 
may be produced which, whether or- 
nate or simple, are at least evolved 
from first necessities. If we are to go 
on making fixtures first, and then se- 
lecting glass ware to “look well” on 
the fixture we shall make slow prog- 
ress towards better illumination. It 
seems far more reasonable to start 
from the assumption that certain lamps 
and glassware in certain positions are 
required and then design a fixture on 
which these necessary “accessories” 


are to be carried. 
Many forms of glassware are be- 





coming recognized as efficient for illu- 
minating purposes in a general way. 
Even where this efficiency is . recog- 
nized, however, there is still much re- 
luctance to the use-of efficient reflec- 
tors because of objections from an ar- 
tistic standpoint. The first princip!es 
of lighting fixture design, as above re- 
ferred to, must be depended upon to 
overcome the natural antipathy to in- 
congruous combinations of fixtures 
and glassware. 





Gs: 


Tig. 1 shows a five light chandelier 
of no more expensive design than 
many in common use. The difference 
lies in the fact that this fixture is in- 
tended to carry a five-pointed pris- 
matic glass reflector, which combines 
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a reasonably high efficiency with 
enough peculiarity of form to 
establish some artistic relation 
between the fixture and reflec- 
tors. Spherical frosted lamps 
are used as these are fairly ex- 
posed to view in all directions. 

Fig. 2 suggests a possible way 
of utilizing the same glassware 
on a two light bracket. 

ioe 27is a large ceiling’ fix- 
ture carrying out the very con- 
ventional combination of a large 
central globe surrounded with 
smaller lights. In this case the 
upper half of the central globe, 
however, is a prismatic reflector, 
and the lower half a Holophane 
bowl. This would contain about 
four lights. The surrounding 
balls are made on the same prin- 
ciple as the globe shown ip Fig. 





4, except that the lower ground 
glass half is ornamented without 
stars. It must be said that this 
fixture is very little more than a 
grouping of efficient glassware. 
The general appearance, how- 
ever, is not inharmonious, while 
the general efficiency as a ceiling 
cluster is certainly considerably 
above the average. 

Fig. 4 suggests only one out 
of a hundred ways in which the 
elass reflector illustrated could 
be suspended without artistic of- 
fense. Yet this piece of glass- 
ware is exceedingly plain as seen 
by itself, it being one of the 
latest forms of globes made in 
one piece, the upper half being 
composed of reflecting prisms, 
and the lower half of heavily 
frosted glass. 


RIG. 4, 


Some Difficulties in Street Photometry 
Byes. Dow 


It is only recently that the public 
has come to feel much confidence in 
photometrical measurements. Tests 
in the photometrical laboratory, how- 
ever great their experimental value, 
frequently do not give any adequate 
idea of what the results of using a 
given system of illumination under 
practical conditions, will be. 

There are so many factors, such as 
the grouping of the lamps, the refiect- 
ing power of the wallpaper, etc., to be 
taken into account, and it is only re- 
cently that the influence of these fac- 
tors has been studied by means of 
measurements made on the spot. 

There are, however, many diffi- 
culties in making accurate measure- 
ments of this kind even at the illumin- 


ations which are commonly used for 
indoor lighting, and when we come to 
street-lighting, the difficulties are mul- 
tiplied. Measurements have usually 
to be made over a wide area. The 
illuminometer must therefore be port- 
able, and this in itself entails a con- 
siderably lower degree of accuracy 
than that obtainable in the photometer 
room. Moreover, the degree of il- 
lumination to be measured is often ex- 
tremely low, and this makes it very 
difficult to take satisfactory photo- 
metrical readings. Mr. Haydn Harri- 
son in a recent paper before the Eng- 
lish institution of electrical engineers 
gave figures ranging from 0.05 candle- 
feet down to 0.005 candle-feet for the 
minimum illumination met with in the 
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streets of an ordinary English town. 
The acuteness of vision curves giv- 

en by Dr. Bell in THE ILLUMINATING 

ENGINEER for June show very clearly 


how rapidly the factor = —the 


smallest percentage change of illumin- 
ation detectable by the eye— increases 
when the illumination falls below about 
0.2 foot-candles. 

In addition to this we have to face 
the fact that small as these illumin- 
ations as measured by a photometer 
are, they are certainly very much 
greater than the actual illumination of 
the pavement or roadway which re- 
flects a variable and often very small 
fraction of the light impigning upon it. 
In this way a source of uncertainty 1s 
introduced which photometrical meas- 
urements do not take into account, 
and these measurements are therefore 
of a somewhat arbitrary character. It 
is not, in fact, quite settled whether 
such measurements should be made in 
a vertical plane, a horizontal plane or 
a plane at 45° to the horizontal. All 
three methods have been used by dif- 
ferent investigators. 

The most serious difficulty, however, 
arises from the different colors of 
many lights such as flame arcs, incan- 
descent gas lamps and mercury vapor 
lamps, which have recently been in- 
troduced. Apart from the difficulty of 
making a judgment at all for lights of 
such different colors a photometrical 
measurement may easily give quite a 
different impression to that received 
by the eye when surfaces of a different 
size and character to the photometri- 
cal surfaces have to be illuminated. 

It may be well in this connection to 
briefly repeat the physiological theory 
of the “rods” and “cones” as quoted 
by the writer in a recent paper. (IL- 
LUMINATING EENGINEER, September, 
1906). According to modern physio- 
logical views the perception of light 
and color is accomplished by minute 
organs scattered over the retina and 
known as the rods and cones. The 
rods can perceive light only but can- 
not distinguish color. They are, how- 
ever, most sensitive to bluish light, 
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which appears to them white. They 
are sensitive to very weak light but 
soon become “saturated” and do not 
respond further to increased illumin- 
ation past a certain point. The 
“cones,” on the other hand, can ap- 
preciate difference of color. They are 
unsensitive to weak illuminations, but 
when the illumination is increased past 
a certain point they suddenly begin to 
act and continue to respond to stronger 
light until, at ordinary illuminations, 
the action of the rods is insignificant 
in comparison. The cones are most 
sensitive to yellow light. 


The result of this is that very pe- 
culiar effects occur when the illumin- 
ation is reduced to the borderland 
where the action of the rods is com- 
parable to that of the cones. At the 
illuminations of the order frequently 
met with in street-lighting, the Purk- 
inge effect becomes very noticeable. 
In fact at such illuminations the eye 
may become practically blind to red 
light. Consequently curves of illumin- 
ation calculated theoretically from the 
candle-power possessed by a lamp at 
strong illumination may prove quite 
misleading. 


Even results obtained with a photo- 
meter on the spot may not furnish a 
correct idea of the actual illumination, 
and for the following reason. At the 
central portion of the retina there ex- 
ist only cones while both rods and 
cones are to be found on the surround- 
ing portion. Consequently at weak il- 
luminations the apparent brightness 
of the illumination depends very 
greatly on the portion of the retina on 
which the image of the illuminating 
surface falls. Even for white light, 
the illumination depends on the size 
of the illuminated surface, while for 
lights of different colors the differ- 
ences so introduced may be very grea 
indeed. 2 


The comparison of the small illumin- 
ated surfaces in the photometer, there- 
fore, cannot give a correct impression 
of the actual illumination of large 
tracts of pavement or roadway. 

We have also to remember that the 
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main object of street lighting is to 
enable us to see our way about satis- 
factorily—to see clearly, for instance, 
where the pavement ends and the 
roadway begins—in fact to reveal de- 
tail. 

Now according to. Helmholtz, 
Weber and others, at weak illumin- 
ations the detail revealing power of 
red light is better, for a given inten- 
sity of illumination, than green light. 
It seems possible, therefore, that 
photometers depending on the “method 
of equal brightness’ are open to ob- 
jections from this point of view. 

Finally it must be remembered that 
the personal element is admittedly very 
important when we are dealing with 
color and when the illumination is very 
low. 

Fortunately it seems probable that 
the progress which is being made in 
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illuminating matters will certainly 
smooth away many of these photo- 
metrical difficulties. The acuteness of 
vision curves already referred to show 
that while the visual acuity falls off 
rapidly below about 0.2 candle-feet, no 
very considerable gain is obtained by 
increasing the illumination past I 
candle-foot. Probably therefore we 
shall eventually be able through the 
greater cheapness of light, to secure a 
uniform illumination in the neighbor- 
hood of this value and so avoid the 
photometrical consequences of the 
feeble illumination we have often to be 
content with at present. 

Also it seems likely that a standard 
spectrum for illuminants, approxi- 
mating to daylight, will eventually be 
agreed upon and adopted, and that 
the color effects which are at present 
so troublesome will thus be avoided. 


Daylight Illumination 
Bye Osi, GASOUIN: 
Il. BRIGHTNESS OF THE SKY 


In speaking of the candle-power of 
a lamp, the “candle” which is com- 
monly referred to as the unit is the 
British sperm candle of 1860, and it is 
the horizontal radiation from this old 
candle to which reference is made. 
Any lamp has one candle-power in 
any particular direction if its rays in 
that direction have an effect upon the 
eye equal to that of the horizontal rays 
of the standard candle. The eye 1s a 
fairly good judge of the equality of 
two light intensities, but not of ratios 
much different from unity. In order 
therefore to compare light sources of 
different magnitudes, some arrange- 
ment must be made to equalize their 
effects upon the eye, after which their 
ratio can be inferred from the physi- 
cal relations adopted. Thus, by vary- 
ing the distances of two lights from a 
screen until their effects are equal, the 
ratio of their candle-powers is com- 
monly inferred from the law of uni- 
versal squares. 


It is rather striking that the candle- 
power for different individuals of a 
lamp is not necessarily a constant 
even if its radiation is constant. This 
is because candle-power is defined in 
terms of visual sensation and different 
eyes have somewhat different degrees 
of sensibility for light of various col- 
ors. 

We may imagine a unit candle giv- 
ing an equal radiation in all directions 
and placed at the center of an imagi- 
nary sphere of one foot radius. The 
illumination at any point on the sur- 
face of this sphere is then said to be 


- one foot-candle, frequently written 


candle-foot.. The flux or stream of 
light passing through the whole sur- 
face of the sphere is sometimes spoken 
of as one spherical-candle. ‘The area 
of the sphere is 4 7 square feet. The 
illumination may be defined in another 
way, namely in terms of spherical 
candles per square foot, and from the 
above it is readily seen that one spheri- 
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cal-candle per square foot is the same 
illumination as 4 z foot-candles. 

A somewhat more dignified system 
of units than the above has grown up 
in Germany and is commonly used 
among scientific men the world over. 
In this system the standard source of 
light is the Hefner lamp, much supe- 
rior to the old-fashioned candle in re- 
liability. Its intensity may be called 
the hefner and is equal to 0.88 candles. 
Assuming uniform radiation and a 
sphere of one meter radius about the 
lamp, the illumination at any point on 
the spherical surface is called one lux 
and equals 0.082 foot-candles 

(0.88 X ( = ) Oa 2): 


meter 





The flux, per. square =meter, of “the 
Splere, -1.€:, per ruint wsolide-atiale, 16 
called the lumen and equals 0.07 
spiterical candles (0.88 = 4.7 == 6.07). 

The brightness of a small surface is 
the ratio of its candle-power at right 


angles to the surface divided by the 


area of the surface. It is commonly 
given in candles per square inch. In 


dealing with daylight illumination in 


which the surfaces giving light are of 
large area and of small brightness as 


compared with that of artificial lights, , 
it will be convenient to express bright-. 


ness in candles per square foot. One 
candle per square foot is the same as 
t#z candles per square inch and 
0.00122 hefners per square centimeter. 


It may seem odd that one should 
express the brightness of the sky on 
this square foot basis inasmuch as 
the sky is generally thought of as an 
intangible far away something rather 
hard to define and entirely incapable 
of being estimated in ordinary units. 
This difficulty disappears with the ex- 
planation that the luminous area in 
question is measured at the opening in 
the roof or wall through which the sky 
is viewed. “Per square foot” does not 
imply that the opening is one square 
foot in area; it simply comes into the 
expression for the ratio of the normal 
candle-power to the area. 


A serious attempt to obtain a fairly 
reliable estimate of the mean bright- 


“and five-inch diameters. 
nation from the sky was balanced by 
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ness of the sky at Chicago was made 
by the American Luxfer Prism Com- 
pany in 1897 and I am obliged to this 
company for permission to report this 
valuable piece of research. The zenith 
sky was selected as the most natural 
point for beginning observations. Its 
brightness was measured three times 
daily during about five and one-half. 
days ot the) week, for mnearly =i 
years. In order to make the part of 
the day covered by these observations 
correspond fairly well with business 
hours, it was determined to take them 
at O a, t.,rat 12230 sp. tm. sancrai. 3G 
p. m., and these hours were adhered 
to throughout. 


The photometer room was located 
on the top floor of the factory build- 
ing. An opening in the roof between 
eight and nine feet above the photo- 
meter screen permitted the use of aper- 
tures of various areas, the sizes gen- 
erally used being circles of three-inch 
The illumi- 


that of an incandescent lamp sliding 


-along a horizontal photometer bench. 


Lamps were at hand of various can- 
dle-power, frequently checked at vari- 
ous voltages by means of a Hefner 
standard lamp. 


As the color of the lights to be com- 
pared was so different it would have 
been practically impossible to carry 
out the observations with any accu- 
racy if the principle of the flicker pho- 
tometer had not been announced by 
Professor Rood some time before. 
The form used was of simple design 
but proved very satisfactory. The 
white screen was stationary and made 
equal angles with the rays from the 
two sources of light. A rotating sec- 
tored disk caused the source of the 
illumination of this screen to alter- 
nate between the lamp and the sky 
opening. On viewing the screen one 
saw its brightness flickering if the illu- 
mination from the two sources was of 
different intensity; the lamp was 
moved until this flickering disap- 
peared. Several settings were made at 
each observation so that for moderate 
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values of the brightness of the sky the 
balance was easily made to within 
about one per cent. The possible er- 
ror in the actual value of the bright- 
ness of the sky at any observation is 
naturally greater. It was probably 
generally within five per cent, which 
is well within the needs of the present 
state of the art of illmination by: day- 
light. 

The kinds of sky were arbitrarily 
divided at the beginning into the fol- 
lowing five classes, roughly estimated 
by eye observation :— Class 1, clouds, 
no blue sky, no sun, storm present or 
near; Class 2, overcast, no blue; Class 
3, clouds predominating, generally 
cumulus; Class 4, blue predominating 
—clouds generally cirrus; Class 5, 
cloudless, either clear blue or hazy. 

The results of the observations are 
given in tables 1, 2, and 3. Classes I 
encmsmeoive: tne least licht,. a result 
which one might not at first glance ex- 
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too thick for much light to get through 
while in the last class the atmosphere 
is too clear to turn much light from 
its course. The mean brightness of 
each class of sky is given on each 
table and it will be noticed that their 
order of brightness is 1-5-4-3-2 except 
in the morning observations in which 
the 4 and 5 are interchanged. 

In Figure 1 the classes of sky are 
arranged in the above order and the 
mean brightness of each class plotted 
to the vertical scale. It is very strik- 
ing that the points representing 
Classes 1-5-4-3 arrange themselves 
along a straight line. The difference 
between 2 and 3 is only half that be- 
tween the other classes. The light line 
in Figure I suggests approximate and 
easily: eremenibered » valiies. vot) the 
brightness of these classes of sky, viz., 
200, 300, 400, 500, and 600 candles 
per square foot. One must not infer 
from the relation shown in Figure 1 


pect. In the first class the clouds are that these classes of sky have mean 
MONTHLY MEAN BRIGHTNESS OF SKY AT 9.00 A. M. 
TABLE ‘1. < 
abn g 
Sie cia 
Class,’ Class), Class - Class Class Se ae) 
2 3 4 5 ae ‘ q 
Mat eee ie 1898 5s 270 266 ee 120 210 44 ney 
te a es ee 1899 160 180 210 BOO) © 120 160 OY, Pei: 
PeOae Sr. 7) 2 TSO8 360 370 250 Som: 180 330 43 44.6 
Mtamee aetna) ESGO 450 260 430 200 180 240 28 eae 
Ni aera ror ft ESOS, 160 440 420 510 230 340 54 52.0 
tA ln tba aN esHOKe) 240 300 4Io 230)" 2240 290 36 Pa 
ADO Cie) 3. ne tSOS ers: 330 620 ae: 430 450 67 66 
s a ets 670 1020 -~ 1020 790 420 680 70 nie 
May. 1899 580 860 1560 580 420 650 70 (eRe: 
AiG. a is eee 1898 ae 1230 1310). 1000" 540 810 63 Tess 
Aan Seats fo anal 1899 1240, 21280 5204, 400 700 86 ae. 
DEN arms Sores 1898 oo 750 750 525, 000 780 84 76.3 
af aioe itt: td 1899 270 1030 T490 940 340 690 Wi ne 
Aug. 1898 594 TOOO) |) 1025 520 960 goo 66 4:3 
Soo) ee ee o> TOG 240 1400 780 690 350 480 75 Loe 
Oye GLENS Moab oe . 1898 330 T2170.) TOZz0 50mm Ac 810 62 65 2 
Och Gs -sauee L807 ae 460 730 els 180 430 80 3.2 
- SOS ee 368 Rae 2002 —=230 B70 35 Sa 
NOV. ei ae 1897 59 380 420 1A | LO 260 27 Tie 
NS tpn ee Baas . 1898 93 350 480 240 170 285 47 eee 
DEC paeeatere. 1897 IIO 280 350 220) LES 220 21 Sanne 
wate Cee 1898 160 240 220 102 180 46 cates 
Mea iirc 180 560 720 Atos lun 3 20 : 
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MonTHLY MEAN BRIGHTNESS OF SKY AT 12.30 P. M. 
TABLE 2, 22 
Fou u 
aAae 
Class - "Class: *iClass" © Class’ Class SX or 
I 2 3 4 5 eae q 
Uhead Meena 1898 wee 500 290 380 200 370 63 53-6 
Epes ta ee. Cokie 1899 270 490 250 320 140 280 61 ee 
Pep noe! 1898 120 620 200 510 580 520 59 66.7 
Be eR RTD ote | 1899 550 210 190 200 390 59 mated 
A EN aa erates Bs Pe be! 1898 atcha 650 650 T1340 350 610 67 05 «2 
SOA, Sean res 1899 350 610 470 240 490 520 51 Ma 5 
APra (1-14) Gee 1SOS ae Q20 1260 310 880 7G 67 RR 
Re ee E1800 670 1200 590 720 620 760 82 ee 
Ma Vinee . 1899 mate) 840 520 830 710 720 85 81.2: 
i hibh toe ie estate 1898 180 2700 3400 1460 750 2200 70 serene & 
se bie ee eR 1899 1240 970 980 540 980 86 one 
A SOU 3S iene: 1898 pee 1700 1250 830 aff) 990 86 ORS. 
oe Ge Meee oes 1899 330 1250 880 890 590 860 82 S.A 
Tab E api eas yet a 1898 es 2100 g20 II40 1050 1440 82 S2er 
RTO eee 1899 150 nee 480 650 670 87 at we 
DG Ue urges 1898 1020 1080 870 800 950 76 Jens 
Oct (5-35 )\e. “1307 170 a ee 550 500 Igo 270 87 Fete 
he ee ered oys: Mere 650 440 400° 340 520 45 fea 
UNION gee eee 1897 50 530 470 270 140 610 48 56.8 
co 1898 60 610 630 T7e 180 430 97) eT 
Dec 1897 Ilo 280 340 200 180 230 42 48.9 
‘g 1898 280 360 380 280 140 270 63 ns ee 
Meante-< stress 310 960 750 5002 460 
* Monthly Percentage of Sunshine 12-1 
q Normal Monthly Percentage of Sunshine 12-1 
MONTHLY MEAN BRIGHTNESS OF SKY AT 4.30 P. M. 
TABLE 3, fe) 
: a B® y 
gou 8 
Cless Class, 1Classi =. Class =) Class Zs SO 
I 2 a 4 5 - a Tt t 
NGLIA th Sa corhe A c 1898 sae 24 atte 25 24 29 30 36.6: 
palace ots et duct, 1899 4 7 30 52 25 25 43 cited 
epee 1898 an ofa 130 E26. | otos 97 28 20nd 
i nerneea 1899 56 Pile: go G2 66 33 me 
Mar.. 1898 95 260 OO = i720 120 bg 40.5 
Sk Suna eee 1899 100 12% 190 170 ihe 210 16 eye 
Apt, (itd ieee | ESOS 280 ier yale: IIO 220 41 Band 
fe en ip irerets) ee 400 420 260 180 240 50 are 
Maye gee ane 1899 78 430 320 200%. 200 290 49 Sane 
ARE ot eee egmer oe: 1898 NA goo alah 360 260 500 56 O78 
Ce RL Somers 1899 460 360 400 300 190 300 70 ee 
Nagle eee nen 1898 eae 720 a 400 310 350 88 Om A: 
SRE Tene Sera 1899 23 320 280 ASO 2tG 250 60 edie 
Ae ace 1898 Beets 610 460 620% 197330 520 60 OF ao 
SRE Serge 1899 serene Sate 208 LOO 200 83 ines 
ie) 6) cede age eS 1898 430 480 200 =) =f 5C 370 46 54.2 
Oct (5-35) er oor, ee 19 Bice! Kapet 8 16 49 cond 
‘ 1898 40 48 88 IIo we 63 19 eae 
INOW aah Sees 1897 22 29 48 20 25 Be 21 36.8 
OCRed Mian ioh he 18098 Bas IO 2I Meer ies 13 40 Mee apa 
WQeCaxe Merete 1898 5 5 av 4 6 5 43 ia treads 
MiGat wen aes 196 620 560 A355 eto 





+ Monthly Percentage of Sunshine 4-5 


t Normal Monthly Percentage of Sunshine 4-5 
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constant brightness throughout the 
year. That this is not true is shown 
in the tables. The mean observations 
for Class 2 for December fall below 
200 candles, while those for June are 
above 1,200 candles. 

Figure 2 shows how the observa- 
tions throughout the year were dis- 
tributed among the different classes of 
skv, expressed in per cent of the whole 
number of observations for each 
month. Thus, for June there were 
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taken about 140 observations. One 
sees from the table that about 2% of 
these belonged to Class 1, about 27% 
to Class 2, 15% to Class 3, 19% to 
Class 4 and 37% to Class 5. Through- 
out the year, except perhaps in Sep- 
tember, Classes 2 and 5 are seen to 
be the most important ones, while 
Class 1 seldom rises above 5%. 
Classes 3 and 4 seem closely related 
and assume considerable importance 
only in the fall. 

The tables in the two right hand col- 
umns give the percentage of sunshine 
at the corresponding hours for the 
several months as recorded at the Chi- 
cago office of the U. S. Weather Bu- 
reau, also mean sunshine values for 
ten years. Sunshine is recorded by 
an automatic device operated by the 
radiant heat from the sun and so set 
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as to make a record whenever the sun's 
disc is clearly visible. It seems that 
there should be some relation between 
the mean percentage of sunshine and 
the mean brightness of the sky. In 
order to obtain some idea of this rela- 
tion for the monthly mean values, the 
curves shown in Figures 3 and 4 have 
been plotted from the values given in 
tables #t-and= 2, “Inethe firstenomrestne 
two variables correspond as nearly as 
one could expect; the relation is di- 
rect in the main, (1.e. both increase or 
decrease together) but sometimes they 
seem to vary inversely. This cor- 
respondence does not show at all 
clearly in the curves of Figure 4 for 
midday observations, a point which 
calls for further study. 

It <trom™ the: ‘tables one finds sthe 
mean brightness per month for each 
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hour at which observations were 
taken and if he then “ftakes: “the 
mean of these monthly values the re- 
sult will be the annual mean, and is 
for morning 480 candles, for midday 
710, and. for.evening 100s" lier icune 
5 these numbers are plotted to the scale 
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of brightness shown and at their 
appropriate hours. The heavy line 
connecting these three points may be 
taken to represent the brightness of 
the sky throughout the day. We wish 
now to arrive at some one number 
which represents the average yearly 
brightness of the sky during office 
Nourse, {fom O a.m. to 4:30 p. m. 
If we take one-fourth the sum of the 
morning value the evening value and 
twice the midday value we shall have 
a mean correct within a few per cent. 
The result is a little over 500 candles 
per square foot, but since 500 is easily 
remembered and since two years is too 
short a time to determine such a con- 
stant within several per cent, we shall 
call 500 the mean annual brightness of 
the zenith sky at Chicago. 

Considering Figure 5 again we 
might expect the curve representing 
the brightness of the sky to be sym- 
metrical about the vertical 12 o’clock 
hour line, i.ec., we might expect the 
mean brightness to be about the same 
at 9 a. m. and at 3 p. m. and likewise 
for the other points. Following this 
suggestion the three points at 7:30, 
11:30 and 3 o’clock have been entered 
in Figure 5 and the six points thus 
obtained have.been connected by a 
dotted line. The result is seen to be 
a curve something like the mean daily 
sunshine curve also shown in this fig- 
ure to the scale at the right. It is quite 
natural to suppose that the two curves 
should be similar for the middle six 
or seven hours of the day. For the 
part of the day in which the two 
curves do coincide to the scales given 
in Figure 5, we have, 

b = 20(p—-35). Eq. 1. 

in which p is the mean percentage of 
sunshine for any hour and 0D is the 
mean brightness of the sky for that 
hour. 
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In Figure 6 we have the mean daily 
brightness of the sky for each month 


plotted to the scale shown. Each 
point was obtained by taking one- 
fourth the sum of the morning value, 
the evening value and double the mid- 
day value as explained above. The in- 
formation given by this curve is simi- 
lar to that given by Figures 3 and 4, 
but each point here plotted represents 
about six times the observations rep- 
resented by a point in the former fig- 
ures. The interesting thing about this 
figure is that it seems to show a ten- 
dency of the sky curve to approach 
the form of the sunshine curve, as 
the number of observations increase. 
The most serious divergence between 
these curves is in the month of June. 
This, however, is probably due to the 
apparently exceptional brightness of 
the June sky in 1897, which was 
about double that of June, 1898, as 
shown by the tables. It seems quite 
likely that further observations would 
make these curves practically coincide. 


(To be Continued.) 
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Meters and Meter Reading 


By NorMAN MACBETH. 


Practically all of the meters in gen- 
eral use today are watt hour meters, 
also frequently called integrating or 
recording watt meters. The dials 
register the use of electrical energy in 
watt hours, which term is defined 
electrically as a current of one ampere 
flowing under the pressure of one volt 
for one hour. Bills are ordinarily fig- 
ured in thousand watt hours or kilo- 
watt hours, which is practically the re- 
sult of eighteen to twenty sixteen 
candle-power lamps, depending on the 
efficiency of same, burning for one 
hour, or nine or ten lamps for two 
hours, etc. An electric meter, is. an 
electric motor, the speed of which de- 
pends on the amount of energy flow- 
ing through same as required for 
lamps or motors on a consumert’s serv- 
ice, and should not register when cur- 
rent devices are not in=use, = lhey-de 
register, however, when over com- 
pensated or too finely adjusted to 
overcome the friction of the bearing; 
thise condition “issicalled= creepins 
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FIG. 2. 


The shaft or armature of this motor 
is in an upright position, the top of 
same connecting with the gearing on 
the back of the meter dials (Fig. 1). 
A very small force would cause the 
armature Cc to rotate very rapidly and it 
is necessary to provide some means 
for governing the speed and the action 
of same. To accomplish this, perma- 
nent magnets MM are provided be- 
tween the poles of which a disc D at- 
tached to the armature shaft re- 
volves. These magnets have a 
breaking effect on the disc, retard- 
ing its speed. A slight change in their 
strength, due to improper ageing, an 
overload of the meter, or,a short cir- 
cuit will cause 7a ‘change in*thei; 
strength and a considerable change in 
the accuracy of the meters \Vecakened 
magnets are responsible for a large 
number of fast meters, show a con- 
siderable increase in the monthly bill, 
without value received. In _ other 
words, a fast meter does not increase 
the efficiency of a lighting or power 
installation. The lamps do not give 
more light nor will the motor have 
done more work than on a bill for a 
lesser amount on an accurate meter. 


(Fig. 2) Dials all register in tenths 
or tens, the lowest reading pointer be- 
ing the one on the extreme right fac- 
ing the meter. - It will be seens that 
the ratio of velocity of the neighbor- 
ing pointers is ten to one, the wheels 
of the shaft to the right gearing inte 
the pinion of the shaft just to the left 
of it. This accounts for the alternate 
direction of rotation of the pointers. 
The value of one division on the first 
dial on the right is one-tenth, the next 
dial units, the next tens, the next hun- 
dreds and ‘thegnext thousancceass ic 
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value of these divisions, however, is 
placed by different manufacturers at 
various points. In some meters they 
ateetchtis.-sOine. Units, Or quarters, 
halves or multiples of ten as the case 
may be, according to the constant or 
dial values as marked on the face of 
the = dial, These. values must be de- 
termined by a careful consideration of 
the figures given above or below the 
dials and with reference to the illus- 
trations following it is hoped that a 
fair understanding may be secured. 
Each dial, you will note, is divided 
into ten divisions, one revolution of 
the pointer of any dial is equal to one 
division of the dial of next greater 
value. Dials are read in the order be- 
ginning’ with that having the lowest 
capacity, writing the result from right 
jommlett. Ine the-sreading “ofthe 





One Division of 0.7s.Dial=0.1 Kilowatt Hour. 





FIG. 3. 


dimkshown dn ahig.. 3. the upper 
right-hand or tenths dial reads 9, the 
second dial 4, being practically nine- 
tenths past 4 and will not be 5 until 
the first dial has reached nought or 
zeto. The third dial reads 9, being 
four-tenths of a division past 9. The 
fourth dial reads 1, being nine-tenths 
of a division past 1, this dial will not 
read 2 until the previous dial reaches 
nought, which will not occur until the 
second dial has gone around practic- 
ally five-tenths of a revolution, when 
the first dial will have gone around 
over five times. The last dial reads 4 
and as each division of the first dial 
is one hundred watt hours or one- 
tenth kilowatt hour, the result 1s 
4,194,900 watt hours or 4,194.9 kilo- 
watt hours, placing the figures as read 
from right to left. 





FIG. 4. 

Owing to the closeness 0: the ob- 
servation required and the possibility 
of error caused by the angle at which 
the observation is taken, it is neces- 
sary to read all dials after the first in 
connection with the one of next lower 
value and from a point where the line 
of observation will be at right angles 
to the dial face. In Fig. 4 all dials 
are at zero, although they do not ap- 
pear to be, owing to the angle. 


INTEGRATING WATT- METER 
TYPE-K- 
FT WAYNE ELECT. WORKS FT. WAYNE IND. 





READING-1965.9 KiLOWATT HOURS. 
FIG. 6. 


In Fig. 5 one complete’ revolution of 
the right-hand dial is 1,000, therefore 
each division is too—this dial reads 
9,112,800, and should be considered 
only as the meter registration, the 
value of this result depending on the 
multiplying constant of the meter or 
the value of the units as stated on the 
dials. 

Fig. 6, each division of the right- 
hand dial marked tenths is one-tenth 
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INTEGRATING WATT- METER \ 
TYPE-K- 


FT.WAYNE ELECT. WORKS FT: WAYNE IND. 






READING -9704590 KILOWATT HOURS. 
FIG. 7: 


of a kilowatt hour, or 100 watt hours, 
and reads, 1,965.9 kilowatt hours. 

Fig. 7, each division of the right- 
hand dial marked 100s is 100 kilowatt 
hours and reads, 9,704,500 kilowatt 
hours. 
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Fig. 8 is rated in 100s-watt hours, 
not kilowatt hours as in Fig. 7, and 
therefore reads, 4,194,900 watt hours 
or 4,194.9 kilowatt hours. 
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FIG. Q. 


Fig. g reads in 1000s-watt hours 
and reads, 20,581,000 watt hours or 
20,581. kilowatt hours. 

Fig. to reads in 1000s also, but in 
this case as in Fig. 9 each division of 
the lowest dial is 1000 kilowatt hours 
or a total of 26,583,000 kilowatt hours. 






1HE SECLOMINALINGIENGIN GE ke 





FIG. LO: 


Iie, 11 has but four dials, the low- 
est value being Is in kilowatt hours, 
gives 9,659 kilowatt hours. 

Fig. 12 reads in dollars and cents 
direct, the meter being adjusted to 
conform to the rate in cents per kilo- 


1000 & 1005 los 1s 
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watt hour, the first two dials on the 
right reading in cents and the balance 


in dollars. 





Gees 


Fig. 14 uses but four dials and re- 
verses the direction of rotation of the 
first dial indicating o561. kilowatt 
hours. With this exception, all the 





PIG aL; 
above dials of lowest value revolve in 
the same direction as the hands on a 
clock. 
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Meter readings are cumulative and 
always represent total registration 
from the time the meter was started. 
homeootaii registration." for .. any 
eiven, wpernod,,. deduct reading’ at 
beginning of period from that at 
the end, multiply the result by the 
constant for watt hours, or place a 
decimal point if the lowest dial reads 
ie tenths, or tens, inits or -decimal 
parts of units. 

The following set of dials, being 
taken as more than ordinarily difficult, 
when understood should qualify any 
consumer to read his meter. Suppose 
a meter were installed for a load of 
50-16-c.-p. lamps or a 3 h.-p. motor in 
use six hours per day, meter installed 
June 20th with all dials at zero. On 
June 27th, after five days and a half 
run, the meter reads as in Diagram I. 
The first or lowest dial on the extreme 
right indicates .7 (seven-tenths), the 
Newt toi incrcates O,', the. next 10s, 
im@scates. +O); and,- the _-next,-. or 
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LOOS mtestynapparently Om» as..Lbut 
since the 10s dial has not yet com- 
pleted its revolution the 1oos dial in- 
dicates o as does also the ro0oos dial, 
making a total reading of 0099.7 kilo- 
watt hours and a charge from June 
20th to June 27th of 99.7 kilowatt 
hours, or 99,700 watt hours. On 
August 22nd, 48 days later, the dials 
appear as in Diagram 2, ogog.1, from 
which we deduct the reading on June 
27th, 0099.7, giving a registration of 
809.4 kilowatt hours for June 27th to 
August 22nd. On August 28th—five 
days later—Diagram 3 reads 0999.9, 
deducting ogog.1 of August 22nd 
gives 90.8 kilowatt hours for August 
22nd to August 28th. Half an hour 
later this reading is verified by Dia- 
gram 4, when the dials show 1000.1, 
an addition of .2 kilowatt hours or 200 
watt hours. 


On September 5th Diagram 5 reads, 
I111.1 from which subtract previous 
reading 1000.1, showing a use of 
current to equal 111. kilowatt hours. 
Always read the figure the pointer has 
passed, proving same by reference to 
the next dial to the right. An over 
reading or an under reading will not 
be fully corrected on the following 
charge if bills are subject to a sliding 
scale of discounts. 

In taking regular records of meter 
readings, read as blank dial cards 
similar to Fig. 2 should be used as it is 
easily possible to make mistakes by 
taking the values direct in figures. 
A record of this kind may be worked 
out later by one more conversant with 
meter readings. Care should be taken, 
however, to mark each pointer exactly 
where it appears on the dials. A dial 
read from the angle of Fig. 5 would 
appear and might be read as 0919.0, 
but when worked out carefully begin- 
ning at the right-hand dial, would 
prove all dials at zero. 

Watt hour meters on lighting cir- 
cuits are the acme of the “heads I win, 
tails you lose” system of getting all 
that the tariff will stand. 

One 16 c.-p. lamp, burning one 
hour at the normal rated voltage, will 
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give 16 c.-p. equivalent in light for an 
approximate charge of 50 watt hours. 
Suppose for comparison the rated volt- 
age is IIo volts, with a correctly 
rated 110 volt lamp, the voltage drops 
tO -.108*-voltss ‘or actually sire per, 
cent, the candle-power will drop 9 
per cent or to 14.55 c. p., while the 
watts per hour remain about 48, or a 
reduction of less than 4 per _ cent. 
Again a drop of less than 4 volts to 
106.2 will show a reduction in candle- 
power 16°13.2 Gi p."Or 1 77seperaccnt 
with a reduction in the watt hour 
charge of only 6.8 per cent, a charge 
of 46.6 watt hours. 

From the above you will note that 
all reductions in light due to voltage 
fluctuation have a considerable in- 
fluence on the light delivered, but lit- 
tle on the revenue returned percentage 
in watt hours resulting in equal per- 
centage in dollars. Increases in volt- 
age act quite the same way with 
always increased revenue as a pre- 
mium for faulty service. 

A consumer decides that he can af- 
ford to use incandescent lamps to 
light a particular part of his store 
when the lamps are in use possibly six 
hours per day. The estimates are care- 
fully made as to the probable cost, 
based always on the rated voltage of 
the lamps to be installed; 110-volt 
lamps are regularly used, or perhaps 
to8-volt lamps labelled 110. During 
periods off the peak of the load, when 
fewer consumers are using current, 
before 4 p. m. or after 7 p. mi, the 
voltage runs up to 120, only an in- 
crease of II per cent; the watt hours 
charged by the meter, however, will 
be 26% per cent additional. Of course 
it will be explained you get much 
more than 16 c.-p. in light, but for a 
very short time only and this gentle 
roast repeated a few times will leave 
your lamps where the original rated 
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candle-power will be a thing of the 
past, and the lamp salesmen will get 
about 60 per cent more business than 
anticipated. 

The above conditions prevail mostly 
on alternating current circuits, ex- 
cepting on direct current where at 
this time of the year consumers are 
more generally making a demand for 
the capacity of the generators and the 
much talked of “machinery lying idle 
throughout the greater part of the 
year to supply the total demand for 
fifteen minutes during the extreme 
peak on a certain day in December” 
fails to respond, the law of average 
having been too finely shaved down. 
Should a consumer protest, very satis- 
factory explanations are given by the 
company’s representative, who in 
many cases is not conversant with the 
conditions nor capable of making a 
clear statement of fact. A young col- 
lege graduate, whose father has stock 


in the company or desirable political 


connections and ambitions to repre- 
sent a large corporation, quickly as- 
sumes the popular idea of “monopoly 
corporation importance” and_ shoul- 
ders it all himself—the consumer can 
either figure out that he is being 
handsomely treated or he may return 


to gas. “Our service is above com- 
mon criticism.” 
Thousands of consumers during 


these winter months will pay for 
“hot wires” 20 per cent. and 30 per 
cent. below rated candle-power, al- 
most as much as for the light they con- 
tract for and which their company 
agrees to give them, subject to the 
usual contract protection of “unfore- 
seen demands and acts of Providence” 
beyond their control. 

Watt hour meters make this condi- 
tion possible as they constantly add to 
the revenue whichever way the volt- 
age goes. 


THE ILLUMINATING ENGINEER. 








ILLUMINATING 


ENGINEER 











PUBLISHED ON THE TWENTY-FIFTH OF EACH MonTHE 
BY THE 
ILLUMINATING ENGINEERING PUBLISHING Co. 
12 WEST 40TH STREET, NEw YORK. 
CARLE ADDRESS. 


“TILUMINEER, NEw York.” LiEBER’s CopE USED. 





. EDITOR 
. Business MANAGER 


SUBSCRIPTION RATES: 


E. LEeavENwortH ELuiorr, . 
Epcar S. STRUNK, 





In Unirep States, Canapa, Mexico, CuBA AND 
SHANGHAI, $1.00 A YEAR. 


ELSEWHERE IN THE PostaL UNION, $1.50 A YEAR. 








REMOVAL 


This number of THE ILLUMINAT- 
ING ENGINEER is issued from its new 
home, 12 West Fortieth street. This 
removal was necessitated by the de- 
Miands. 101 mich) latger quarters, oc- 
casioned by the growth of business 
connected with our publication. We 
take this opportunity of expressing 
our deep appreciation of the patronage 
and good-will which we have received, 
and which have been extended to us 
beyond our most sanguine expecta- 
tions. With greatly enlarged facili- 
ties, it is our purpose to extend the 
scope and improve the general quality 
of the matter presented, and to spare 
no efforts to make THE ILLUMINAT- 
ING ENGINEER worthy of the very cor- 
dial reception which it has received 
from the public. 

Our present location is very central, 
being within two blocks of the Grand 
Central Station; within a block of the 
new Engineering Societies’ Building, 
and directly across the street from the 
New York Public Library, now near- 
ing completion. A number of the 
newest and finest hotels are also within 
a few blocks. 

We extend a cordial invitation to 
all our friends and patrons to make 
our offices their business headquarters 
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while in this city. Telephone and 
stenographic services will be gladly 
placed at their disposal, as well as 
the usual office conveniences for cor- 
respondence. Come in, and make. 
yourself at home. 


RAISING THE STANDARD OF 
ILLUMINATION 


The meaning of the above expres- 
sion is susceptible of two different 
constructions. It may imply an in- 
crease in the general intensity of il- 
lumination produced, or it may refer 
to a higher standard of quality in the 
results obtained. When taken in this 
latter sense it furnishes in a single 
statement the general purpose and 
aim of illuminating engineering. But 
as we have pointed out before, a 
higher standard of quality in illumin- 
ation does not of necessity signify the 
raising of the intensity of illumination 
with the consequent increase in the 
quantity of light used. The Electrical 
World argues for a general increase 
in illuminating intensity, and main- 
tains that the new high efficiency in- 
candescent lamps, which must sooner 
or later supplant the carbon filament 
lamp now in general use, should be 
manufactured in wattages correspond- 
ing to the wattage of the various 
candle-powers now in use. Thus, the 
lamp corresponding to the present 10 
candle-power size, taking 3 1-2 watts, 
would, in the case of the most efficient 
form of the new lamps, have 56 candle- 


power. The 30 watt lamp, cor- 
responding to the present 8 candle- 
power, would be of 30 candle- 


power, while the lamp corresponding 
to the 32 candle-power would be of 
about 110 candle-power. While 
doubtless many lamps of these high 
candle-powers would be used in place 
of clusters of 16 candle-power lamps 
now installed, it is perfectly plain that 
lamps of the present familiar size, that 
is, of 16 and 8 candle-power, must con- 
tinue to be largely produced to fill 
public demands. There are a vast 
number of cases in which single lamps 
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of these candle-powers have been in- 
stalled and furnished ample light for 
the purposes intended. 

We have previously called attention 
to the incongruity of rating a lamp by 
its wattage. Expressed in plain terms, 
this method is simply a device for 
hoodwinking the public. To the gen- 
eral user “watts,” or “wattage” means 
absolutely nothing, whereas “candle- 


power,” especially “16 candle-pow- 
er,’ is a term well - understood 
trom: lone scontintieds Use. amit say, 


change is to be made in the terms 
used for commercial rating of a 
lamp it should be the substitution 
of “actual, that 1s, -mean) sspnerical 
candle-power, for mean_ horizontal, 
which is now the common practise. 
We believe that it is always best to 
be honest with the public, and that, at 
the present time in particular, the gen- 
eral public is in no mood to condone 
any attempts at sharp practise, es- 
pecially on the part of corporations 
supplying the means of producing arti- 
ficial light. 

The commercial problem involved in 
the substitution of a 1 watt lamp for 
the present 3 1-2 watt lamp-is one 
which rightly gives occasion for much 
serious thought on the part of the 
business managers; but in general 
there is no more reason to believe 
that the ultimate total business of cen- 
tral stations will be reduced thereby 
than for the groundless fear that com- 
monly arises on the introduction of 
any new and revolutionary mechanical 
invention. 

Cheapening electric light will in- 
evitably increase the total amount of 
light used, and will furthermore large- 
ly tend to divert the use of electric 
current into other channels, that are 
now camparatively unimportant; and 
this diversified use, it is needless to 
say, offers a larger measure of profit 
to the central station than the same 
total amount used for a single purpose 
such as lighting. 

Our contemporary “is not at all in 
sympathy with the idea that the amount 
of artificial illumination common to- 
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day is too. great,” and thinks “we 
have a long distance to go yet in most 
artificial lighting installations before 
we arrive at a foot-candle illumination 
equal to that produced by daylight in 
rooms well provided with windows. 
Until we get up to that point there is 
no cause for worry as to excessive 1l- 
lumination.”’ The idea that artificial 
lighting rarely, if ever, comes up to 
daylight illumination under favorable 
conditions, is not well founded. Dr. 
Louis Bell found the intensities of 
daylight illumination, “on.a bright but 
not sunny day, at a time early in the 
afternoon,” to be as follows: 


Facing a south window...... 6 ft. candles 
Facing an east window...7 2+ 2.2 ft. candles 
Facing a north? wallies. ee 7 ft. candles 
10 feet from south window on 


a. misty April: day,s5 p. .m.« 05 st candles 


He further states that “on a clear 
day the diffused illumination near a 
window, while the sun is still high, 
will generally range from 5 to 10 ft.- 
candles, while in cases where there are 
exceptionally favorable conditions for 
brilliant illumination it may rise to 
twice, or even four times the amount 
just stated.” 


By reference to the articles giving 
the intensity of artificial illumination 
from actual measurement, which 
have appeared in previous issues, 
it will be seen that both the maximum 
and minimum average values of il- 
lumination exceed those given by Dr. 
Bell for daylight, except in a very un- 
usual condition. It thus appears that 
in cases that are at present considered 
well illuminated the intensity of illu- 
mination exceeds that of the average 
daylight illumination. 


The enormous difference in quality 
between electric light, or any other of 
the present forms of artificial light, and 
diffused daylight, should not be lost 
sight of. The most important single 
quality of light, so far as its hygienic 
effect is concerned, is diffusion ; and in 
this respect there is simply no com- 
parison between the best efforts at 
artificial illumination, even by the so- 
called “indirect” method, and the dif- 
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fusion of daylight. The more intense 
the illumination the stronger the glare. 
To sit within three or four feet of a 
cluster of lamps, under an efficient re- 
flector, with an’ illumination on the 
page of 12 or 15 foot-candles—condi- 
tions actually existing in a case recent- 
ly observed—is an outrage upon the 
eyes, as well as upon common sense, 
which requires “no fine spun theories 
of illuminating engineering” to dem- 
onstrate. We still maintain that ex- 
cessive illumination, with the almost 
invariable, if not necessary accompany- 
ing glare, is quite as much in evidence 
at the present time as insufficient inten- 
sity. Such cases, however, are very 
largely confined to spaces or rooms to 
which the general public have access. 
In private offices, work rooms, and 
other places which the public do not 
see, but where the exactions of labor 
require the most careful consideration 
of the eyes of the operator, insufficient 
illumination is only too frequently to 
be met with. In this class of cases 
the cry for an increase in the standard 
of illumination is quite justified. In 
general it may be said that both maxi- 
mum and minimum degrees of inten- 
sity are often exceeded, and it is one of 
the provinces of the illuminating en- 
gineer to correct both of these abuses. 





COST OF PROPER MAINIENANCE 
AS AN ITEM IN DETERMINING 
THE GENERAL EFFICIENCY OF 
ILLUMINATING SYSTEMS 


The excessive waste of light by rea- 
son of poorly designed fixtures, crude 
devices for producing diffusion, and 
injudicious distribution of the lighting 
units, has naturally been the first, as it 
is the most serious, abuse to receive at- 
tention from illuminating engineers. 
Naturally much has been said and 
done in the matter of proper distribu- 
tion of light, the determination of the 
various intensities requisite for differ- 
ent purposes, the most economical 
means of securing diffusion, and the 
necessity of co-ordinating the artistic 
and practical elements of the problem ; 
but the various matters relating to the 
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maintenance of illuminating systems 
has received much less attention. In 
hguring the efficiency of a given il- 
luminating installation the quantity of 
electric current or gas consumed may 
be very readily determined; and the 
total quantity of light produced, as 
well as the intensity of illumination on 
any assumed surface, may also be pre- 
determined within comparatively small 
limits of error. Theoretical efficiency 
is, therefore, very easily determined. 
There are two other factors in the 
case, however, which, if not of equal 
importance, at least demand careful at- 
tention in the general solution of any 
illuminating problem. These are: 
first, what may be called the cost of 
mechanical maintenance, that is, the 
expense of keeping the apparatus in 
good running order; and second, the 
reduction in illumination due to deteri- 
oration of apparatus by use. An im- 
portant item in connection with both 
of these factors is the question of dust. 
It is one of the anomalies of illumin- 
ation, that a merchant will have his 
windows carefully cleaned every morn- 
ing, and leave the globes and shades 
used with his artificial lght un- 
touched {On a, yeat ata time. This 
comparison is no mere literary exag- 
geration, but an actual fact that has 
come within our own observation. We 
have known of cases where thoroughly 
good globes have been taken down and 
thrown away, and replaced with much 
less efficient glassware, for the simple 
reason that they had become so thick- 
ly coated with smoke and dust as to 
become semi-opaque: the simple oper- 
ation of washing with soap and water 
would have restored the globes to their 
original efficiency and beauty. There 
is even a popular notion that glass 
does not hold its original brilliancy of 
surface in use—a notion, however, 
which is applied only to glassware 
used for lighting purposes; tableware 
being, by reason of its use, kept 
reasonably clean, is not included. As 
a matter of fact, the surface of glass 
is probably the most permanent in its 
nature of any substance made by man, 
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and the easiest cleaned. When the 
value of prism glass for increasing 
daylight illumination was being com- 
mercially demonstrated by the Luxfer 
Prism Co., in Chicago, they found it 
profitable, if not absolutely necessary, 
to employ at their own expense clean- 
ers to see that the installations which 
they put in were kept reasonably free 
from the natural accumulation of 
erime, as they could not depend upon 
the glass, after being installed, receiv- 
ing the attention that had been pre- 
viously given to the plain glass win- 
dows which it replaced. 


The mechanical construction of fix- 
tures and apparatus so as to render 
the removal of the glassware for clean- 
ing purposes as simple and easy as 
possible, is a matter which should have 
the careful consideration of illumina- 
ting engineers. This is a matter that is 
generally entirely overlooked by the 
fixture manufacturer. In many cases 
fixtures are sent out and _ installed 
which are so complicated in their con- 
struction as to require an engineer to 
get at the glassware for cleaning or 
to replace electric lamps that have 
burned out. 


The accumulation of dust on an 
incandescent lamp bulb may readily re- 
duce the light 20% to 30%, and yet it 
‘is by no means an uncommon practice 
to allow lamps to burn their entire life 
without being once cleaned. The il- 
luminating engineer should therefore 
make it a point to see that apparatus is 
so constructed as to enable it to be 
cleaned, and the necessary renewals of 
parts made, with the least possible 
trouble and expense; and furthermore, 
that the construction is such that the 


accumulation of dust will have a mini- ' 


mum effect upon the resulting illumin- 
ation. He should then impress upon his 
clients the actual saving in dollars and 
cents, as well as the great improve- 
ment in appearance, that can be se- 
cured by having all apparatus kept 
clean and in good working order. In 
many installations of even moderate 
size it would be profitable to employ a 
special attendant for this purpose; and 
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in all cases it should be the special duty 
of some employee to see that the light- 
ing apparatus is in good condition. 


In case electric lamps are used the 
question of renewals is one of im- 
portance, and to which considerable at- 
tention has been given; but, generally 
speaking, only with regard to the de- 
terioration incident to the nature of. 
the lamp. Aside from this natural de- 
terioration, however, there are a num- 
ber of conditions which may strongly 
affect its economical life. It has been 
clearly shown that anything which 
confines the heat of a lamp shortens 
its life. Frosting or etching the lamp 
reduces its life 40%, as shown by 
careful tests. The bunching of a num- 
ber of lamps close together within a 
globe or bowl of semi-transparent 
glass will also produce similar results. 


Another general rule to be observed 
in connection with an incandescent 
electric lamp is to avoid wherever 
possible unusual forms of bulb, or any 
methods of construction, which add to 
its cost. A lamp is of necessity a 
perishable article, and the simplest 
principles of economy therefore dic- 
tate that nothing should be added to 
it by way of expense than can be ac- 
complished by any other means. All 
methods of special shaping and silver- 
ing of the bulb so as to utilize it as a 
reflector. are, therefore “illosical cas 
they add greatly to the original cost 
of the lamp, and must be thrown away 
when the filament has outlived its use- 
fulness. The construction of long tub- 
ular lamps having a filament running 
from end to end is indefensible for the 
same reason, with some possible ex- 
ceptions, which would be rare, where 
it is important to place light sources in 
a concealed position to occupy the least 
possible space. For all ordinary pur- 
poses of illumination the regular com- 
mercial lamp is easier to handle, and 
practically any desired distribution and 
diffusion can be obtained by use of 
simple accessories that may be obtained 
“from stock.” It is not a difficult mat-. 
ter to get up many clever and original 
devices for securing given results; but 
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the fact that they are in themselves 

~ “clever,” or ingenious, while it may 
give them value as museum specimens, 
does not compensate in a practical way 
for the added expense in original cost 
and in maintenance. 

In the field of gas lighting slovenly 
methods in maintaining the apparatus 
are equally injurious. A punctured 
mantle often means a broken chimney, 
and in any case a serious reduction in 
the light produced for the gas burned. 
The fact also that a mantle falls off 
in efficiency by use is even more fre- 
quently overlooked, from the fact that 
there. is no warning given by a black- 
ened bulb, as in the case of the elec- 
tic lamp. [he difference in the life 
of various makes of mantles is also a 
matter upon which there is practically 
no general definite information. Rela- 
tive life of chimneys of different forms 
and quality of glass is another import- 
ant item of maintenance upon which 
accurate data is equally wanting. The 
use of glass chimneys that have be- 
come only semi-transparent by action 
of the hot gases upon the glass, and 
of mica chimneys that have similarly 
deteriorated, are examples of the re- 
duction in general efficiency that 
occur from neglect of proper care. 
The expense involved in keeping 
chimneys clean, and renewing the 
mantles sufficiently often to keep them 
up to a reasonably close approxima- 
tion to their highest efficiency, are 
items which must be counted into the 
general expense of the illuminating 
system. 

The whole subject of the relative 
life-endurance and efficiency of incan- 
descent gas mantles under the vary- 
ing conditions in which they must be 
used is one upon which there is com- 
paratively little authentic information, 
and yet the item of mantle renewals 
in incandescent gas lighting is cer- 
tainly comparable. with the cera of 
lamps with the incandescent electric 
light. The need of some systematic 


839 


method of determining these qualities 
in a mantle, and of commercially stat- 
ing the results, has been pointed out in 
the foreign technical press, and some 
attempts been made to supply the need ; 
in this country Mr. Lansingh has dis- 
cussed the matter somewhat in a re- 
cent paper before the gas institute. 
In comparing the efficiency of incan- 
descent gas light with flame light, or 
with electricity, this question of mantle 
renewals is very often lost sight of. In 
a case of large installations it would 
be well worth while for the individual 
user to have life and efficiency tests 
made of the various brands of mantles 
before purchasing. 

The relative life of chimneys of var- 
ious makes and shapes is a matter 
about which still less is known, and is 
worth careful consideration, as there 
is probably no other accessory used in 
the production of light that is a more 
uncertain quality. 

On the whole, the lack of judg- 
ment and knowledge which are so fre- 
quently displayed, and have been so 
often commented upon, in the selection 
of illuminating apparatus, are fully 
equaled by the general carelessness 
displayed in maintaining the installa- 
tion in use. 


—_————— 


STANDARD SYMBOLS FOR WIRING 
PLANS 


We give on another page a repro- 
duction of the chart containing the 
symbols recently adopted by the Na- 
tional Electric Contractors’ Associa- 
tion for use in wiring plans and speci- 
fications. It would seem that such a 
set of symbols should be of the great- 
est possible advantage to electrical 
contractors; and as illuminating en- 
gineers must of necessity be able to 
read such specifications intelligently, 
we have reproduced the chart so as to 
afford an opportunity of becoming fa- 
miliar with it. 
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| Correspondence 


FROM OUR LONDON CORRES- 
PONDENT 


The question of high grade or low 
grade gas has for some time past 
occupied the serious attention of gas 
makers on this side. Sir George 
Livesey has been a persistent upholder 
of gas of low candle-power, and the 
universal use of incandescent gas 
burners. But there are not wanting 
those who pin their faith to high grade 
gas and one of the most continuous 
and ardent supporters has been Mr. 
Edward Allen, M. Inst. C. E., engin- 
eer of the Liverpool Gas Works; from 
that works gas of 20 candle-power has 
been and is supplied. The statutory 
obligations of the Gas Co. provides 
that the standard of illuminating power 
be such as to produce from a bat’s- 
wing or fish-tail burner, consuming 5 
cubic feet of gas per hour, a light equal 
in intensity to the light produced by not 
less than 20 sperm candles, of six to 
the pound, each burning 120 grains 
per hour. These conditions are readily 
maintained, and under no circum- 
stances is the illuminating power to 
fall below the standard. Perhaps in 
no city in Great Britain is the gas 
supplied more closely tested than in 
Liverpool. 

To maintain so high an illuminating 
standard the cost of the material re- 
quired is considerable and makes the 
price comparatively high. At present 
the cost of Cannel coal is low and oil 
for carburetted water gas is at a fair 
average price, so that the enriching of 
the gas up to a standard of 20 candlés 
is not now so costly as it would be did 
high prices rule. It has been stated 
that the cost of each candle above 16 
candles was about Id. (2c.), but at 
Liverpool the extra cost per candle 
would not probably exceed half a 
penny, or one cent. 

Mr. Allen has just contributed an 
admirable paper to the proceedings of 
the Manchester District Institution of 
Gas Engineers upon the method which 


he adopts with his 20 candle gas and 
gives interesting particulars, which we 
will refer to. 

As to the question of gas for flat 
flame burners he says: “For many 
years 20 candle gas has been supplied, 
and it was deemed unwise to furnish 
a lower quality than 16 candles for a 
flat flame burner. Experiments were 
made with both qualities of gas as a 
source of light. It is evident that 20 
candle gas at 2s. 6d. ($0.60) is cheaper 
than 16 candle gas at 2s. 4d. ($0.54) 
per 1000 feet thus :— 


Cost oF Licgut IN A UPuAI Greate 


BURNER. 
Illuminating Price per Cost per Candle 
Power. LOCO. Ce it per To00e) Crit 


20 candles 
16 candles 


2s 6d ($0.60) 


150d 4 Sauseciss) 
2s 4d ($0.54) 


1.750 (3:50. ctss) 


The 20 candle gas contained a mix- 
ture of carburetted water gas, vary- 
ing from 34 to 40 per cent., and the 
16 candle gas 50 per cent. of water 
gas. The tests were made with a 
Sugg’s flat-flame burner No. 7, with 
steatite bat-wing, and a consumption 
rate of 5 cubit feet per hour. The 
incandescent burner was a Welsbach 
“C,” rated to 3 cubit feet per hour. 
The air supply was regulated to give 
the) best results in “each | case - asma 
matter of fact the air required by 16 
candle gas was, Mr. Allen tells us, 
almost the same as for the 20 candle 
mixture. 

The average results of the experi- 
ments are shown in the following 
table: 


20 16 
Candle Candle Difference 
Burner gas gas Act’l % 
No. 7 Bat wing 20.61 16.47 4.14 20.09 


Welsbach “C” 74.70.03 SAy ii i6 eto 


Cost oF LiGHT To THE CoNSUMER. 


Cost 
Welsbach Illumi- Price per candle 
yi nating per 1000 per 1000 
Burner Power ati Cait 
20 Candles 74.70 30 pence 0.416 pence 
16 Candles 63.54 28 pence 0.440 pence 
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These tables show that a reduction 
in illuminating power would be detri- 
mental to the interests of the con- 
sumer whether the gas was used in a 
flat-flame or incandescent burner. 

Mr. Allen concluded his paper by 
giving the results of many tests with 
varying qualities of gas, the results of 
which are graphically described in the 
two diagrams. 

Mr. Allen calls attention to the 
beautiful flat-flame illumination given 
by Liverpool gas, and says: “It is not 
only the photometric value of the 
light, but the color and tone of the 
flame—like a disc of burnished gold— 
that commands admiration.” He tells 
us that “notwithstanding the fact that 
for the same consumption of gas six 
times more light may be secured by 
an incandescent burner, there are not 
wanting those in the city who still re- 
fuse to substitute the old for the new 
light. They prefer the rays of light 
which resemble the golden sunshine to 
those which emulate the cold, silver 
sheen of the distant moon.” 


There are, in this, the “old country,” 
new societies being started every day, 
one of which that has a good outlook 
is known as the Association of En- 
gineers-in-Charge; the members are 
practical or working engineers, who 
control the engineering departments of 
large works, look after the power 
plant, pumps, lifts, lighting stations, 
and machinery of various domestic or 
other plants. At the most recent meet- 
ing Mr. James Swinburne, F. R. S., 
M. Inst., C. S., delivered a lecture on 
“Indoor Illumination,’ from which 
many of us thought to learn much; 
but if we did not come empty away 
we at least had not to complain of be- 
ing surfeited with “new bread,” the 
very little that fell on the waters was 
certainly stale if not unprofitable. 


The Professor, in complimenting 
members of the Association on their 
temerity in banding themselves to- 
Seuiemecaidie lids quite. worth the 
while of the man who has to look after 
the lighting of a big building to be- 
come a specialist to some extent in 
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illumination. Some day we may have 
Illuminating Engineers, who are not 
Supply Electricians, or Gas Engineers, 
but concern themselves with the ap- 
plications of electrical power, gas, 
petroleum, and acetylene to lighting, 
dealing with each on its merit without 
partiality.” Quite so, my dear Pro- 
fessor; but a careful perusal of the 
paper will show that even so gifted a 
savant at times finds it difficult to 
avoid partiality. 

But to return to the lecture, we quite 
endorse the statement that, at present, 
the question of illumination is left 
generally to architects, house decora- 
tors, and chance; chance having by far 
the most to say in the matter. 

The color of artificial light is a vexed 
point, as we have already in an earlier 
note shown. The generally accepted 
opinion is that yellow best suits the eye, 
but Mr. Swinburne considers that 
yellow is not a good color and that 
artificial light should be “as near sun- 
lolbwedsmite teaches= the) catths. as 
possible.” 

Upon general lighting we note the 
opinion expressed that the really im- 
portant point is to arrange the lamps 
so that they will not tire the retina. 
It is not good, the lecturer said, hav- 
ing 10,000 candle-power in a large 
room, if you can really see better with 
1000 properly arranged. The ques- 
tion of the color of walls and hangings 
is a matter of importance. The fol- 
lowing short statement, if it be not 
new, is certainly true: “Suppose a 
large room has a number of small 
lamps distributed in it it, and suppose 
the walls are quite black; anything in 
the room is lighted by the lamps 
directly, and gets no light from the 
walls. Now suppose the walls are re- 
papered so as to have a surface which 
only absorbs half the light that falls 
on them; this will help the lamps to 
such an extent that they will give twice 
the illumination.” 

Mr. Swinburne would not commit 
himself on the question of compara- 
tive results of varying illuminants, 
and trotted out Claypole’s table, which 
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gives graphic information; but again 
it may be true, but it distinctly is not 
new. 


Mr. Swinburne held the balance 
fairly well between gas and _ elec- 
tricity. For the former he had a word 
to say about the sulphur dioxide 
bogey, and the destruction of book 
bindings caused by the use of gas in 
libraries. He condemned the filament 
electric glow lamps, saying that it ap- 
pears to be doomed, as the metal wire 
lamps seem bound to push it out of 
existence as soon as they can be made 
in large enough quantities, and what 
is more important, as soon as the pub- 
lic get into the habit of asking for 
them. 


Not a word was told the Engineers- 
in-Charge about self-intensified gas, 
high-power burners, inverted and 
angle incandescent burners—the value 
of the many mantles on the market, the 
necessity for careful regulation of gas 
supply and the enormous economy to 
be gained thereby. No mention was 
made of the sizes of pipes for a given 
number of lights or the rate of flow of 
gas through pipes at a given pressure, 
all points upon which instruction is 
much needed. 


- One of the great needs of the gas 
consumer has been, for years past, to 
have some means of switching on the 
gas and lighting the same without the 
use of matchers or tapers. To a cer- 
tain extent this has been accomplished 
by means of the bye-pass and pilot 
light attached to each separate burner 
and operated on each fitting ; but such 
a method does not approximate to the 
convenience and economy of the switch 
as used for electric lighting. Efforts 
have been made with pneumatic gas 
lighters, but with such systems a sec- 
ond communication has to be estab- 
lished, and so the installing of the 
pneumatic lighter is expensive and 
liable to be easily thrown out of gear. 
There is a prospect of their being 
largely superseded by a fitting known 
as the Norwich Tumbler Switch, the 
joint invention of Mr. Thos. Glaver, 
engineer of the City of Norwich Gas 
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FIG. I. 


Undertaking, and Mr. George Hands, 
of 71 Farrington Road, London, E. C., 
whose firms are handling the switch 
commercially. 

The illustration, Fig. 1, shows a 


section of the two rooms and the meth- 


od adopted in fitting up the switch. It 
is fixed on to the ordinary supply pipe 
of the fitting or fittings it is to control ; 
it is constructed with a two-way pass- 
age, the arc supplying sufficient 
gas for a pilot light regulated by an 
automatic valve, attached to the burner 
or burners. The pilot is kept alight, 
but the raising of the tumbler opens 
the second, or large gas way, and the 
burner or burners are instantly lighted 
whether the distance be five yards or 
a thousand; and so long as they are 
from one “drop,” or supply pipe, any 
number of pendants or brackets may 
be switched on or off at the same time. 
The general construction of the switch 
is shown below. 
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In order to provide for varying pres- 
sures which would affect the supply to 
the_pilot light the bye-pass passage in 
the switch has an adjusting screw so 
that a slight turn will increase or de- 
crease the supply as desired. The 
switch is covered with a brass or cop- 
per mount, the tumbler being similar 
in shape and action to those generally 
used for electric lighting. It is con- 
venient that they be fitted just inside 
the door; the supply pipes may be 
chased into the walls or cased, accord- 
ing to individual requirements. 


The use of the Norwich Switch will 
be greatly appreciated and induce to 
much economy where gas lighting is 
intermittent, as in offices, work-shops, 
shops, and showrooms. In_ hotels 
they will be of special value, as labor 
is saved, and the consumption of gas 
greatly reduced, because when rooms 
are out of use an infinitesimal quan- 
tity of gas is consumed. 


In connection with the incandescent 
mantle, and particularly in the invert- 
ed form, these tumbler switches will, 
we are sure, become in a very short 
time universal, there being no risk of 
broken mantles through careless light- 
ing. The patent rights for America 
have been secured, and we hear that 
a syndicate has been formed to exploit 
the switch in the United States. 

It will, we are sure, interest Illumin- 
ating Engineers, and others in Ameri- 
ca, to know that as an outcome of the 
Gas Exhibition held in London in 
1905, a society of principals of firms 
interested in the commercial side of 
gas engineering, manufacture, and dis- 


tribution, has been formed under the 


title of the British Society of Gas In- 
dustries. The society includes the 
manufacturers of all gas lighting ap- 
pliances, and promises to be a large 
and influential body. The first presi- 
dent is Mr. Dugald Clerk, M. Inst. C. 
Eee h G S whois world-known as 
an inventor of gas engines, a yolumin- 
ous writer, and a man of high scien- 
tific attainments. In the course of a 
very few remarks at the inaugural 
meeting, held last month, he said :— 
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“They were met together not so much 
as scientific men and engineers as busi- 
ness men with business objects. Their 
business objects were of the most 
legitimate kind; they all felt the ne- 
cessity of co-operation in business, in 
order to organize to some extent cer- 
tain parts of their industry. He be- 
lieved in free trade, and a recent visit 
to America had given him a wholesome 
fear of trusts. The society was no 
ring or trust. Their objects were part- 
ly technical, partly scientific, and, he 
might add, mainly business.”’ A paper 
was read on “The uses to which gas 
has been, and can be put, with advan- 
tage to the public and manufacturers,” 
by Walter W. Thomas, a gentleman 
having a large practise as an architect 
in Liverpool. To a certain extent the 
paper was historical, dealing with the 
advances made in the last quarter of a 
century and coming down to the pres- 
ent time. Mr. Thomas said much about 
cheap gas, the folly of the municipal 
authorities, who extensively own 
gas works on this side, maintaining a 
high price for gas in order to show 
large profits and to allocate them for 
the reduction of rates; we should rath- 
er say to the paying for extravagant 
and unnecessary so-called “improve- 
ments” and the bolstering up of mu- 
nicipal industries, that are being car- 
fied onvat-acheavy: loss, Mr. Thomas 
pointed out that the heyday of pros- 
perity for gas undertakings would be 
reached when all solid coal fires were 
abolished, and when the atmosphere of 
such a city as Manchester would be 
salubrious, free from fog, because free 
from soot, even in the middle of Nov- 
ember. Perhaps his views are 
Utopian, still the growing use of the 
gas fire must materially reduce the 
smoke nuisance and so possibly lessen 
the sulphurous fog which, in the winter 
time, hang's like a pall over so many of 
our large cities. 

The president in some subsequent re- 
marks upon the subject of gas illumin- 
ation said:—“‘The amount of light ob- 
tained by some of the later forms of 
incandescent gas lamps, with slight re- 
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generation, rose as high as 30 candles 
per cubic foot of gas burned; with the 
ordinary Welsbach burner 20 candles 
per cubit foot was about the average 
duty. So that not only was the gas 
consumed reduced by say, 30 per cent., 
but the amount of light was increased 
enormously. The public has been edu- 
cated to require more and more light, 
a very important point, apart from 
cost, and one too often overlooked in 
this: For a given cubical capacity 
room they had a certain amount ot 
oxygen, this oxygen was burned up far 
too freely when the flat-flame burner 
was in use, the room or rooms were 
quickly heated and the atmosphere 
vitiated by the products of combus- 
tion; but in using the incandescent 
light such a small quantity of gas was 
burned, that the carbonic acid in a 
room did not rise appreciably ; so look- 
ing at the matter from that point of 
view, rooms did not need the amount 
of ventilation that was imperative 
when the older system of illumination 
obtained, Mr. T. G. Marsh, the pion- 
eer of the automatic prepayment meter, 
remarked that the amount of gas that 
should be sold for heating should be 
certainly three times as much as was 
sold for lighting; he concluded his re- 
marks by saying, that what was want- 
ed were progressive administrators in 
the gas industry to work with pro- 
eressive engineers; and then the gas 
industry would be more successful 
than it ever has been. Mr. Marsh has 
gained much popularity by two of his 
most recent inventions, the rotary 
meter, and the discount meter; these 
are being operated and we believe ex- 
tensively adopted in America, a com- 
pany having been formed for the pur- 
pose of handling both meters. 

It may interest readers of THE IL- 
LUMINATING ENGINEER, who are elec- 
tric lighting engineers, to know that 
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the consulting electrical engineer to 
the Borough of Marylebone (and of 
the municipal divisions of greater 
London) Mr. A. Wright, received as 
commission on the capitol expenditure 
the sum of £19,595, 9s. 7d. ($94.958.- 
30), in accordance with his agreement 
with the Borough Council. 

There is every reason to believe that 
with us the inverted burners will be 
extensively used for lighting churches 
and public buildings. It will be re- 
membered that some time back we 
noticed the “Bland” light; this burner 
has been adopted in several churches. 
We have before us, at the moment of 
writing, an excellent photograph of the 
interior of the Parish Church at Ross, 
in Herefordshire, taken by the light of 
the Bland’ burners which have been 
installed in that church. One full 
sized inverted burner, if properly regu- 
lated, will give the light of at least 
five flat-flame burners with the saving 
of quite 25 cubic feet of gas per hour. 

It is to be remembered that we gave 
some details, in an early number, of 
the illumination of certain streets in 
the city of London by means of high 
pressure incandescent gas lamps. A 
report has been presented by the 
Streets: ‘Committes ston thes Courter 
Common Council. From this report 
we note that the saving in the annual 
bill for. lighting the area, due :to the 
substitution of gas for electricity, has 
Pees £400. \IOs. 2d. .( $2,354 AO wm OG 
£L1Q. 7S-- 1007 (55720) simOrentian 
was estimated; the saving on the esti- 
mated cost of installation has been 
£194. 1s. 4d. ($931.52). Considerable 
extensions will shortly be made and the 
high pressure incandescent gas lamps 
will be very generally adopted in the 
city of London. 


Cuas. W. HastIncs. 
[ Editor Gas Engineers’ Magazine. | 
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FROM OUR READERS 


Epitor, THe ILLuMINaATING En- 
GINEER. , 


Sir :—The preceding part of my let- 
ter has not, with a word, touched on 
the now by all knowing—and not ad- 
versely -interested-ones—a d mitted 
meritorious qualities of the Cazin- 
Lamps No. 1, and No. 2 [with metal- 
lized (in fact) metal-filaments, without 
or with oxidized filament-surfaces | 
nor on the accessories of the lamps. 

The three illustrations of the Cazin 
Lamps (No. 1 and No. 2) viz: with- 
out or with oxidized filament-surface, 
as shown on page 747 of the Novem- 
ber issue of THE ILLUMINATING EN- 
GINEER, will cause experts to inquire: 

I. What guarantee is there, that 
the hermetical glass seal will not make 
the makers of Cazin Lamps depend- 
ents as well as the makers of the ob- 
solete carbon-filament lamps? 

2. Has special provision been made 


for successfully and hermetically join- — 


ing the extra large circles of base and 
bulb edges a 

In the matter of Inquiry 1 the facts 
here below stated will show, that my 
licensees will be dependent on nobody 
in the matter of hermetical glass-seal- 
ing. 

Patent No. 621,292 issued to me on 
Diatclisi4oekSOO...0n, -an- application 
made on October 15, 1897 contains on 
page 2 lines 49 to 53 the following: 

“In sealing the wires I preferably make 
use of powdered glass as a_ soldering 
material, causing the closed tube-end and 
the glass powder to fuse around the wires.” 

The original of this application con- 
tained the following formulated claim, 
namely : 

6. “The process of manufacturing an all- 
glass polecontact-providing base-part of an 
electric incandescent vacuum lamp, which 
consists in fusing the inleading wires first 
into one end of a glass-tube by means of 
glass-powder being fused around the in- 
leading wires and to one end of the tube, 
and in second fusing the preserved cylindri- 
cal part in proximity to the sealed part 
into a circular opening of the main base- 
part, as and for the purpose set forth.” 

When the examiner had ascertained, that 
no anticipating reference against my 


re) 


hermetical sealing of inleading wires by 
means of fusing glass-powder could be 
cited, he demanded under April 12, 1898 
that this claim, of which he stated, that it 
was “drawn to cover a process of fusing 
leading-in wires” be divided from the main 
claims of the case, which “cover a pro- 
cess of preparing filaments and the article 
produced by the process, and the con- 
struction of incandescent electric lamps.” 

To avoid useless further argument 
on a claim, which under the rules had 
to be and had been demanded to be 
divided out, the claim was begun, di- 
vided out and inserted into another 
application, which is yet pending at 
this date. This gives all lamp-makers 
the liberty of using this method of 
hermetical sealing without squeezing 
the tube, thus making dependents in- 
dependent, and independents unmo- 
lested by third parties. 


All drawings to the many lamp 
patents issued to me thereafter bear 
evidence of the use of pulverized 
glass in hermetical wire-sealing. 


There is no absolute necessity of 
using wider bulk necks with the 
Cazin-metallized metal filaments, if 
these filaments take the form, as it is 
shown in the frontispiece to the Cazin 
book, the Twentieth Century Electric 
light. But not withstanding this sim- 
ple U-form is not the one closest 
adapted to optical requirements. The 
bulbs may then have so narrow necks 
that the glass work may be done in 
the present trade method. 

The wider necks are desirable be- 
cause with them there will be no 
squeezing of loops in the Cazin-fila- 
ment, when the filaments are in- 
serted into the bulb. The very fact, 
that the Cazin metallized metal-fila- 
ment are stiff enough to carry their 
own weight with even much less vi- 
bration than the carbon-filament does, 
is the cause, that, when squeezed 
through a narrow neck, they may be 
kinked in the apex of the loop. And 
though such kink may remain invisi- 
ble, it produced a differentially weaker 
point in the filament, which will suc- 
cumb first and shorten the life of the 
lamp. 
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The glass-soldering applying to ex- 
tra large necks mainly is the subject 
matter of four applications (covering 
method and apparatus), on three of 
which patents have been issued, 
namely No. 770,221, 762,263 and 
770,222 and the fourth of which has 
been allowed and will be issued in less 
than six months, covering fully 
method, apparatus and product. 

The same apparatus serves for tak- 
ing the glass-soldered parts of the 
lamp apart, when the filament is to be 
renewed. This is proviucu for by the 
temperature of fusion of the glass 
solder being made much lower than 
that of the glass parts themselves, 
which has the effect that, when the 
joints are uniformly heated by the 
apparatus, the parts can easily be 
drawn apart. The solder glass is 
colored to indicate its presence in the 
joints. 

It should be well understood, that 


my present statement relates exclu- , 


sively to the Cazin Lamps No. 1 and 
No. 2 such as illustrated on page 747 
of the November issue of Tue IL- 
LUMINATING ENGINEER, and does not 
relate to the Cazin Lamp No. 3 such 
as illustrated on page 746 of the same. 
This No. 3 is not as well adapted for 
domestic: lighting or low candle-power 
as. No. and 2)  Wletatlized metal 
filaments, without or with oxidized 
surfaces, are destined to take its place 
in public localities and streets. 

The following fact about the Cazin 
Lamp No. 1, now ready to enter the 
public market, may therefore he posi- 
tively stated, namely: 

1. The Metallized Metallic Filament 
of the Cazin Lamp supports and car- 
ries its own weight and does not re- 
quire, as all the purely metallic fila- 
ments (Usmium, Tantalum or Tung- 
sten) do, a special non-conducting 
supporting element as part of the 
luminant structure. (It may here be 
also stated, that by an application of 
October 2, 1899 Cazin secured protec- 
tion for such a support for the even- 
tualitv, that he might elect to make 
use of purely metallic filaments of the 
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class of metals, as protected by his 
patent privileges. ) 

And the Cazin metallized metal fila- 
ment is fit for regular use in all pres- 
ent bulb lamp equipments and under 
prevailing conditions of publicity 
available electric currents, and fits 
with the bases of the lamps containing 
them into existing sockets of all kinds, 
and does not require, as the Osmium 
and Tungsten lamps do, the mounting 
of a special adapter, of material cost 
and inconveniece, to use a plurality of 
lamps on one socket. 

2. The light produced by the Cazin 
lamps is brilliant white, but without 
offending the human eye by sparkling 
or emitting visible single rays. 

3. The wattage of the Cazin Lamp 
No: P18" warranted. to be sdurinomitc 
entire life of not less than 500 hours, 
below 2 watts per candle power, but is 
in fact on an average 1.75 watts per 
candle power, and will remain so for 
over 500 hours, unless damaged by 
touch of hand—all unnecessary handl- 
ing by taking hold of the filament it- 
self should therefore be avoided and 
becomes avoidable by their being 
mounted on a visible glass interior 
and being platted. 

4. The average life of the Cazin 
filament is 500 hours, but they are 
known to+remain in normal service up 
to several thousand hours, the length 
of life essentially depending on this, 
that during bulb evacuation the cur- 
rent tension is regulated according to 
my instruction, and producing the 
carbonization of the metal in the fila- 
ment, by mutual inter-impregnation 
(protected by patent) of metal and 
carbon, the surface, being meanwhile 
protected against excessive oxygena- 
tion by the presence on the surface of 
rare metals. 

Were it not that hundreds of years 
of experience in all civilized countries 
on the face of the earth have estab- 
lished the fact, that the use of all com- 
mon utilities, to which light producers 
undisputedly belong, increases and ex- 
pands at a proportionate rate and in 
excess thereof, as such utility is of- 
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fered in more adequate condition and 
at lower proportionate prices, central 
stations might oppose the introduction 
of the Cazin lamp, as so many funda- 
mentally progressive improvements 
have been opposed by selfish, blind 
and mistaken interests. 

As it is, they may, without increas- 
ing their plant, furnish double the 
light, with the current now by them 
produced and sold. And all expert- 
ence indicates, they soon will find their 
business expand to all, that they can 
supply and to more than that. 

The public demand for illumination 
has increased during my lifetime from 
the street oil lantern to the electric 
light—a few years more will see it 
advanced from the color-spoiling car- 
bon-filament to the color-preserving, 
metallized (in fact) filament. 

To you, Mr. Editor, who is well 
posted as to the facts of the case, it 
must have caused the sensation, that is 
called fun, to place in your issue for 
November, as a kind of preface to my 
letter, the statement of Dr. Louis Bell, 
when speaking of the “remarkable 
progress in methods of producing 
iebty particularly: fron the electric 
current” in the (London) Electrician, 
to the effect that “practically all of the 
research work which has resulted in 
these improvements, has been done by 
Europeans.” There is a spark of 
truth in that as you know, since I am 
of French descent and a born Ger- 
man, but I did my research work in 
the matter of my improved electric in- 
candescent lamps of three different 
classes as the American that I am and 
have been for the last forty years. 

The priority question in the prem- 
ises is thus made an_ international 
question, between Welsbach, Siemans, 
Kuzel, Just, Haneman and other fol- 
lowers of Welsbach on the one hand 
and your obedient Cazin on the other. 

With Welsbach, who has never been 
heard or seen in the proceedings, 
conducted by the Welsbach Light 
Company of Gloucester City, N. J., as 
his alleged assignees, the fight has 
been on as to such priority. And the 
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history of that fight in the form of 
interference proceedings No. 24,614 is 
well told in the testimony, taken in the 
case on my side and supported by 
documentary proofs, no testimony on 
the other side ever being presented ex- 
cept a chemists expert opinion, on 
matter in fact not involved in the case, 
of which testimony I offer printed 
copy to those who feel sufficiently in- 
terested to obtain one of the few copies 
left in my hands. 

Amongst many other pieces of evi- 
dence the testimony offers an original 
letter, directed to Cazin, dated Jan- 
uary 5, 1898 by the managr and chem- 
ist, Waldrow Shapley, the same man 
who it was proven to have been sent 
to Vienna to obtain (on May 23, 
1898), an assignment for the said 
company of an application, which it 
had prepared in New York for Wels- 
bach, and after obtaining his signa- 
ture filed on January 31, 1898, which 
original Shapley letter is a receipt for 
a copy of Cazin’s application of Octo- 
ber 15, 1808, the specification of which 
discusses both the Cazin Lamps No. I 
and No. 2, as well as the electrolytic 
method of filament plating and the 
new method of hermetical wire-seal- 
ing. 

I challenge all alleged inventors of 
anything in the line of metal filaments 
to prove priority of their alleged in- 
ventions to my official disclosure 
thereof, as now in the. files of the 
United States patent office, notwith- 
standing, that it took 11 years to ob- 
tain my first fundamental patent, and 
notwithstanding that all technical 
periodicals, with the exception of the 
Central Station and THE ILLUMINAT- 
inc ENGINEER, have faithfully fol- 
lowed up the order of their advertis- 
ing patrons, to apply for the last ten 
years the policy “des Todtschweigens”’ 
to the old man Cazin and his electric 
lamp improvements, a policy, of which 
the German technical periodicals are 
absolutely innocent. 

Very sincerely and respectfully, 

Ee Wie Be aAzin. 

1108 Bloomfield St., Hoboken, N. J. 
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ADDRESS OF CHARLES PROTEUS STEINMETZ, DELIVERED BEFORE 
LHE NEW YORK] SECTION TsDE@ ara, 


LIGHT AND ILLUMINATION 


(Unofficial report, by our own stenog- 
rapher. ) 


The subject of tonight’s discussion 
is Light and Illumination. When 
dealing with this subject, the subject 
with which our society has to deal, we 
are at a disadvantage, compared with 
the other branches of engineering, 
such as the transformation of electri- 
cal power into mechanical power, or 
the transformation of chemical energy 
into mechanical power, as in the case 
of a steam engine; we are at a dis- 
advantage in that we have not to deal 
strictly with problems of applied 
physics, but are on the borderland be- 
tween applied physics, that is, engi- 
neering, and physiology. Light is not 
a physical quantity, but is a physio- 
logical effect exerted on the human 
eye by certain radiations. There are 
different forms of energy convertible 
into each other, as magnetic energy, 
electric energy, heat energy, mechani- 
cal momentum, radiating energy, etc. 
The latter, radiating energy, is a vi- 
bratory motion of a hypothetical me- 
dium, the ether, which is transmitted, 
or propagated, at a velocity something 
like 188,000 miles per second; and 
this is transverse vibration, differing 
from the vibratory energy of sound in 
this respect, that the sound waves are 
longitudinal, that is, the vibration is 
in the direction of the beam, while the 
vibration of radiation is transversely. 

Now, radiating energy is derived 
from other forms of enerey; fot in- 
stance. f1om heat energy, by raising a 
body to a high temperature we find 
that this heat energy is converted into 
radiation and issues from the heated 
body, as in the case of an incandescent 
lamp filament, as a mass of radiations 
of different wave lengths, i. e., differ- 
ent frequencies, we get all kinds of 


frequencies from very low frequen- 
cies, that is, only a few millions of 
cycles per second, up to frequencies 
many times as great. Now, we can 
get, 11. we desife, still. very <much 
lower frequencies, as electric magnetic 
waves, such as a radiation sent out by 
an oscillating, or alternating current; 
but the radiations which we get from 
heated bodies are all of extremely 
high frequency, compared with the 
electric current; at the same time they 
cover a very wide range of frequen- 
cies, over many octaves; and from all 
this mass of radiations, somewhat less 
than one octave can be perceived by 
the human eye as light. 

Light, therefore, is the physiological 
effect exerted upon the human eye by 
a certain narrow range of frequencies 
of radiation. There are frequencies 
lower than those visiple to the eye, 
and frequencies higher than those visi- 
ble to the eye. We frequently speak 
of those lower frequencies than the 
visible ones as radiant heat, and of 
those frequencies higher than the visi- 
ble ones as chemical rays. We must, 
however, understand that there is no 
distinction between them. There are 
no heat rays differing from light rays 
or chemical rays. 


Any form of energy when destroyed 
must give rise to an exact equivalent 
amount of some other form of 
energy; however, if we destroy ra- 
diant energy by intercepting the beam 
of radiation, as by interposing an 
Opaque body in its path, then the 
energy of radiation is converted into 
some other form of energy, usually 
into heat. This means that any radi- 
ation absorbed produces heat, and the 
amount of heat produced merely rep- 
resents the amount of energy which 
was contained in the radiation. If the | 
radiation contains a very large 
amount of energy, when intercepted 
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the heat may be sufficient for you to 
teel by putting your hand in the beam. 
If the amount of energy is less, it may 
not be possible to feel it, though with 
a sensitive instrument, such as a bolo- 
meter, we may still be able to meas- 
ure the heat; but that does not mean 
that the radiations which are visible 
are uifferent from those which are in- 
visible, nor that radiations which are 
invisible can be called radiant heat: 
they are no more heat than the me- 
chanical momentum of a flywheel is 
heat, because when we destroy it it 
produces heat. If we consider the in- 
finite range of radiation issuing from 
heated bodies, we find those rays 
which are of lower frequency than the 
visible rays, will be felt as heat, be- 
cause they contain a very large 
amount of energy. 

The rays which are visible repre- 
sent very little energy—it just hap- 
pens so,—and therefore they do not 
contain as much heat. For instance, 
in the case of a hot steam boiler, al- 
though we get no light, we can per- 
ceive the radiation from it by the heat 
which it produces when intercepted by 
our hand-held *near it. We do. not 
feel the radiation as heat which issues 
from the green light of the mercury 
lamp, merely because the amount of 
radiation in the latter is infinitely less 
than the amount of energy in the ra- 
diation from a hot steam boiler; but 
while it is less in the former case, it 
happen-etOmpes or , tat. frequency 
which effects the eye, and therefore 
isavisible, It-results from this that 
when we speak of cold light, that 
does not mean that it is different from 
hot light—from the light, for instance, 
given by a hot coal fire, where we feel 
the radiation as heat; it merely means 
that what is usually called cold light is 
radiation containing to a very large 
extent rays of the visible frequencies, 
and less energy outside of the visible 
range, i. e., containing very little total 
energy, so that the energy when de- 
stroyed, i. e., converted into heat, 
cannot be observed by the hand easily, 
but requires more delicate methods of 
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determination ; while a very inefficient 
light, such as a coal fire, for instance, 
which gives most of its energy of 
radiation as invisible low frequency 
rays, and very little visible radiation, 
we feel—that is, we feel the heat pro- 
duced by the interception of the ener- 
getic low frequency rays. 

As stated, then, there is no essen- 
tial difference between heat waves and 
light waves; but any radiation that is 
converted into any other form of 
energy, such as the so-called chemical 
rays, ultra-violet light, and the x-ray, 
when intercepted also produces heat 
just the same as red light, only very 
much less heat, not enough to be per- 
ceptible to the touch, because the total 
energy of the ray happens to be very 
much less. Our means of producing 
radiating energy are able to produce 
high intensities of radiation only for 
very low frequencies such as the in- 
visible ultra-red rays; we are not able 
to produce anywhere near the same 
intensity of radiation for higher fre- 
quencies, especially very high fre- 
quencies; so also, when we speak of 
ultra-violet, or short waves, or other 
high frequency waves, as chemical 
waves, that does not mean they are the 
only waves which have a distinctive 
character in producing chemical ac- 
iO A hy 10MM Oe eneroy. scaniibe 
converted, if we know how, into 
chemical energy; the long ultra-red 
wave just as well as the short ultra- 
violet wave. It just happens that 
those chemical compounds which are 
easily split, such as silver salts or salts 
of gold and platinum, are especially 
affected by the ultra violet and violet 
rays, so that we observe the chemical 
action of these rays, but do not ob- 
serve so well the chemical action of 
other rays. 

It is obvious if we intercept and de- 
stroy radiation in order to convert it 
into other forms of energy, if the 
energy is only high enough, we get 
high temperature, or high chemical 
action. By the mere effect of tem- 
perature we also may get chemi- 
cal action by what probably is 
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some kind of resonance phenomena. 
The particles of a body, say the atoms 
of the molecules, naturally must have 
some rate of vibration of their own. 
it, then, a radiation inipinges: upon 
them which is of a frequency of the 
same magnitude as the inherent rate 
of vibration of the atom, the vibra- 
tion of the atom must rapidly increase 
in. intensity from resonance until it 
breaks away from the molecule, and 
the chemical combination is thereby 
split up. The inherent frequency of 
oscillation of the atom seems to be 
about of the same magnitude as the 
visible radiation, or rather a little 
higher frequency ; that is, if the atoms 
of the metals or other compounds are 
caused to vibrate freely, as under the 
influence of an electric current in the 
arc, then we get radiation of the fre- 
quency inherent to the atom. The gen- 
eral tendency is then toward the vio- 
let or short wave end of the spectrum. 
If we assume that the wave entering 
the mass of the silver salt is such as to 
give a rate of vibration about of the 
range between the violet and ultra- 
violet, it is easy to understand that 
this frequency of light will split 
up the silver salt by increasing its 
vibration through resonance, and the 
shorter or longer waves will not have 
any effect, or an ‘effect in much less 
degree? so that it may Desacmete.in- 
cident that these chemical compounds 
in which we observe the chemical ac- 
tion of radiation just happen to be 
sensitive to the violet end of the spec- 
trim. =~ Now, it 1$“a. fact “with other 
c'emical changes as in the formation 
of ozone from oxygen, that is, the 
splitting up of the oxygen molecules 
and reforming of the ozone molecules 
from the ‘atoms, chemical action 
does not ‘take place in the violet or 
nlira-violet, but requires frequencies 
very much higher,—about the highest 
frequencies which the mercury arc at 
low temperature gives. Possibly, since 
the oxygen atom is so much lighter 
than the silver atom, its frequency 
of vibration is much higher, which 
means that resonance effects, and de- 
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struction of the molecules take place 
only with the much shorter wave 
lengths of radiation, i.e., much higher 
frequency. 

Inversely, it seems that those fre- 
quencies which are chemically active 
in organic life, and which are ab- 
sorbed from radiation by plants, giving 
the chemical action utilized in build- 
ing up the growth of vegetation, are 
at the red end of the spectrum, not at 
the violet end. It appears that the 
ted -and  ultra-red “rays. produce 
growths of plants and chemical ac- 
tivity which we call life, while the 
violet and ultra-violet kill. This can 
be explained if we consider chemical 
activity as a resonance phenomenon, 
because metabolism of protoplasm is 
based on the unstable structures of 
carbon compounds. We have not here 
atoms compounded with each other, 
but groups, mere chains and_ links, 
which are of a larger mass and there- 
fore have a much lower rate of vibra- 
tion, and should be expected to re- 
spond to the lower frequencies of red 
light; while the violet and ultra-vio- 
let light will not split up the organic 
matter into groups which can recom- 
bine, forming complex bodies, repre- 
senting the changes in life, but will 
split it up into atoms that remain in 
that condition, which means death. 
It can thus be easily understood that 
the chemical activity of different 
radiations may, be , dilrerenta sme 
chemical activity of long rays gives 
life to vegetation, and the short waves 
may mean death. One splits up the 
carbon groups, the other carries de- 
struction of the atom with it. 


The distinction between heat waves, 
chemical waves, and light waves is not 
a physical distinction; they are all 
radiating energy of the same charac- 
ter, differing merely in wave lengths, 
the visible range being somewhat less 
than one octave, rather at the upper 
end, at the higher frequencies which 
are difficult to produce. This makes 
the problem of investigating and deal- 
ing with light difficult for the engin- 
eer, because it is not a physical quan- 
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tity which can be measured accu- 
rately, as in the case of power, or ve- 
locity, but is a physiological effect. 
We can, indeed, measure very accu- 
rately the total energy of radiation 
from a heated body; but the total 
energy of radiation is not light, since 
only a very small part of it is visible. 
We may go further, and say that if 
we split up the total radiation issuing 
from a hot body, as an incandescent 
lamp filament into different wave 
lengths, or different frequencies, 
as, for instance, when we _  re- 
solve the total radiation by put- 
ting a prism into the rays in order 
to separate the different frequencies, 
and then collect the total radiation 
within the visible range by a lens or 
other means, and measure that, or, 
still simpler, if we interpose in the 
beam of radiation some medium which 
absorbs the invisible long rays and in- 
visible short rays, but which transmits 
all, or nearly all, of the visible rays, 
as a glass of water, we can easily 
measure the energy of the visible radi- 
ation and compare it with the total 
energy in all the radiation. 


This would give a physical measure 
of the efficiency of producing visible 
radiation; but it would not be a meas- 
ure of the efficiency of producing 
light, since, unfortunately, the differ- 
ent wave lengths of visible radiation 
are very different in their physiologi- 
cal effect. A given amount of energy 
as visible radiation giving the effect of 
green light represents an entirely dif- 
ferent amount of light, i.e., many times 
a greater physiological effect than the 
same amount of energy as red rays, 
or rays of the wave lengths which 
give the impression of red light. This 
means that the physiological effect of 
mechanical energy within the visible 
range is a function of the wave length, 
and varies with the wave length, that 
is, with the color. This is obvious if 
you follow the range of frequency 
from low to high. You see that energy 
radiating at low frequency represents 
no light whatever, i.e., has no physiolo- 
gical equivalent; it is invisible. When 


you come into the visible range it rep- 
resents physiological effect, and is the 
equivalent of light. Therefore, when 
you pass from the invisible range into 
the visible, you see the physiological 
equivalent must pass from zero to a 
finite value, which must necessarily 
continue to the other end of the visible 
range. As you go into the visible 
range you reach the maximum at 
about the middle, in the green and 
yellow, and decrease again down to 
zero at the violet end of the visible 
rays; beyond that in the still higher 
frequencies, the physiological equiv- 
alent ol: energy. is. Zero (again) in- 
versely, if we take the mechanical 
equivalent of light as a minimum in 
the middle of the visible range, where 
one candle power of light represents 
the lowest amount of energy, and 
suppose it to increase toward the end 
of thesspeetrum; or visiblexrange, it 
would reach infinity at the end, be- 
cause at the end of the visible range 
there is no more light; then, the in- 
finite amount of energy would not 
produce ‘any more scintillation than 
one candle power of light. Now, this 
means, in plain language, that the ef- 
ficiency in light production is a func- 
tion of the wave length, that is, of the 
color, and that the maximum is in the 
middle of the spectrum; a given 
amount of energy gives the largest 
amount of light measured in candle- 
power, if the energy is in the form of 
radiation of the frequency correspond- 
ing to the middle of the visible spec- 
trum. 

Unfortunately, the physiological 
equivalent of power, or the physiolog- 
ical effect of light, varies not only 
with the wave length, but also with 
the absolute intensity. Suppose we 
undertake to compare red, yellow and 
ereen lights, or any lights of dif- 
ferent colors. We meet. the great 
difficulty of how to compare them. 
We want one candle power in light, 
as red, yellow, or green. We cannot 
compare them directly since we have 
no physical measure of light; we 
cannot measure it physically, because 
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it is not a physical quantity, but a 
physiological effect. We compare 
different lights by comparing them 
with a standard candle, but a standard 
candle has a’ certain’ color, and we 
cannot compare it exactly with any 
other illuminant which has a different 
color; but if the color is the same we 
can get an approximate comparison 
by observing when the two lights of 
similar color are of about the same 
intensity; thus, we can observe the 
two sides of the photometer screen, 
and get a fairly accurate measure of 
the relative intensity. But where we 
have a red and a green light we can- 
not say, with one side of the photo- 
meter* red and’ the other side “ereen;, 
that the two intensities are equal; 
there is no comparison. We see in the 
beginning that we cannot say that a 
certain amount of red light, or a cer- 
tain amount of green light, represents 
the same number of candle powers, 
photometrically; but, after all, if we 
go one step further and consider that 
light is used for illumination, that ts, 
to see by, that gives us a rough com- 
parison; we can take a red light and 
a green light and observe at what dis- 
tance from the two lights we can read 
with the same convenience, or read 
the same kind of print; or, to meas- 
ure more exactly, get the maximum 
distance at which we can just read a 
certain size of print, by both lights, 
which means that at this distance the 
two illuminations are the same, and 
the two lights will have an intensity in 
inverse proportion to the squares of 
the two distances. In this manner you 
could ‘conipare “lights yot- ditterent 
color. 


Necessarily, the comparison has not 
the accuracy of -photometrical com- 
parison, but cannot have, because they 
are not physical quantities that we 
are comparing, but only. effects on 
the eye. Different observers may 
have different personal constants. The 
eye of the one may be more sensitive 
to green, and the eye of the other 
may be more sensitive to red, and 
therefore the comparisons may be 
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very different. However, these indi- 
vidual differences are not so very 
great, and different observers, even 
with widely different colors of light, 
do not differ so very much from one 
another; so that we can get a com- 
parison of intensities of different col- 
ored lights, or express their intensities 
in candle power, approximately, by 
some such method, i. e., by observing 
the illumination which they produce. 
We find, however, if we take the 
same two lights, and assume that they 
aré ofthe. Same. intensity.1, e501 ao 
feet distance we can just see the same 
size Of print; 41 now. we-take devery 
much larger print which should en- 
able us to go a greater distance from 
the light, we will find that the two 
lights are no longer equal, but that 
the green light 1s much brighter than 
the red. If we take a much smaller 
size of -printiand Geet, nearetm to sate 
lights, the red light appears brighter ; 
or, more roughly speaking, if we have 
a green light and a red light, which at 
a certain’ -distance appear ‘equally 
brilliant to the eye, then when we get 
nearer to the two lights the orange- 
red light will appear much brighter 
than the green, and when we go fur- 
ther away the green light will appear 
brighter; and at still further dis- 
tances we will still see the green light 
when the red light is almost invisible. 
The sensitivity of the eye for green 
light is very many times greater than 
forered lisht;-or, rather, the ratio of 
sensitivity for green compared with 
red is greater for faint illumination 
than for intense illumination. If we 
desire to express a light in candle- 
power for different colors it 1s neces- 
sary also to give the distance or in- 
tensity of illumination at which we © 
have observed; in other words, light 
in the middle and the short wave end 
of the spectrum is very much more 
prominent and gives better illumina- 
tion, where the total intensity is low; 
while the long wave or low frequency 
of the red, orange, and yellow light 
gives a much more brilliant effect at 
high intensity. 
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This is of importance for the illum- 
inating engineer, because you see, 
where you desire to get very high ef- 
fects, as in decorative lighting, or in 
advertising, you get much better re- 
sults from the low frequency end of 
the spectrum, from the orange and 
yellow light; whereas, when you de- 
sire to get low intensity of illumina- 
tion, as in street lighting, you get a 
much better result from the short 
wave end, or the middle of the spec- 
trum, from the greenish-yellow of the 
Welsbach gas light and the bluish- 
green of the mercury lamp, which 
gives you a better result than the 
orange-yellow of the old incandescent 
lamp. The white light of the arc 
gives you a better result than the yel- 
low of the incandescent lamp. All of 
these features have not been of im- 
portance until a few years ago, when 
the available sources of light were all 
approximately of the same color, 
were all from the orange-yellow, yel- 
low, yellow-white, whitish-yellow and 
white; from the gas lamp, kerosene 
lamp and tallow candle of orange-yel- 
low color, to the yellow incandescent 
lamp and the yellowish-white arc and 
the yellowish-white sunlight, to the 
white diffused daylight. We had a 
fairly limited range. It is only in the 
_past few years that illuminants of 
high efficiency have been brought out, 
which give marked and decided color 
differences in available units of 
efficiency, as the greenish-yellow of the 
Welsbach gas lamp, the bluish-green 
of the mercury lamp, and the orange- 
yellow of the flaming arc, and hence 
these questions are increasing in im- 
portance. 

This brings us to the consideration 
of the method of producing light. 
Now, until a few years ago, until the 
development of the Welsbach gas 
mantle, practically all methods of 
producing light were based on incan- 
descence, i. e., by impressing energy 
on a solid body, either the chemical 
energy of combustion, or electric 
energy in the incandescent or carbon 
arc lamp. In the latter case, the tem- 


@ 


853 


perature is raised to such a high value 
that amongst the total radiations is- 
suing from the heated body a certain 
very small percentage appears within 
the fraction of an octave as visible 
light. With increasing temperature of 
the radiating body the average wave 
length of radiation decreases, i. e., the 
average frequency of radiation in- 
creases and so approaches nearer to 
the visible ray; although still, at the 
very highest temperature which can 
be produced, the average wave length 
of radiation is very far below the visi- 
ble. It still means that the higher the 
temperature reached by an incandes- 
cent body the higher will be the aver- 
age frequency of radiation and the 
lateer the percentage of Sthe= total 
energy of radiation that is within the 
visible range as light. So that the 
problem of efficient light production 
by incandescence is the problem of 
reaching as high a temperature as 
possible in the luminous body. In the 
eas flame and the kerosene lamp, this 
temperature is the temperature of 
combustion, rather limited; in the in- 
candescent lamp it is limited also. In 
the latter case the temperature which 
can be reached is limited by self-de- 
struction of the incandescent body. The 
highest temperature probably which it 
can reach is the boiling point of car- 
bon, in the crater of the carbon-arc 
lamp, and therefore that would give 
the most efficient incandescent light. 
It is incandescent light, because the 
arc flame, or the vapor-conductor, 
does not appreciably contribute to the 
amount of light issuing from the arc 
lamp. Very much lower, necessarily, 
is the temperature of the carbon fila- 
ment of the incandescent lamp. 

The problem is to find materials 
which can stand very high tempera- 
ture; to increase the temperature of 
the gas flame, as well as of the incan- 
descent filament. We have increased 
the temperature of the gas flame by 
using a gas of higher chemical energy, 
as acetylene. The acetylene flame is 
white: the ordinary gas flame is yel- 
low. We have increased the tempera- 
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ture of the carbon filament by replac- 
ing. the carbon with some more re- 
fractory material; such as tantalum, 
osmium, tungsten, etc., and so get a 
higher efficiency. We can increase the 
temperature of the gas flame by in- 
creasing the rapidity of combustion. 
We can increase the temperature of 
the carbon filament in the incandes- 
cent lamp by increasing. the energy 
applied, but if we increase the tem- 
perature of the carbon. filament it is 
more rapidly destroyed. To increase 
the temperature of the gas flame by 
more rapid combustion—as has _al- 
ready been done—we do not have the 
gas issuing from a round hole, but 
from a flat slot, so as to give a larger 
suflace: to Le tame. lL we some Il 
further and mix the gas with air, we 
get a still higher temperature; but if 
we get a more rapid combustion, that 
destroys the incandescent body, be- 
cause the incandescence of the gas 
flame is due to light given off by the 
heavy hydro-carbon particles floating 
in the gases of combustion, and by in- 
creasing the rapidity of combustion 
we consume them at such a rate that, 
while they should give more light, 
they do not last long enough to give 
it. We could increase the efficiency 
of the gas flame by mixing the gas 
with air, as in the Bunsen flame, but 
we have to insert a luminous body of 
some other material, not carbon pro- 
duced by the dissociation of the gas, 
because the carbon is instantly con- 
sumed. We can do it by a skeleton of 
platinum wire which can be set glow- 
ing. We cannot reach very high ef- 
ficiencies, since most of the energy is 
outside of the visible range. 
imagine the efficiency of light produc- 
tion if we could find an incandescent 
body which would not radiate in the 
same manner as the carbon filament 
or the average so-called “black body,” 
which would give an abnormally low 
small radiation of low frequencies but 
which had an abnormally high quan- 
tity of high frequency radiation with- 
in the visible range. Such a body 
may be said to give selective radia- 
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tion, because the distribution of 
energy in the spectrum amongst dif- 
ferent frequencies of radiation is not 
the same as it would be with an or- 
dinary black body of the same tem- 
perature. A body which should give 
an abnormally low radiation in the 
visible range, or abnormally high in 
the invisible range, would be an ab- 
normally inefficient light producer ; 
but if we could find a body giving ab- 
normally high radiation of short wave 
lengths, in the visible range, and ab- 
normally low radiation of long waves 
at low frequency, it would be an ab- 
normally efficient incandescent body. 
Such bodies exist, and the enormous 
progress in gas lighting made by the 
introduction of the Welsbach mantle 
is based on selective radiation; the 
oxides of which it is composed do not 
radiate the same fangee “as, the sblacks: 
body, incandescent carbon, would do, 
but give an abnormally large amount 
of visible rays compared with the in- 
visible rays; that is to say, they give a 
larger percentage of high frequency 
light rays compared with the low fre- 
quency invisible rays. Now, possibly 
some of these highly efficient metal 
filaments, like the tungsten filament, 
also owe their high efficiency to selec- 
tive radiation. i 

When we come to. selective radia- 
tion we must understand what is° 
meant by- it, otherwise we may very 
carefully investigate and conclude 
that the Welsbach mantle or the tung- 
sten filament owes its high efficiency 
to some other cause than selective 
radiation. We may prove very con- 
clusively that selective radiation is not 
the cause of the high efficiency, and 
some one else can prove just as con- 
clusively that it is due to selective 
radiation. It all depends upon what 
you define as selective radiation. The 
same thing is true if you look over the 
literature of the subject.) "Oneé~ ob- 
server writes a paper and claims it 
is not selective radiation which gives 
this efficiency; another claims it is 
selective radiation. It is the same, as 
some of the older men among you 
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will remember, as the controversy 
which was carried on for many years 
on the question of the counter-electro- 
motive force of the arc. It was 
proved scientifically by many of the 
writers that the arc has no counter 
e. m. f., while others can prove with 
equal conclusiveness that there is a 
COMMmCrsex i) Ton. the are, It-de- 
pends on what you define as counter 
e. m. f. In the same way, the solu- 
tion of the question of selective radia- 
tion depends on what you define as 
selective radiation. If you define as 
selective radiation any radiation in 
which the intensity is distributed in 
the spectrum differently from that of 
the theoretical black body, then the 
Welsbach mantle has selective radia- 
tion. If, however, you define selective 
radiation as the radiation of a body 
which gives a line spectrum, i. e., 
which gives abnormally low intensi- 
ties, within certain narrow ranges, 
which gives absorption bands and 
bright bands in the spectrum, then the 
Welsbach mantle does not give selec- 
tive radiation, because it does not 
show absorption bands or bright spec- 
trum lines. 

When you read any discussion on 
selective radiation you first have to 
find out what the other person means 
by selective radiation. If you pro- 
duce a vibration of some body, as for 
instance, set a violin string in vibra- 
tion, you get a definite pitch in tone, 
or rather a number of pitches; a fun- 
damental frequency and _ secondary 
frequencies. In an incandescent lamp 
filament you do not get a definite 
pitch, or a definite frequency of «vi- 
bration, that is, definite wave-lengths 
of light, but an indefinite number of 
frequencies. The reason is that we 
have a solid or liquid body in which 
the vibrating atoms are sufficiently 
close together to interfere with one 
another. If we could set a body in vi- 


bration in which the vibrating par- 
ticles, atoms, or molecules, are so far 
apart as not to interfere with one an- 
other, as gas at low pressure, so that 
they can execute their own rates of 
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vibration, the light from such a body 
would not consist of radiations of ail 
wave-lengths, but of a few definite 
wave-lengths, or lines of the spectrum. 
Thus, incandescent sodium vapors give 
only one kind of light, and in addition 
thereto a number of ultra-red and 
ultra-violet rays. Since the spectrum 
of light is based on the interference 
of vibrating molecules, it is easy to un- 
derstand, and we bring the atoms or 
molecules closely together, interference 
begins, and we find the line spectrum 
disappearing, the lines getting more 
confused and blurring into each other. 
Therefore, we see in the fllerCur y_ anc 
spectrum, which is a low pressure gas, 
a small number of definite, sharply de- 
fined lines; while in the calcium or the 
carbon spectrum we get the largest 
number of lines blurring into each 
other. So also we get the white spec- 
trum of the magnetic arc. 


Where we set gas or vapor into vi- 
bration, it vibrates at its own frequen- 
cy, independent of the temperature. 
It gives a certain vibration, and it is 
merely a question of the character of 
the material whether a very large per- 
centage of the total energy of radi- 
ation will happen to be within the vis- 
ible range or outside the visible range. 
Temperature does not come in, be- 
cause frequency of radiation is no 
longer a function of, but independent 
of the temperature; in general it is the 
same. Sodium vapors will give the 
same frequency of radiation, the same 
yellow lines whether the sodium vapor 
is at low or high temperature. Some 
substances may increase in frequency 
with increase in temperature faster 
than others, and the color of light may 
change with the temperature, from 
yellow to white or blue, or from green 
toward white, or toward red, as the 
mercury light does, with increasing 
temperature; but that is merely a 
characteristic feature of that particular 
body, and not a general effect of 
temperature, 

The possibility therefore exists of 
finding materials which, when ener- 
gized in the state of vapor or gas, will 
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give a spectrum having a large amount 
of energy in the visible range, thus 


giving an efficiency of light produc- . 


tion far in excess of that available by 
incandescent lamps. So far the only 
metals which have been found which 
have these characteristics are mercury, 
calcium, and titanium. These three 
metals give spectra which contain such 
a large percentage of the total radia- 
tion, that the amount of light measured 
physiologically in c. p. is far in excess 
of that which possibly could be pro- 
duced by incandescence, even with the 
assistance of selective radiation. Thus 
far these conditions are realized only 
in the mercury arc, the yellow flaming 
carbon: arc, the tungsten arc, and the 
white titanium arc, which are of such 
very high efficiency as to be of higher 
magnitude than any incandescent light. 
Even iit. we, takes jouly sthese 2thcee 
illuminants we have quite a color 
scale, comprising all the colors from 
orange-yellow, which is about the 
longest wave lengths we could use, to 
yellow and yellow-white in the acety- 
lene flame and the tungsten filament. 
Then we have the greenish-yellow of 
the Welsbach mantle, by selective 
radiation... We have the blue ofthe 
arc, and the yellowish-white of the 
carbon arc, as well as the clear white 
of the titanium arc, the yellowish- 
white and orange-yellow of the cal- 
cium arc, and the bluish-green of the 
mercury arc.” Lach: of-these canbe 
modified. We can modify the titanium 
arc, giving all colors from yellow- 
white to bluish-white, by the addition 
of other materials which give either 
a yellowish or bluish spectrum. We 
can modify the yellow calcium arc, 
and the orange-yellow of fluoride of 
calcium down to yellowish-white by 
using calcium borates. We can modify 
each color over a, céttains france mane 
we can get pretty nearly any color 
scale, with the exception perhaps of 
a clear blue and violet; but no means 
has been found to get approximately 
the same efficiency in those lights as 
in the other colors of lights. This 
feature naturally makes the effect of 
color and the variation of physiologi- 
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cal effect with the brilliancy of 
illumination, of more importance now 
than years ago, when the only method 
of producing colored light was by the 
absorption of any desired color. 

But after all, it is not light we want, 
but illumination. It is not the amount 
of visible rays issuing from the source 
of light, but the amount of light which 
reaches the objects we desire to see; 
that is, the illumination produced by 
the light, which is of importance. 
That is the mistake which the gas 
industry, as well as the electric light- 
ing industry, has made for many 
They have endeavored to pro- 
duce light, and entirely left out of 
consideration the fact that light is not 
the only important thing, but in addi- 
tion to the light, and of the same im- 
portance, is the utilization of the light 
so as to get illumination. This feature 
is of equal importance with the pro- 
duction of the light, but has been 
usually left to the tender mercies of 
the decorator to place the light-sources 
wherever he thought they would look 
artistic, regardless of the illumination 
produced. If you will look around 
you will find in almost all cases of 
artificial illumination that the tight- 
sources have been arranged, not for 
the sake of getting efficient illumina- * 
tion, but haphazard, in any kind of 
way. ‘To overcome this practice, as 
we all know, is the object of this 
society. This problem of the produc- 
tion of light and. the physiological 
effect produced by the light on the 
eye, redttres, Careful’ study, siusees 
any other engineering problem. It 
is of importance for us to consider 
not’ only the amount of light issuing 
from the flame, but the amount of 
light which reaches objects to be seen 
by the illumination. 

The demands of illumination are 
mainly of two classes, general illumina- 
tien. “and=n local... “or == Coneenesiteas 
illumination. Many cases require 
general illumination, like this meet- 
ing room, where the. desire to see 
equally well, to get the same intensity 
of illumination throughout the whole 
illuminated area, is considered; so in 
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the draughting room, the school room, 
the hall of a house, and the streets of 
a city, general illumination, uniformity, 
and a fairly high intensity are re- 
quired; very high intensity in draught- 
ing room, to be able to do careful 
work everywhere; relatively low 
imtensity 11 the streets of a city. The 
lighting of a city street is usually very 
far from uniform, but that does not 
mean that the problem of street light- 
ing would be solved best by uniform 
distribution; it merely means that 
street illumination is relatively less 
itor, ire the ‘necessity of the 
case. In other cases we require con- 
centrated lhghting; in domestic light- 
ing, in the dining room, in the living 
room, we desire light mainly on the 
table where we work, eat, read, etc. 
The general illumination of the room 
is of lesser importance; is not needed 
to any extent, and is frequently un- 
desirable, because a room with a very 
low /brilliancy of general illumination 
frequently is considered more home- 
like, especially by the feminine part 
of the human. race. Again, general 
illumination in another place may be 
directly objectionable, as in the sick 
room. Most cases require general 
illumination and local illumination; 
general illumination of moderate 
intensity, and far more intense local 
illumination, as on the desks in an 
office, or over the reading table in a 
library. In such cases we frequently 
set along with the general illumina- 
tion by making it very much more 
intense, but that is uneconomical, and 
to some extent objectionable on ac- 
count of the blinding rays. 


Again, in producing illumination we 
can use either direct lighting or in- 
direct lighting; the rays issuing from 
the source of light may either pass 
directly to the illuminated objects, or 
they may pass to a reflecting surface, 
and froni that surface to the object; 
or they may be passed through a 
refracting body, as the frosted incan- 
descent lamp globe, or opal globe of 
the arc lamp, and so reach the 
illuminated object. In general, it 1s 
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obvious that any method of indirect 
lighting by refraction or reflection 
wastes a considerable amount of light. 
We lose light by absorption; that is, 
the total amount of light which reaches 
the illuminated object must necessarily 
be less with indirect lighting than with 
direct lighting, with the same amount 
of light. We can have indirect light- 
ing either by reflecting or refracting 
by some attachment to the lamp, a 
reflector or a Holophane or frosted 
globe, or by deflecting the light from 
the ceilings and walls of the rooms on 
the objects to be illuminated. In the 
latter case it is obvious that if the 
surroundings are white, the white 
walls will give a high efficiency of 
reflected light. Any one can observe 
that the same source of light in a room 
with white walls will give several 
times the intensity of illumination 
which will be given in a room with 
black and non-reflecting walls, from 
the same source of light. That means 
the total amount of illumination is 
increased several fold by reflection 
from white walls. In a draughting 
room, or schoolroom, we must have 
as light walls as possible, to get the 
best efficiency of illumination. 


It is not always feasible to have 
light walls, especially when we come 
to machine shops or foundries, and 
in other places where the walls do not 
remain white. The walls always 
change to some darker color. The 
question is, what color do these walls 
assume? The color of everything 
which is changed by age is due to 
either iron or carbon. If you look 
around you will find in most cases it 
is the result of iron, reddish-brown, 
but it sometimes is due to carbon, and 
then the shade is a brownish-yellow. 
The color which all materials assume 
is either the one or the other. Both 
are in the long wave or low fre- 
quency end of the spectrum. Where 
you have to count on reflected light 
and desire to get the benefit of re- 
flected light from walls which cannot 
be kept perfectly white, then the source 
of light giving long waves and low 
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frequency on the yellowish tinge will 
be more efficient than any other. This 
is very marked when you compare the 
mercury arc lamp with the flaming 
carbon arc lamp. The illumination 
given by the mercury arc lamp in the 
draughting room will be very satisfac- 
tory. The same illumination in a 
foundry or machine shop will be less 
satisfactory, and you will notice there 
the corresponding absence of reflected 
light ; the walls and ceilings all gradu- 
ally assume a color which is rich in 
red and yellow, and therefore reflect 
very largely—even the black-begrimed 
walls of a blacksmith shop will re- 
flect a considerable amount of light— 
the orange-yellow rays, but prac- 
tically no light of the bluish-green of 
the: mercury <arc.%.* Pheretore,- “the 
shade- of color “ot, whe wcillumin- 
ant. may sbe. very. — essential sin 
getting efficient illumination. Again, 
in the interior of a city, the walls 
usually have a reddish-yellow color. 
In that case white or yellowish 
lights are superior. When you are 
outside of a city, the greenish-yellow 
of the Welsbach lamp, or the bluish- 
green of the mercury arc, gives you 
a much larger amount of reflected 
light from vegetation than the yellow 
of the incandescent lamp. Vegetation 
absorbs the long waves, low fre- 
quency radiation, so that with the 
yellow source of light there is prac- 
tically no reflection from living 
vegetation, but only reflection from 
dead vegetation ; therefore, in the light 
of the incandescent lamp all vegeta- 
tion appears very poorly, and you see 
the dead parts very prominently, while 
the reverse is the case where the light 
is deficient in the red and yellow, and 
rich in the green and blue. 

Again, it is not the amount of light 
which reaches the object illuminated 
which is of importance, that is, not 
the physical intensity of illumination, 
but the amount of light which reaches 
the human eye from these illuminated 
objects. With the same intensity of 
illumination, the same amount of light 
reaching the illuminated object, of the 
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same color, the amount of light enter- 
ing the eye may vary widely with the 
opening or contraction of the pupil. 
The eye is automatically self-adjusted 
for intensity of light, which is the rea- 
son we see equally well with sunlight 
as with the light of the full moon, al- 
though the former is many thousand 
times greater in intensity than the lat- 
ter. The eye can accommodatesttcer 
to intensities varying within a range 
from one to several thousands. This it 
does partly by the taticue *oiiue 
nerves of vision, but mainly by the 
contraction or opening of the pupil. 
This is undoubtedly a protective de- 
vice. developed in. ‘the human race: 
Thus, if we have “in the field of vision 
a source of light of high intrinsic bril- 
liancy, the eye protects itself by con- 
traction of the pupil, and will receive 
very much less light in the field of 
vision where we want to see objects, 
than if the source of light were taken 
out of the field of vision. By eliminat- 
ing the source of light from the field 
of vision and eliminating the contrac- 
tion of the pupils resulting from the 
high intrinsic brilliancy of the illumin- 
ating body, we get actually a very 
much larger amount of light into the 
eye with the same amount of light 
striking the illuminated object; that 
is, we get a higher physiological ef- 
ficiency.) Ewen" swith “a. much aecs 
amount of light reaching the illumin- 
ated objects, we still get more light in 
the eye. That means if we reduce the 
intrinsic brilliancy of the illuminant by 
indirect lighting, or by diffusing the 
light, we may lose a_ considerable 
amount of light, that is, actually get a 
considerably reduced quantity of light 
on the object which we desire to see, 
butestileoet ras yery ~mucheemlarcen 
amount of light from these objects 
into the eye, because the eye is open 
further and can receive more light. 
It follows from this that in® efficient 
illumination, it is of foremost import- 
ance to arrange the illuminant so as 
not to have excessive intrinsic  bril- 
liancies in the field of vision when 
looking at the objects we desire to see. 
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That means that the proper field for 
the illuminant is outside of the field 
of vision; or where you cannot get it 
out of the field of vision, to reduce its 
intrinsic brilliancy by diffusion and 
thereby actually get a much higher 
physiological effect. That is the rea- 
son for indirect lighting. 


We may have a very large amount 
of light thrown on any object in a 
room, but get very little light in the 
eye specause. the eye is tatioued. It 
appears, however, that this automatic 
protective faculty of the eye, devel- 
oped through the ages, is a protec- 
tion, not against light, but against 
energy. Apparently the eye is pro- 
tecting itself against the energy of 
radiation, not the physiological in- 
tensity ; and since the energy of radia- 
tion is mainly in the ultra red, in the 
long waves, the frequency which 
causes its reaction is the frequency on 
the long wave end of the spectrum, 
the red and yellow waves; these make 
the pupil contract and cause the self- 
protective action. This action is much 
less if the gteen and blue rays are in 
evidence. That is the reason the eye 
does not react on the mercury lamp to 
any great extent. A green light, like 
the mercury arc or Welsbach lamp, 
can be in the field of vision to a much 
greater extent without giving the con- 
‘traction to the pupil and reducing the 
physiological effect. That is of im- 
portance in places where you cannot 
take the light out of the field of vision, 
as in street illumination, where you 
must have all the sources of light 
along the street and must see them. 
By cutting off the red end of the spec- 
trum you eliminate the contraction of 
the pupil, and get the full benefit of 
the light between the illuminants; 
while with the low frequency source 
of light, as the incandescent or arc 
lame of old, you do not get the bene- 
fit; the physiological effect of illum- 
ination by a green illuminant in such 
cases is superior to that from a yellow 
illuminant. 

A light devoid of red and yellow 
rays is at the same time the safest and 
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most harmless, and also the most 
harmful. It is the safest and most 
harmless, and gives the most uniform 
illumination, if its intrinsic brilliancy 
is sufficiently low to be below the 
danger limit of energy of radiation; 
but is harmful if above that, because 
the eye does not protect itself against 
it. These lights have not existed 
throughout all the ages while this pro- 
tective action of the eye was being de- 
veloped, which accounts for this rath- 
er contradictory effect that has been 
observed, viz: that green or blue light, 
even the: Welsbacly mantle) 1s a very 
good light to work by, being superior 
to the yellow kerosene lamp; at the 
same time there is some suspicion that 
it is harmful to the eye, which may 
well be where it is of very high in- 
tensity, so that the automatic action of 
theseve-1s) not siilicient tO Protect. 
Where you use such sources of light 
you can get the benefit of the contrac- 
tion of the pupil, but it devolves on 
you to arrange them so as not to get 
the harmful effects against which the 
automatic protection of the eye fails. 
That means all these lights are su- 
perior for illumination if they have 
low intrinsic brilliancies, but some- 
what questionable if they have ex- 
tremely high intensities. 

It is not even the amount of light 
which enters the eye which is of im- 
portance in illuminating objects, but 
the difference in the amount of light. 
If in the illuminated area the light 
was of uniform intensity, and every- 
thing was of the same color, we 
would see nothing but a glare of light. 
Seeing takes place by a difference in 
color, and difference in intensity. Dif- 
ference in intensity includes shadows. 
Shadows are the essential feature in 
seeing things. Considering, then, see- 
ing by shadows and seeing by color dif- 
ferences, you observe that by this fea- 
ture we can distinguish the illumina- 
tion, and divide it into directed illum- 
ination and diffused illumination ; dif- 
fused illumination, in which light 
comes in all directions approximately 
uniform and in which shadows do not 
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exist; and directed illumination, in 
which shadows do exist. In some 
cases shadows are objectionable, and 
in other cases shadows are necessary 
for clear distinction; diffused illumin- 
ation in the latter case would not 
be satisfactory. Where it comes to 
seeing different colors, it is obvious 
that where definite color conditions 
are required, you can intensify the 
sharpness of vision by selecting the 
color of your light best suited to 
bringing out the colors desired. 
Where the color conditions you want 
to distinguish are those due to age, 
iron and carbon, then the light which 
is deficient in red and yellow, which 
therefore shows the colors given by 
iron and carbon, gives a much sharper 
distinction; the mercury lamp will 
therefore show blemishes and _ dirt 
much more pronounced than a white 
light. Again, the sources of light 
which are very rich in red and yellow 
rays will show these colors due to iron 
and carbon very much less, and there- 
fore will show blemishes or a slight 
amount of dirt very much less; there- 
fore, where the color distinctions are 
due to these two most prominent ele- 
ments, in the yellow light their ap- 
pearance will be greatly softened, 
while under green light they will be 
made harsh and sharp. If you de- 
sire to soften effects, as in a ballroom, 
it would be fiendish to use a mercury 
lamp; but where you want to search 
out a spot that is soiled, it would be 
very wrong to use a dull, yellow in- 
candescent or gas flame, but rather to 
use the green Welsbach light, gas 
mantle, or the bluish green mercury 
arc, which will give a much better ef- 
fect. When you desire to see all 
colors in about the same relation as 
daylight, you obviously desire a white 
light. It is quite important for the 
illuminating engineer also to select 
the shade or color of the light and 
study the requirements of each case 
which comes into his charge. It would 
be just as wrong in one case to use 
an incandescent lamp, where the mer- 


cury lamp would be better, as to do 
the reverse. 

We have to consider also between 
general illumination and local illumin- 
ation, between direct illumination and 
indirect illumination, and between di- 
rected illumination and diffused il- 
lumination. These three different 
classes or distinctions to a certain ex- 
tent overlap. It would be very wrong, 
however, to mistake them, and a very 
serious mistake in the design of a 
system of illumination can very easily 
be made; for instance, in the case of 
general illumination vs. diffused il- 
lumination, the problem may be to get 
uniform intensity all over. You can 
get that by distributing a large num- 
ber of small units all around the cor- 
nices and reflect the light from white 
walls and ceilings and get a very dif- 
fused illumination; or you could get 
general illumination, where the in- 
tensity of illumination all over is the 
same in a moderate sized room, from 
one source of light by using one of 
these sources of light with a_holo- 
phane_ reflector, which gives the 
proper distribution; or you could get 
light from any other sources, merely 
controlling the distribution cure of the 
light so as to get uniform distribution. 
The former will give diffused light, 
the latter directed light. You will get 
the same intensity of illumination all 
over the room, in both cases; in the 
former cases no shadows, in the latter 
case absolutely black shadows. Prob- 
ably in the former case for domestic 
use the lighting will be unsatisfactory 
and trying to the eyes, because you 
do not see well, you do not have any 
shadows, and objects around you are 
not so distinct, because you lose the 
distinguishing feature of the shadow. 
In the latter case, with the directed 
lighting from one source, the lighting 
will be unsatisfactory, because you get 
very dark shadows where you can not 
see anything, and the eyes will be 
made tired by trying to see in the very 
dark shadows. 

You have to consider how much di- 
rected light you want and how much 
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diffused light you want. In some cases 
you may desire only diffused light. In 
the general lighting of the draughting 
room you do not want any directed 
light; you must have no shadows, be- 
cause 1f the ruler casts a shadow, mis- 
takes may be made. That is extremely 
annoying, and by trying to avoid a 
mistake it is tiring to the eyes. There 
you desire to see only by differences 
in color and in the intensity, and not 
by shadows. You may get very satis- 
factory illumination from many small 
units, or by indirect lighting, reflected 
light from white walls and ceilings, 
or you may get very satisfactory il- 
lumination from a few units properly 
distributed to give uniform intensity 
all over, but giving no reflected light. 
If you desire general illumination 
equal in intensity all over, you must 
have directed illumination so as to see 
all the shadows. 

The draughting room illumination 
will not be suitable for the foundry. 
You need a number of units of light 
to give directed illumination, but you 
must not go so far as to be able to 
see in the shadow; you must have 
some diffusion, or overlapping of the 
different beams of light, and yet if 
you take a satisfactory foundry illum- 
ination and put it in the draughting 
room, even if the intensity was satis- 
factory, it would be entirely wrong. 
It is not merely the distribution of the 
intensity of the light, which is essen- 
tial, but also the character, whether 
diffused or direct light. 

In different lighting problems you 
meet the question of concentrated or 
general illumination, directed or dif- 
fused illumination. In domestic light- 
ing, in the interior of the room, by re- 
flected light on light walls we get a 
high intensity, we increase the illum- 
ination several fold over an ordinary 
source of light, such as the incandes- 
cent light and gas flame, and the light 
Isescditered meal directions, till the 
illumination would be unsatisfactory 
and tiring to the eyes. We all know 
in the home if we have a light with 
white walls it is not as agreeable as a 
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light with darker walls. We say we 
have too much light. We do not have 
too much light, because we do not 
have anywhere near the same amount 
of light as we get during the °day- 
time out of doors. We have too large 
a percentage of diffused light. The 
intensity of diffused lignt is too great 
as compared with the directed light. 
We lose the shadows and that is tir- 
ing to the eyes. That is the problem 
in domestic lighting, to get sufficient 
directed and sufficiently low diffused 
lighting so as to get the best vision; 
to get sufficient shadows to see by, but 
not too dark shadows to become tire- 
some. During the daytime we get 
directed light from the windows, and 
diffused light reflected upon the walls. 
To get the proper proportion between 
directed and diffused light, we have 
to employ shades, and we have to use 
walls of somewhat darker color. 
When you come to lighting in the 
evening, with a source of light like the 
incandescent lamp or gas lamp, con- 
centrating light in all directions, then 
the diffused light compared with the 
concentrated or directed light will be 
a much better percentage than in the 
daytime for the same color of wall, 
partly due to the color of the light, 
which is yellow, and more reflected 
from the walls, largely, however, be- 
cause with the daylight through the 
window the directed light is a much 
larger percentage of the total light 
than in the lamp, where only a small 
part is concentrated light. It is not 
comfortable to have this strong light, 
and we put shades on which absorb 
three-quarters of the light, but which 
give us a more comfortable illumi- 
nation in the room. That means waste, 
however, and you pay twice for what 
light you get. The proper illuminat- 
ing engineering is to secure the cor- 
rect distribution curve of the source 
of light so as: to give the desired 
amount of concentrated lighting on 
the dining room and reading table, 
and give only as much diffused light- 
ing as is compatible with the amount 
of direct light used, to see by the shad- 
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ows. The problem of domestic light- 
ing, from the illuminating engineer- 
ing point, is to determine the illumi- 
nation over the entire area, and also 
the character of illumination, whether 
directed or diffused; how large an 
amount of light should be concen- 
trated, and how large an amount 
should be directed. Then also comes 
in as an important factor the ques- 
tion of colors and shades, as was dis- 
cussed before. 


DISCUSSION. 


Mr. A. E. Forstall said that he realized 
that it was a piece of temerity to criticize 
Dr. Steinmetz, but that he was going to 
risk it and take exception to his reason for 
the non-luminosity of the Bunsen flame. 
He had studied the subject a great deal, 
and as a result had come to the conclusion 
that the Bunsen flame is non-luminous 
because the combustion of the carbon par- 
ticles takes place so rapidly that they can- 
not give off light, so that there are no par- 
ticles in the flame to be raised to incan- 
descence. The chemical action in the Bun- 
sen flame is naturally different from that 
in the ordinary luminous flame; this differ- 
ence results in the hydrocarbons, which in 
the luminous flame are decomposed before 
they are consumed, setting free carbon par- 
ticles which can be heated. In the Bunsen 
flame these hydrocarbon particles are en- 
tirely consumed and destroyed as hydro- 
carbon before the combustion is complete, 
by having the carbon turned into the carbon 
dioxide, before they can be decomposed and 
set free carbon particles. This seems to be 
the more nearly correct explanation of the 
non-luminosity of the Bunsen flame than 
the fact that the carbon particles are burned 
up so quickly that they cannot give light. 
If once formed it would be impossible for 
them to burn up so quickly that they would 
not give light. 


The other point in the address which ap- 
pealed to Mr. Forstall from his past ex- 
perience with the value of different kinds 
of light for illumination purposes, was that 
in which the Doctor touched upon the fact 
that effective illumination depended not so 
much on the amount of light thrown on the 
object, as on the amount of light received 
and noted by the eye as coming from the 
object illuminated. In the Gas Association 
there was at one time a great discussion 
about the relative diffusive powers of light. 
Some of the engineers claimed that one 
kind of light diffused itself better than 
another kind of light, and therefore, though 
you might start with a much brighter light 
of the second kind, you would get very 


much less illumination than you would from 
a much less bright light of the first kind. 
What they really had in mind was that the 
light they said was less diffusive was so 
bright it tired the eye, and the eye could not 
see when it was turned away from it. That 
is the point which has to be kept in mind 
in all problems of illumination, and it is 
very often lost sight of. 

Mr. Millar said that there were one or 
two points which Dr. Steinmetz spoke of, 
which he would like to comment on. One 
in particular was the question of the il- 
luminating efficiency of green and red lights. 
He had undertaken a series of experiments 
in this connection. These are not complete, 
but preliminary experiments have yielded 
some rather interesting results. The meth- 
od of measuring green and red lights indi- 
cated in the address, namely, the reading 
distance method, is going to be undertaken 
later. He has employed certain well-known 
forms of photometers and carried out some 
experiments with the mercury-vapor lamp. 
After all, the efficiencies of the mercury- 
vapor lamp, in so far as illuminating en- 
gineers are concerned with it, is illumin- 
ating efficiency. The photometer is an in- 
strument to aid the eye in judging of il- 
lumination. ve use the Lummer-Brod- 
hun photometer, the Bunsen photometer 
and the Flicker photometer. We have 
made measurements on the mercury-vapor 
lamp in comparison with the incandescent 
electric lamps, at various ‘distances, pro- 
ducing illumination varying from about 20 
lux to 1 lux, distances from I0 to 50 feet. 
This has enabled us to investigate to some 
extent the effect which has been referred 
to, the Purkinje effect, which enables us to 
see with a low intensity of green. illumin- 
ation better than with a low intensity of red 
illumination. We have been very much in- 
terested to find that this effect has been, 
under the conditions stated, as great as 30 
per cent., using the Lummer-Brodhun pho- 
tometer that is to say, with the mercury- 
vapor lamp and carbon filament incandes- 
cent lamp of the same intensity of illumin- 
ation, when measured at a distance of about 
50 feet the mercury-vapor light is apparent- 
ly 30 per cent. greater as judged by the 
Lummer-Brodhun photometer than that 
given by the incandescent lamp. With the 
Bunsen photometer this difference is re- 
duced to about one-half, 15 per cent. With 
tne Flicker photometer, the effect practi- 
cally disappears. With. the aid of the 
Flicker photometer, therefore, we will 
probably be able to judge of the illumin- 
ating efficiencies of the mercury-vapor lamp, 
and possibly lamps of other color values, 
with perhaps much greater accuracy than 
the reading distance method will permit. 

Mr. Millar. was much interested in the 
reference to improper lighting, as exempli- 
fied everywhere. He had been particularly. 
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impressed recently with exampl_s of this 
on the part of those interested in illumin- 
ating enterprises. If we look at the illumin- 
ation in the offices of cur gas and electric 
companies, we will find examples which 
certainly court criticism; and if we go into 
the offices of our lamp factories, we will 
also find the same state of affairs. It is 
like the case of the shoemaker’s children, 
who are never properly shod. Yesterday 
he had visited the manager of one of the 
large lamp factories, and found him seated 
at a desk with a 50 c.-p. tungsten lamp, 
with a shade, about I5 inches in front of 
his nose. One spot on the table was highly 
illuminated, and the rest of the room was 
dark. 

He thought the cause of illuminating en- 
gineering would be gre:tly advanced if we 
stopped scolding the public for the little at- 
tention they give to the subject and devote 
a little more time and attention to the mat- 
ter of our own lighting installations. 

Mr. W. H. Gardner, Jr., agreed with 
Mr. Millar’s remarks about the quality of 
illumination in the offices of many gas and 
electric light companies. He thought Dr. 
Steinmetz had made a very interesting dis- 
tinction between light and illumination. He 
did not offer this as an excuse for bad il- 
lumination, but suggested that gas and elec- 
tric companies are advertising light as well 
as illumination in their offices. This matter 
has occurred to him in connection with com- 
mercial advertising; therein often it has 
seemed well to use light improperly from 
the illumination point of view, so as to 
catch the eye of the public. 

Mr. Arthur A. Ernst, following up the 
idea of using light for purposes of catching 
the eye, said: “I think that applies prin- 
cipally to the spectacular form of lighting 
on buildings and signs, and not so much 
to stores. Illumination in my experience 
has always resulted in attracting attention, 
not because it is spectacular, but because 
the store shows up to better advantage and 
satisfies the eye. The spectacular form ot 
illumination I think will have to be con- 
fined to the sign business and decorations 
of buildings.” 

“I was particularly interested in the part 
of Dr. Steinmetz’s address referring to dif- 
fused and directed illumination. I had a 
recent experience in the matter of diffused 
lighting. When I took hold of the building 
in question, I had definite instructions as to 
the results to be produced. Among other 
things was perfectly diffused lighting, with 
sufficient intensity to enable everybody in 
the place to read without the addition of 
special lamps. I undertook the problem, 
placed my lights, made careful selection of 
the lamps as far as I was able, and made 
my calculations. I made an examination 
of the results after the installation was in 
use, and found that we had a perfectly dif- 
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fused light. It proved highly satisfactory, 
and I took note as to the effect on the eyes. 
Aside from the diffusion that the average 
layman looks for, I looked for the shadows 
and how the eyes were affected by them. 
I noticed the fatigue that Dr. Steinmetz 
spoke of, and I searched for shadows from 
the chairs and tables, but could not find any. 
The quality of the light was quite satis- 
factory, and the reading intensity on the 
books was extremely so. There was a 
slight shadow on the book which I attribut- 
ed to a difference in c.-p. in the chandelier, 
a point which I overlooked at the time I 
specified the c.-p. to be placed, but it was 
not enough to interfere with the reading. 

Mr. Guy V. Williams, New York, thought 
that, in the matter of illumination, it is 
not always so much the efficiency we are 
after. Illumination has two effects : Psycho- 
logical, which shows us the light is present, 
and also the physiological. The illumin- 
ation we want depends on what we want it 
for. In a ballroom we want a bright, soft 
light, which—will contribute to raising our 
spirits and enthusiasm. In art museums 
we want a strong light to bring out the 
beauty of the objects of art, if the object 
is perfect, but if it is not perfect, we want 
a softer light which will shield the blemish 
and make it appear as though it really 
were perfect. He had often noticed in 
some of the hotel lobbies where the illumin- 
ation was brilliant, that it was probably 
some moments before he could see clearly. 
In the home, bright illumination is never 
desirable; in such a place we want a soft 
and very dim illumination. — 

Mr. Ve. R, Lansingh referred. to Dr: 
Steinmetz’s statement that in many cases 
shadows are decidedly objectionable, and 
mentioned the case of the draughting room. 
In desk lighting, shadows are also objec- 
tionable. He had never seen any quanti- 
tative values of shadows, as to what were 
objectionable and what were not objection- 
able. In many cases of lighting desks, ow- 
ing to enormous sources of light, we cannot 
get away from shadows. If the shadows 
are too intense, they are very undesirable; 
on the other hand, slight shadow is not a 
matter of objection at all. He had carried 
out some experiments some years ago as 
to how intense a shadow could be without 
being objectionable. As near as he could 
find out, a shadow is unobjectionable if it 
does not rise above 20% of the rest of the 
illumination. If it rises to a greater value 
than that it is decidedly objectionable. He 
wished to emphasize the question of quan- 
tity as well as the intrinsic brilliancy of 
light, as referred to by Dr. Steinmetz. The 
intrinsic brilliancy of a 3.1 watt carbon 
lamp is about 500 c.-p., per sq. inch; while 
that of the Welsbach mantle is about 30 
c.-p. per sq. in. Nevertheless, the bare 
Welsbach mantle is probably harder on 
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the eye than the ordinary carbon filament, 
because the quantity of light is so much 
greater. In the same way, the mercury- 
vapor lamp is very low in its intrinsic 
brilliancy, but the quantity of light is so 
great that to look at it, it is harder on the 
eves than the ordinary bare incandescent 
lamp. With the Moore light, even, with a 
lower brilliancy still, if you look at it any 
length of time, that is also hard. In study- 
ing any lighting problem, we have got to 
study not only the brilliancy but also the 
quantity; the effect on the eye is due to 
both causes, not simply to the one or the 
other. 

Mr. Paul McJunkin thought that the phe- 
nomenon referred to by Dr. Steinmetz of 
the selective reaction of the pupil of the 
eye, and the radiations of different wave- 
lengths, still further complicates the ap- 
parent difference in penetration of green 
and red light. At first thought he had 
hoped that this might be the solution of 
the apparent discrepancy; but a little con- 
sideration shows that it makes the difficulty 
even greater. He wished some one might 
suggest a possible explanation for the ap- 
parent difference in penetrating power. If 
any one present has made a bolograph of 
any of the highly efficient metal filaments, 
he thought the results would be interest- 
ing as touching on the possibility of the 
radiation from these filaments being selec- 
tive, using that term in the broad sense of 
any departure from the radiations from a 
black body. The question had occurred to 
him as to whether the modified color val- 
ues of the Bastian mercury lamp might be 
due to any difference in pressure from 
the ordinary mercury lamp; being explained 
by the phenomenon Dr. Steinmetz referred 
to, of the greater frequency reducing the 
vibrations to shorter wave-lengths, or 
whether it was due to a difference in tem- 
perature only. 

Dr. Steinmetz, in closing the discussion, 
said: “I do not think I have to add much, 
except to state that I readily accept the 
correction regarding the Bunsen flame. 
What I should have said is, that the carbon 
disappears quicker in the free state. It 
cannot easily be seen, because when you 
take the transition from the luminous 
flame to the non-luminous flame, it is not 
a gradual, but a sudden change, progress- 
ing largely from one part of the flame to 
another one, but before you reach that 
point you notice an increase in intensity in 
the flame. In changing from a round 
purner to a flat burner the increased rate 
of combustion increases the efficiency, and 


then it disappears with the disappearance 
of the light-giving substances, just as the 
efficiency of the incandescent lamp first in- 
creases with increasing voltage, and then 
disappears with the destruction of the fila- 
ment, 

In regard to the relative intensity of 
green and yellow light, I was interested in 
the values given by Mr. Millar. I believe 
if he will follow this comparison to greater 
distances, down to the lower limits of 
physiological action, he will find still many 
times greater differences, because the green 
persists where the red fades out. I do not 
quite agree, however, with the conclusion 
that since the Flicker photometer shows no 
difference, that is the correct photometer. 
lt we have three lamps, one giving 30 per 
cent., one 15, and one zero difference, the 
question is whether that showing 30 per 
cent. difference is nearer correct, or the one 
showing I5 per cent. difference is correct, 
or the Flicker photometer, giving no differ- 
ence, is entirely incorrect, or the other way 
around. I personally have always suspected 
the Flicker photometer. The eye. does 
show the difference; so that if we consider 
the light as a physiological effect, there 
must be some difference, because we notice, 
even with the naked eye, if we change the 
distances sufficiently, that the relative effi- 
ciency is changed. If the Flicker photom- 
eter does not show that, that confirms my 
suspicion that what the Flicker photometer 
measures is not the physiological effect of 
the two different lights, but the physio- 
logical effect of the average physical quan- 
tity. It compares the physical value and 
the intensity of radiation, but not the 
physiological action; in other words, where 
the physiological effect is different, we 
should expect that since the red is more 
persistent than the green—if you look at 
the red and green light and look away you 
see an after-image—if you look at the green 
light of the mercury lamp it is hard to get 
an after-image, as the image almost in- 
stantly disappears. Where you _ rapidly 
change from one color to another, you 
should expect that the red will give a 
longer lasting after-image than the green, 
and the after-image depends on the actual 
intensity; I think the Flicker photometer 
should at higher intensity show in favor 
of red, and the fact that it does not makes 
me more suspicious of it. I would be very 
much interested in hearing the results of 
the tests by reading distances, observing 
the reading of different sizes of print under 
these lights, according to the manner sug- 
gested by me. 
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TRANSFORMATION OF ELECTRIC 
POWER INTO LIGHT 


By CuHarves Proteus STEINMETZ. 


sEresented to the Am. Inst. of Elec. En- 
gineers, Nov. 23, 1906. Reprinted from the 
Proceedings. 


it GENERAL, 


Of all the achievements of modern 
science or engineering the production of 
light is the least creditable. In the trans- 
formation of electric power into mechani- 
cal power, as in the electric motor, or the 
transformation of mechanical power into 
electric power, as in the dynamo, efficiencies 
far higher than 90 per cent. have been 
reached. The transformation is practically 
complete. All further advance must be ex- 
pected in the direction of increased relia- 
bility of operation, decreased size and 
cost, etc. Even in the steam-engine or 
steam-turbine, 60 per cent. or more of the 
available energy of the steam as it issues 
from the boiler is recovered as mechani- 
cal work. 

In the production of light, the efficiency 
of the incandescent lamp is measured by 
a fraction of one per cent., and if we 
should succeed in increasing the efficiency 
of light production tenfold—get ten times 
as much light as we get now from the same 
power—the efficiency of production of light 
would still be ridiculously low; and even 
with a hundred times its present efficiency, 
it probably would compare unfavorably 
with efficiencies that are familiar to us in 
other electrical apparatus. While the in- 
candescent lamp is more efficient than the 
gas-flame, or the kerosene lamp; that is, 
gives less heat with the same light, still its 
efficiency is extremely low. The main rea- 
son for this condition appears to be that in 
the incandescent lamp or the ordinary car- 
bon arc-lamp the light is really a by-prod- 
uct. that is, the lamp converts electric en- 
ergy into the heat, and only incidentally 
produces light. 


II. LIGHTING BY INCANDESCENCE. 


If energy is impressed upon a solid or a 
liquid, as by passing an electric current 
through a carbon filament, and no other 
work done, the body is heated. This energy 
must be given off again; it is given off 
partly by conduction, but largely by being 
radiated from the incandescent body. By 
increasing the power, the amount of radi- 
ation increases; and there are changes in 
the quality of the radiation too: first ap- 
pear radiations of very great wave-length 


or very low frequency, then, with the in- 
creasing power, higher frequencies appear; 
that is, the wave-length of radiation be- 
comes shorter. In other words, in ad- 
dition to the long waves which appear in 
the beginning, shorter and shorter waves 
appear: not only the total amount of radi- 
ation increases, but also the variety of 
waves increases and, ultimately at a cer- 
tain amount of heat given to the body or 
at a certain temperature, waves as short 
as 750 # # appear. These are noticeable 
to the eye as dark-red light. Then still 
shorter waves appear gradually: orange, 
yellow, green, blue, lavender, violet. Beyond 
wave-lengths of 400 “ “ the waves again 
become invisible, as so-called ultraviolet 
waves. 

Of the infinite variety of waves radiated 
by a heated body—from the long waves 
given by liquid air to the shortest ultra- 
violet waves, many octaves of wave-length 
in all—somewhat less than one octave is 
visible to the eye. These wave-lengths are 
useful as light; the rest is wasted energy. 
A parallel would be found ir the case of a 
musical instrument of six or eight or more 
octaves, producing less than one audible 
octave. To this fact is due the very low 
efficiency of light production by heat: of 
the total system of radiation only a very 
narrow range is useful, less than one oc- 
tave. 

Of these useful rays, the visible three- 
quarters of an octave, none appears until 
the temperature is fairly high. Below that, 
only the long waves appear. That means 
the average wave-length of radiation de- 
creases with the temperature. Or, with 
increase of temperature, not only the ex- 
isting waves become intense, but shorter 
and shorter waves appear, and the inten- 
sity maximum moves toward a shorter 
wave-length. With increase of tempera- 
ture, the percentage of visible radiation 
thereby becomes greater and ultimately 
reaches a maximum, or the efficiency would 
be the highest when the maximum inten- 
sity lies just within the visible octave. 
Where this maximum may be is unknown, 
but it is béyond the temperature of the 
crater of the arcs, possibly somewhere be- 
tween 4,000° and 5,000° cent. At that tem- 
perature the efficiency of the incandescent 
light is a maximum, and probably from 
one-quarter to one-half watt per candle- 
power. But even then the efficiency is not 
high, 5 to 10%, or thereabouts. It follows, 
however, that even if we could raise the 
incandescent body to the temperature of 
maximum efficiency, we would still get only 
about 5 to 10% of all the energy as light. 
The other 90% would be ultraviolet, chemi- 
cal or actinic rays, X-rays, or long heat- 
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waves. There is thus an absolute limit to 
efficiency of lighting by incandescence. 

The higher the temperature the greater 
the light efficiency of an incandescent body. 
Carbon is apparently the most refractory 
of all substances—its boiling point being 
somewhere near 3,500° cent., so an incan- 
descent body, at the highest possible tem- 
perature and the incandescent crater of the 
carbon are are the most efficient sources of 
light by incandescence. They are still 
somewhat below the temperature of the 
efficiency maximum. 

Incandescent lighting is effected by the 
electric current, either by raising the tem- 
perature of the light-giving solid body, a 
lamp filament, by passing a current through 
it, or by passing the current from it into 
another body. In the latter case the tem- 
perature of the boiling point of the ma- 
terial is reached, and the crater of the car- 
bon arc lamp is at the highest temperature 
which can be reached; gives it an incan- 
descent light of maximum efficiency, prob- 
ablv not very far from half a watt per 
candle-power. But the large amount of 
energy, which is conducted away by air 
currents, etc., greatly reduces the actual 
efficiency of the carbon arc below this 
value. 

When producing light by passing an 
electric current through the conductor, as 
in the incandescent lamp, no such efficiency 
can be reached. Here carbon is also chief- 
ly used. The higher the temperature of 
the incandescent-lamp filament, the greater 
is the efficiency; but the limit of the tem- 
perature is not the boiling-point of carbon, 
3,500° cent., but far below that; it is the 
temperature where evaporation of the fila- 
ment becomes so rapid as to limit its life 
below economical requirements. This is 
probably not very far from’ 1,800° cent. 
Far below the boiling point, evaporation 
takes place: water evaporates at ordinary 
temperatures; even below the freezing 
point snow and ice evaporate very notice- 
ably. An incandescent carbon filament 
evaporates, thereby decreasing in  cross- 
section, and increasing in resistance; the 
current decreases, therefore the temperature 
decreases and with the temperature the 
efficiency decreases. As the condensed 
carbon vapor blackens the globe and ob- 
structs the light, another decrease of light 
results from absorption. Thus efficiency 
has to be sacrificed in the incandescent 
lamp to get good life, and the specific con- 
sumption of electric power, instead of be- 
ing one watt per candle-power (as in the 
case of the arc lamp) becomes as high as 
four watts per candle-power. 


The arc, then, is the more efficient il- 
luminant. But its efficiency is still low, 
and here there has been a similar result; 
to increase the life, the efficiency has been 
decreased by enclosing the carbon arc, in 


the present long-burning lamp. Increasing 
the efficiency of the arc by reducing the 
conduction of heat by a decrease of the 
diameter of the carbon has also been tried, 
with the same result—exchanging efficien- 
cy for life. 

In the incandescent lamp, the problem 
of increasing the efficiency can be attacked 
in two ways. One way is to replace the 
carbon by a material which has a lower 
vapor-tension at high temperature. While 
carbon has the highest boiling point, it is 
not the boiling point which is of im- 
portance in a lamp filament, provided that 
this point is sufficiently high—it is the 
vapor-tension, far below this point. 

For instance, the metals osmium, tantal- 
um, wolfram (tungsten) have a lower 
melting point or boiling point than carbon, 
but they have at the same high temperature, 
a lower vapor-tension, due possibly to the 
much greater atomic weight and so much 
heaviness per molecule (atomic weight of 
carbon; [2; “osmitim, 101; tantalum, 1645 
wolfram, 184). These metals can be 
operated at a higher temperature than car- 
bon, and as lamp filaments they give a 
much greater efficiency than the carbon 
hlament. 

The efficiency of the incandescent lamp 
can be improved by replacing the carbon 
filament with a material which has a lower 
vapor-tension, and a sufficiently high melt- 


ing point. Tantalum, osmium, wolfram, or 
tungsten as materials for incandescent 
lamp filaments, promise to revolutionize 


the incandescent lamp, by holding out fair 
promise of an ultimate efficiency of about 
2 watts per mean spherical candle-power 
for tantalum, I.5 watts for osmium, and I 
watt per mean spherical candle-power for 
wolfram—compared with about four watts 
per mean spherical candle-power for the 
carbon-filament lamp. The objection to 
these metal filaments obviously is the low 
resistivity inherent to metals, which res- 
tricts their use to relatively larger units 
or at least makes difficult the production 
of low candle-power sizes. 


Another way of improving the efficiency 
of the incandescent lamp is by improving 
the carbon. The vapor-tension depends 
not only on the chemical constitution, but 
also on the physical structure. Ice evapor- 
ates very much slower than a mass of 
loose snow. Furthermore, it is possible to 
produce different forms, possibly  allo- 
tropic modifications of carbon, of differ- 
ent rates of self-destruction. The product 
of carbonization of fibre or cellulose can 
not be run at as high a temperature with 
the same length of life, as can carbon de- 
posited from hydrocarbons, as benzol or 
benzine, by high temperature. Experi- 
ments with carbon at very high tempera- 
tures show probably greater variations in 
the character of carbon, than with any 
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other material. Possibly this is due to the 
tendency which the carbon atom has more 
than any other atom, of polymerization, 
and especially ring formation, which re- 
sults in the formation of allotropic modi- 
fications of carbon, having the greater sta- 
bility of such polymerized molecules. So 
at the boiling point of carbon, the carbon 
deposited from hydrocarbons converts, un- 
der the influence of atoms which can enter 
and leave the carbon chain, into an allo- 
tropic modification having pronounced me- 
tallic characteristics, as elasticity, a positive 
temperature coefficient of resistance, etc., 
and very great stability, so that as a lamp 
filament this form of carbon can be run up 
to a considerably higher efficiency, in the 
so-called “metalized filament.” 


III. SELECTIVE RADIATION OF SOLIDS. 


Most incandescent bodies give the same, 
or approximately the same law of radiation, 
that of the so-called “black body”; that is, 
at the same temperature the intensity of 
radiation varies with the wave-length or 
frecuerncy in the same manner, somewhat 
similar to that shown by Curve I, Fig. 1,* 
with a maximum at a certain wave-length. 
At higher temperature, Curve II’, a similar 
intensity curve exists, with the maximum 
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at shorter wave-length, or higher  fre- 
quency, so that the intensity within the 
visible range, shown shaded in Fig. 1, is a 
higher percentage of the total radiation; 
that is, the efficiency of light production is 
higher. 


If, however, a body could be found 
which at the temperature corresponding to 
Curve I, gives an abnormally low radiation 
outside of the visible range, as illustrated 
by Curve ILI, or which with normal radi- 
ation in the invisible range gives an ab- 
normally high radiation in the visible 
range, as illustrated by Curve IV, then in 
either case the visible radiation would be a 
greater percentage of the total radiation 
than corresponds to the temperature; that 
is, the efficiency of light production would 
be higher than that of a black body at the 
same temperature. ‘Theoretically such a 
body with selective radiation might give 
an efficiency higher than the absolute 
maximum of light efficiency of black-body 
radiation. 


Either of the two cases; abnormally high 
radiation in the visible, and abnormally low 
radiation in the invisible range, may give 
the same shape of intensity curve, the only 
difference being that in the first case the 
total radiation per unit surface is higher, 
in the last case lower than that of a black 
body at the same temperature. That is, 
with the same amount of light radiation 
and the same efficiency, in the last case the 
radiating surface is greater than in the first 
case, and this may give a criterion to de- 
cide between the two alternatives. 


With such selective radiation, there is a 
distribution of intensity throughout the 
visible range and so the color of the light 
may differ from that of an incandescent 
body. With abnormally high radiation in 
the visible range, the increase of intensity 
is probably greatest in the middle of the 
visible spectrum; with abnormally low 
radiation in the invisible, the decrease of 
intensity is least in the center of the visible 
spectrum. In either case the tendency is 
towards preponderance of the wave- 
lengths in the middle of the visible spec- 
trum; that is, the greenish-yellow, as 
characteristic of such selective radiation, 
and apparent in the Welsbach mantle. 
Typical of such selective radiation is the 
lime cylinder of the calcium light, and 
possibly the flame of burning magnesium. 

With gas as illuminant, a very great in- 
crease of efficiency has resulted from the 
use of selective radiation; as found in the 
Welsbach mantle. 

In electric lighting, the Nernst lamp 
probably represents in the first attempt, on 
a large scale, of improving the efficiency 
of light production by selective radiation. 
It has not been as successful as in gas 
lighting, since the efficiency of the Nernst 
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lamp does not differ much from that of 
the carbon incandescent lamp, while 
the efficiency of the Welsbach mantle 
is many times higher than that of the 
ordinary gas flame. The reason probably 
is that with a very inefficient illuminant, as 
the gas flame, the additional light given by 
selective radiation may increase the total 
light several fold, while the same amount of 
additional selective radiation with a_rela- 
tively far more efficient illuminant, as the 
incandescent lamp, is a far lower percent- 
age of the total visible radiation. Or, to 
illustrate, the additional shaded area be- 
tween the dotted and the drawn line in 
Curve IV, Fig. 1, increases the efficiency 
threefold, while the same additional area, 
added to the shaded area of Curve II, 
would not materially increase the efficiency. 
That is, the increase of efficiency by selec- 
tive radiation of an incandescent body 
becomes less with a more efficient illumin- 
ant, and selective radiation may greatly 
increase the efficiency of inefficient illumin- 
ants, but not so much that of efficient illu- 
minants, so that the hope of very greatly 
increasing the efficiency of light produc- 
tion by selective radiation of solids does 
not appear very strong. However, some of 
the recent very efficient incandescent-lamp 
filaments, as tungsten and osmium, may owe 
their high efficiency partly to selective radi- 
ation; that is, they, give light not only by 
incandescence, but also by luminescence. 


IV. ELECTROLUMINESCENCE OF VAPORS AND 
GASES. 


The problem of efficient light production 
consists of producing radiations; that is, 
vibrations of the molecules or atoms of the 
light-giving body, of frequencies within a 
limited narrow range, that of a visible 
radiation, and as few vibrations as possi- 
ble outside of this range. When heating a 
solid body, the energy put into it as heat 
sets the molecules or atoms in motion, in 
vibration. Where they are close together, 
as in a solid or liquid, they cannot vibrate 
freely; each cannot have a period of its 
own. Just as all the different grains in a 
sand heap can not vibrate simultaneously 
as do the molecules of a tuning fork, and 
the vibration is irregular, All you can get 
is a mixture of all kinds of vibrations, not 
a tune, but a noise. To get a tune requires 
a body which can vibrate freely without 
restraint; that means a gas; as the gas 
molecules are free, they can execute free 
vibration. A vibration of a definite pitch, 
definite frequency, that is definite color of 
light can be produced only in a gas or 
vapor. But when heating a gas or vapor, 
the energy put into it appears not as vi- 
bration of the molecules, except perhaps in- 
directly at extremely high temperature, but 
as rectilinear motion or pressure. The 
molecules move faster in their rectilinear 


paths, and so strike the boundary at higher 
velocity; the pressure of the gas rises by 
increasing molecular velocity, that is, in- 
creasing temperature, but the vibration of 
the light radiation does not appear. So 
heat, while making a solid or liquid incan- 
descent, does not make a gas incandescent 
or luminous but merely increases its pres- 
sure. 

There are methods, however, of setting 
the gas molecules in vibration. By chemi- 
cal reaction or electric stress, gases become 
luminescent; that is, the molecules of the 
gas are set in vibration. For instance, if 
the gas is used as a conductor of electric 
current, then the molecules of the gas are 
set in vibration, and we find a definite 
period of vibration, or a number of periods 
or frequencies, in which the gas molecules 
or atoms can vibrate; that is, gases give 
line spectra. So in a mercury arc, the 
molecules vibrate not as those of a solid 
body, but onlv with a small number of 
wave-lengths. Many of these are within 
the visible range, within the fraction of an 
octave which is seen by the eye: one is of 
a greenish-yellow; another wave is green; 
another is dark-green; another is blue. 
Two vibrations appear as violet, and num- 
erous vibrations excited by the mercury arc 
are, in the ultraviolet, very short. 

Here results a definite rate of vibration, 
practically independent of the temperature. 
The mercury vapor vibrates at that fre- 
quency which gives that particular yellow 
light, and that particular green light, etc., 
whether the temperature is high or low, 
and the wave-length does not change as it 
does with the radiation of a solid incan- 
descent body; it is fixed by the nature of 
the molecule, so that the temperature has 
no direct effect. It has an indirect effect 
in so far as at higher temperature, periods 
of vibrations may become more prominent, 
while small, or almost non-existing, at low 
temperatures. For instance, in mercury 
vapor the lowest frequency is that giving 
the greenish-yellow line, but no appre- 
ciable amount of vibration is so slow as to 
give red light at ordinary temperature. 
When you raise the temperature very high 
(but still below the temperature of the in- 
candescent-lamp filament) then the mercury 
molecule begins to execute a slow vibra- 
tion, which gives an intense red light, and 
red lines appear in the mercury arc; with 
increasing temperature it gradually changes 
its color from green to white to red. Here 
we have a particularly interesting illustra- 
tion that for luminescent vapors or gases 
the law of the black-body radiation does 
not apply. In a solid black body, with in- 
creasing temperature, the mean wave- 
length decreases, shorter waves appear, 
and the light changes from the red over 
yellow toward white. Now it happens that 
with mercury vapor at the higher tempera- 
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ture, a slower vibration, or longer wave, 
of red light, increases in intensity faster 
than the short vibrations, and the light 
changes from green to white and ultimately 
to reddish-pink at high temperature. It is 
a mere incident, but is shows that tem- 
perature has no effect directly, only in- 
directly, in that particular rates of vibra- 
tion may appear with change of tempera- 
ture, may become more or less prominent, 
depending on the material which lumines- 
ces, 

As a rule, then, it can be said that such 
an arc or a luminescent gas or vapor is 
more efficient as a producer of light, the 
lower the temperature. This is just the 
reverse of the solid incandescent body. In 
a solid body the higher the temperature 
the larger a percentage of radiation is with- 
in the visible range, and the higher the 
efficiency. In a gas or vapor, a certain 
definite vibration is impressed directly by 
the electric energy or the chemical energy 
which sets up the oscillation; the heat which 
is produced is incidental, is a by-product 
and therefore a waste. The lower the 
temperature the less waste of energy takes 
place as heat, and the more efficient is the 
luminescent gas. With a luminescent gas 
the heat is a by-product which we want to 
decrease just as in an electric motor or 
generator; that is, the lower the tempera- 
ture the better. This is one reason why the 
mercury arc is extremely efficient; it has 
the lowest 'temperature. 

Theoretically, there is no limit to the 
efficiency of a luminescent vapor. A vapor 
may be imagined which vibrates only with 
one particular wave length, say a yellow 
line. That means all the energy put into 
it must be radiated at that particular wave- 
length, as yellow light, and therefore the 
conversion of electric energy into light 
would be 100 per cent., not counting the 
energy lost by heat convection or conduc- 
tion. The latter can be made very small 
by enclosure in a vacuum. Complete con- 
version of electric power into light would 
so result, if all the spectrum lines were 
within the visible range. That is never the 
case. There is no definite law giving the 
percentage of energy which appears as 
radiation in the visible spectrum, and 
which appears outside of the visible range 
as ultrared and ultraviolet lines; but the 
position of the lines in the spectrum is an 
individual characteristic of the gas or 
vapor. The problem of efficient light pro- 
duction is to find a material having most 
lines in the visible range of the spectrum. 

With mercury vapor which is set in vi- 
bration by the current, a very high per- 
centage of the total energy is radiated in 
the visible range. With carbon vapor, the 
percentage of energy radiated in the visible 
range is extremely small. The carbon arc 
is extremely low in efficiency, practically 


non-luminous. Silicon also gives a prac- 
tically non-luminous arc. Others, like cal- 
cium, titanium, etc., give a very high per- 
centage of light within the visible range, 
and so a high efficiency of light production. 

The color of light produced by incan- 
desence varies from reddish-yellow at low 


temperature to yellow, and approaches 
yellowish-white at higher temperature. 
Selective radiation of solids tends to 


superpose hereon a preponderance of green- 
ish-yellow rays, without, however, greatly 
changing the color. With electrolumines- 
cence of vapors and gases, however, the 
color of the light depends on which of the 
spectrum lines happen to be most promi- 
nent. 

Electroluminescence makes it possible to 
produce light of any color. This, however, 
greatly complicates the question of ef- 
ficiency. As efficiency can no longer be 
considered the ratio of the power radiated 
within the visible range to the total power 
input, since the different parts of the visible 
spectrum have entirely different energy- 
equivalents: one candle-power of red light, 
or of violet light, represents many times 
more power which issues as radiation, than 
one candle-power of green or of yellow 
light. That is, the light-equivalent of 
power is a function of the wave-length. It 
is obviously zero in the ultrared; it is very 
low in the dark-red; and gradually rises 
to a maximum in the yellow and green, 
and then decreases again, becoming very 
low in the violet and zero in the ultra- 
violet. One candle-power per watt as red 
light or as violet light may therefore rep- 
resent a fairly high efficiency, while Io 
candle-power per watt, with green or yel- 
low light, would be a far lower efficiency. 
That is, the energy radiated in a beam of 
one candle-power red light probably is 
greater than the energy of a beam of I0 
candle-power of green light. 

This feature explains the impossibility 
of determining efficiencies of light by the 
measurement of physical quantities. Light 
is the physiological conception of some 
wave-lengths of radiation, but no physical 
quantity. 

Where high economy of light production 
is the only, or the foremost consideration, 
spectra in which green or yellow prepon- 
derates are therefore selected; for instance 
as mercury, bluish-green in the mercury arc 
lamp—or calcium—yellow, in the flame car- 
bon lamp. These two illuminants give 
high efficiency, but they give it by sacrific- 
ing the inefficient colors at the end of the 
visible range. But, unfortunately, the sun, 
as an incandescent body, gives the light 
of solids or liquids, and therefore gives all 
the radiations, with the red end of the 
spectrum specially prominent and, since we 
call the sun white, the light from the mer- 
cury arc appears green, that of the flame 
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carbon arc yellow; not the yellow of the 
incandescent lamp, but a pronounced mono- 
chromatic hue. 

The mercury arc and the flame carbon 
are are useful for cheap lighting, regardless 
of color. They also find an application for 
special effects due to their color. So the 
mercury arc is eminently suited for out- 
door lighting in suburban districts where 
its effect on foliage and snow makes it 
superior to illuminants containing red rays 
and so intensifying the appearance of in- 
cipient death in the vegetation, and where 
the intrinsic brilliancy of illumination can 
be kept sufficiently low as not to show the 
objectionable effect of monochromatic 
light. The flame carbon arc finds its field 
in advertising, where its intense glare 
makes it especially suitable. 

For general illumination, however, at 
least in this country, people have become 
educated to require as close an approach to 
daylight as possible; that is, to require 
white light. The problem, then, is to find 
a vapor which gives spectrum lines over 
the whole visible range, distributed approxi- 
mately in the same manner as the intensity 
in the solar spectrum, and giving as few 
lines as possible outside of the visible 
spectrum. 

A spectrum giving spectrum lines wuni- 
formly distributed in their intensity over 
the whole visible range, should not give 
white, but a pronounced green light, due to 
the higher physiological effect of the radi- 
ations in the middle of the spectrum. By 
the law of probability, amongst the spectra 
of the chemical elements, the predominant 
intensity of radiation should be found just 
as often in_.one wave-length as in any 
other. Physiologically, therefore, green 
should predominate in the colors of metal 
snectra. . To a certain éxtent this is true. 
Red metal spectra are rare, green most 
prominent. Bluish metal spectra, however, 
are much more frequent than should be ex- 
pected by probability, and it therefore 
seems that in molecular vibrations of va- 
pors, shorter wave-lengths or higher fre- 
quencies predominate. This may be due to 
the size and mass of the molecules being 
such as to have a mean frequency of oscil- 
lation higher than the average frequency of 
visible light. 


V. VACUUM-TUBE ILLUMINATION. 


Conduction through vapors can be of two 
distinctly different characters: spark or 
Geissler tube conduction, and are conduc- 
tion. Vapors or gases can be divided into 
two classes: conducting vapors, and non- 
conducting vapors. The conducting vapors 
are all of very high resistance. Hydrogen 
or air may be called a conducting gas, be- 
cause a current can be passed through it, 
especially at a moderately high vacuum, as 


in the Geissler tube, which is nothing more 
than a tube containing the gas used as.a 


‘conductor, at a few millimetres pressure. 


At this pressure, air becomes a fairly good 
conductor, but the resistance is very high 
compared with the resistance of conduct- 
ing solids or liquid. The passage of cur- 
rent through the conducting gas of the 
Geissler tube produces light, by some form 
of luminescence. 

The mechanism of this light production 
does not seem to be known, but the light 
seems to be somewhat of the character of 
a by-product. The Geissler tube is ex- 
tremely efficient when operated with an al- 
ternating current of very high frequency. 
With decrease of frequency, its efficiency 
decreases and heat is produced; that is, the 
frequency of radiation from the Geissler 
tuve seems to vary with the frequency of 
the impressed alternating electromotive 
force, and have its intensity maximum near 
the visible range only at very high fre- 
quency currents. The production of light 
in the Geissler tube therefore seems to be 
connected in some way with the change of 
electric stress. It is not dependent upon 
it, because even with a steady current the 
Geissler tube gives light, but its efficiency 
of light production vastly increases, and 
the energy is converted more into hght and 
less into heat, with increasing frequency. 
Herein seems to lie the great difficulty in 
this method of producing light by using 
conducting gases at low pressure. 

Considerable work has been done in this 
direction by able investigators, and with 
some success. The Geissler tube gives a 
very nice light; and by using a suitable 
gas it can be made to give any color, only 
the intrinsic brilliancy is very low. Very 
large tube surfaces must therefore be used 
for illumination, of a magnitude probably 
a hundred times as large as with the mer- 
cury arc, which latter is already recognized 
as a luminous source of low intrinsic bril- 
liancy. In the last years, even with a fre- 
quency of 60 cycles, good efficiencies seem to 
have been reached. I do not believe it pos- 
sible, however, to approach the magnitude of 
efficiency as given by the mercury, calcium, 
of titanium spectrum. 


Vile DEAR C. 


In the Geissler tube the current is carried 
bv the gas or vapor which fills the space 
between the electrodes. The conduction is. 
disruptive in character, or a spark dis- 
charge; that is, a minimum voltage is re- 
quired. Below this voltage, no conduction 
takes place; above it the current passes, 
with the appearance of luminescence; and 
if the voltage falls below the minimum 
value required to start conduction, the cur- 
rent again ceases. The material of the 
electrodes has no direct effect, but the 
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spectrum is that of the gas between the 
electrodes. The character of the current 
also seems to have no direct effect; alter- 
nating current passes at about the same 
- voltage as direct current. ° 

An entirely different set of phenomena is 

met in are conduction. The electric arc 
makes its own conductor. That is, the cur- 
rent is carried across the gap between the 
electrodes by a vapor-bridge, produced by 
the current from the material of the nega- 
tive electrode and maintained by the cur- 
rent as a high-velocity vapor-stream issu- 
ing from the negative towards the positive, 
and more or less surrounding the positive 
terminal. The spectrum of the arc, there- 
fore, is that of the negative terminal, but 
independent of the gas or vapor filling the 
space around it, or of the material of the 
positive terminal, except indirectly by the 
effect of heat, etc. 
_ The continuous production of the vapor- 
stream requires power in raising the nega- 
tive material to the boiling point, evaporat- 
ing it, and producing its rectilinear ve- 
locity. This power must be supplied by the 
electric circuit, as a potential drop at the 
are terminals, independent of the length of 
the arc, and of the current—if the volume 
of the vapor-stream is assumed as pro- 
portional to the current, which seems to be 
the case. This potential drop, eo, may be 
called the counter electromotive force of 
the arc. 

The temperature of the arc-stream, ~at 
constant pressure in the surrounding space, 
must be constant, that of the boiling point 
of the material of the negative terminal. 
The power radiated per unit surface may 
therefore be also assumed as constant, and 
the total power radiated, and therefore the 
power consumed in the arc stream, as pro- 
portional to its surface; that is, to the pro- 
duct of length by diameter. Since the sec- 
tion of the arc-stream can be assumed as 
proportional to the current, it follows that 
the voltage consumed by the arc-stream is 
inversely proportioned to the square root of 
the current, and approximately proportional 
to the arc-length, or, when allowing for the 
abstraction of energy from the arc-stream 
by the terminals, proportional to the arc- 
length plus a small constant quantity. 

This gives the theoretical volt-ampere 
equation of the arc: 


a(1+c) 
Vi 





@ = @o + 


Giving the arc length 1 in inches, numeri- 
cal values of this equation are: 


Carbon Arc: 


om 


130 (1+0 .33) 


Vi 


eo=> 36+ 





Magnetite Arc: 
123 (1+0 .05) 
Vi 
With zinc or cadmium the counter elec- 
tromotive force of the arc is: 
éo9 = 16 volts; with mercury, e¢y)=13 volts. 


C=O 
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In Figs. 2 and 3 are given characteristic 
curves for these arcs, for 2, 4, 8, 160 am- 
peres, drawn from above equations with 
the values observed by test marked by 
crosses, As seen, the agreement of the 
calculated curves with test is as close as 
can be expected from an approximate for- 
mula, with the exception of the carbon arc, 
in which the agreement is least close. In 
the carbon arc, for short arc-lengths the 
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curves leave the straight lines and slope 
down toward a value of about 28 volts at 
zero arc-length. Separating two carbon 
electrodes from each other and observing 
the voltage at the moment when the car- 
bons leave immediate contact with each 
other and the voltage suddenly rises, or 
observing the voltage immediately before 
the carbons, when shortening the arc, 
come in contact and the voltage suddenly 
drops, also gives values around 28 volts. 
This in connection with the high value of 
the constant c = 0.33”. lookseas ifjin =the 
carbon arc the seat of the counter electro- 
motive force é is not the immediate sur- 
face of the terminalspebut ae partnomrce 
about 8 volts, residing in the space sur- 
rounding the electrodes. This phenomenon 
may, however, be explained also by energy 
transfer from the hot crater of the positive 
terminal to the negative terminal at a short 
arc-length. 

For very low currents, where the arc- 
stream gets very thin and unsteady, and 
abnormally high energy losses may be ex- 
pected, the above equations give small val- 
ues; that is, the observed arc-voltage is 
higher than the calculated, especially with 
long arcs. So for the magnetic arc of one 
ampere, we find: 


PUATC-lenOtiie Meenas ce 1-8 in, I-2in. I in. 
Observed voltage ..... 58 108 184 
Calculated voltage ....51.5 97.5 159 


These equations obviously apply to the arc 
at constant pressure, as an arc in air, in 
which the arc-section varies with the cur- 
rent.. | Hor vane Ate ols constant acsee= 
tion, in which therefore the pressure and 
the temperature varies with the current, 
as the mercury arc in a vacuum, by similar 
considerations an approximate volt-ampere 





characteristic 1s found; © This: is for. the 
mercury arc: 
Ju 
foe eas 1.3 a? 


1.68 d — 0.06614 — 





with non-volatile positive terminal, and: 


I 





@é=13+ 2 
1.68 d—o.114% — a 
with mercury anode.* 
where: 1 = arc-length, 
d = arc-diameter, in inches. 


From the character of arc-conduction— 
that the current makes its own conductor— 
it follows that the arc must be started; 
that is, the vapor-bridge which carries the 





*The effect of the anode material on the arc 
characteristic is indirect. In the case of the 
mercury anode the heat produced at the anode 
causes evaporation, and increases the vapor 
pressure above that existing with a graphite or 
iron anode. 


current must first be produced by the ex- 
penditure of energy before the current can 
flow. This can be done in many ways: 
by bringing the terminals in contact with 
each other and so starting the current, 
and then by withdrawing the terminals 
from each other to form the arc-stream by 
the current; or by jumping an electrostatic 
spark across the gap and so starting con- 
duction. 

It also follows that the arc is a direct- 
current phenomenon, and in general can 
not exist with an alternating current. With 
an alternating electromotive force at the 
end of the half-wave, the current dies out 
and therefore also the vapor-stream; and 
the next half-wave, to pass in opposite di- 
rection, requires a vapor-stream moving in 
the opposite direction. This does not exist, 
anu the current does not pass; but the arc 
dies out at the end of the half-wave, ex- 
cept if the supply voltage is sufficiently 
high to jump a spark across the terminals 
at every half-wave, through the residual 
vapor left by the preceding half-wave. An 
alternating arc, therefore, must be at every 
half wave in the condition for starting by 
a spark. Stroboscopic photographs with 
metal arcs show this phenomenon: a 
sharply defined static spark at every half 
wave, gradually spreading out to the more 
diffuse arc-flame and then dying out at the 
end of the half-wave, to start again by a 
spark at the next half-wave. 

The voltage required to maintain the 
vapor-stream; that is, the voltage consumed 
by a direct-current arc, as discussed above, 
increases with increase of the arc-tempera- 
ture; that is, increase of the boiling point 
of the terminal material. It is lowest 
for the mercury arc, highest for the carbon 
arc. For a %-in. arc it is shown approxi- 
mately by Curve I in Fig. 4, with the tem- 
perature as abscissas. The voltage required 
to jump a spark across the gap between 
terminals, shown roughly by Curve II in 
Fig. 4,* decreases with increasing tempera- 
ture, as is well known, and _ intersects 
Curve I at some temperature, A, probably 
scmewhere between 2,500° and 3,000° cent. 
Above this temperature, the spark-voltage 
is below the arc-voltage, and a voltage suf- 
ficiently high to maintain an arc is there- 
fore sufficiently high to start it again at 
each half-wave of alternating electromotive 
force. That is, materials as arc terminals, 
which have a boiling point above the tem- 
perature of intersection A of Fig. 4, main- 
tain a steady alternating-current arc at 
about the same voltage as a direct-current 
arc; while materials with a lower boiling 





*This curve is only estimated, and so can make 
no claim to numerical accuracy. Curves I and II, 
the arc- and the spark-curve, are shown once more 
in % scale (left-side ordinates) in dotted lines, 
and the lower part of II once more, in 1-25 scale, 
Ase lieein tones: 
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point than A require a higher voltage, us- 
ually very many times higher, to maintain 
an alternating, than a direct-current arc. 
It must be considered, however, that the 
temperature of the boiling point, while be- 
ing the foremost factor, is not the only 
factor in determining the position of a ma- 
terialson Curves I-and II, Fig: 4: Indi- 
vidual characteristics somewhat modify the 
position. 

Where therefore spark-gap terminals are 
desired not to maintain an alternating arc, 
as for lightning-arrester cylinders, they are 
found on the lower range of the curve: 
mercury, cadmium, zinc, antimony, bismuth, 
—the so-called “non-arcing metals.”” Where 
electrodes for alternating-current arc light- 
ing are required, they are found at the 
unper end, above A. In this range belong 
carbon and most carbides, as those of cal- 
cium and titanium. Even carbon shows the 
phenomenon of restarting at every half- 
wave, by a high peak at the beginning of 
the electromotive force wave, as shown first 
b- Tobey and Walbridge, in a paper on al- 
ternating-current arc waves.* With in- 
creasing approach to A, this peak at the 
beginning of the electromotive force in- 
creases in height, and the power-factor of 
the circuit tends to decrease, by wave-shape 
distortion. Immediately below the inter- 
section point A are found very refractory 
metals as tungsten, and metaloxides, as 
those of titanium, etc. 


*Transactions A. I. E. E., 1890, Vol. 7, p. 367. 





The range of voltage between Curves I 
and II in Fig. 4 is the range in which recti- 
fication takes place. That is, by maintain- 
ing the vapor-stream issuing continuously 
from one terminal, by an outside source, or 
by the overlap of several arcs, the alter- 
nating electromotive force can pass a cur- 
rent in one direction only, and so is recti- 
fied. In this range, the arc-stream is an 
unidirectional conductor, of very low re- 
sistance in one direction, of practically in- 
finite resistance in the opposite direction. 

The voltage range of rectification, then, 
is highest at the lower end of the curve, 
and decreases gradually to zero at the 
point A. With the first members of the 
group, the upper limit of the rectification 
range is somewhat cut down by the dis- 
ruptive strength of the air surrounding the 
arc-stream, being lower than that of the 
arc-stream, and so passing a static spark 
outside of the arc-stream, or, with a 
vacuum-tube arc, by a Geissler tube dis- 
charge through the residual gas. In the 
latter case the maximum voltage which can 
be rectified depends upon, and measures 
the perfection of evacuation. Such Geissler 
tube discharge curves are sketched roughly, 
in dotted lines, as III, IIT in Fig. 4. 

While vapors like mercury, zinc, etc., are 
very good conductors when in motion under 
the influence of the current, of a conduc- 
tivity comparable with that of electrolytes; 
when not under the influence of the cur- 
rent they are almost perfect insulators, and 
sa can be distinguished from the so-called 
“conducting gases,” as hydrogen, air, etc., 
as “non-conducting vapors.” Low-tempera- 
ture metal vapors thus are non-conduc- 
tors. 


VII. THE ARC AS AN ILLUMINANT. 


The spectrum of the arc is that of the 
negative material; its temperature that of 
the boiling point of the negative. There 
are, however, some apparent exceptions. 
For instance, the arc-stream can be super- 
heated by using a high-frequency oscillating 
current of sufficiently high voltage to main- 
tain an alternating arc, and a frequency so 
high that a sufficient vapor-stream can not 
be formed during the half-wave. In this 
case, groups of spectrum lines frequently 
become prominent, which are insignificant 
with saturated vapor: the mercury arc be- 
comes bright-red in color; the iron arc 
loses most of its brilliancy, but gives a great 
quantity of intense ultraviolet rays, etc. 
Likewise, the spectrum of the positive, or 
a constituent of the positive terminal, can 
be made to appear in the arc. 

The tip of the positive is heated to the 
temperature of the vapor-stream, in the 
carbon arc the temperature of boiling car- 
bon. If the positive terminal consists of, 
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or contains some material which boils be- 
low the temperature of the vapor-stream, 
then it will evaporate out of the positive, 
and may thus enter the arc-stream. For 
instance, in a carbon arc, or arc with car- 
bon as negative, if a carbon is used 
as positive, impregnated with calcium 
fluoride or borate, which has a relatively 
low boiling point, then the calcium vapor 
enters the arc-stream and is thereby heated 
to the temperature of the carbon arc. It 
becomes luminescent, whether directly by 
heat, or indirectly by chemical dissociation, 
or otherwise, need not be considered here. 
So the efficiency of a carbon arc can be 
increased by feeding into the arc-flame the 
vapor of some material which gives a bril- 
liant spectrum—as calcium, which gives a 
yellow light of very great brilliancy. It 
is fed into the arc by the positive terminal, 
because this is the hottest, and the efficiency 
depends entirely on the temperature of the 
positive. If the positive is very large, so 
as to keep cool and consumes slowly, the 
efficiency decreases, because it is produced 
only indirectly by material being evapor- 
ated from the positive and then as vapor 
entering the arc-stream. Therefore a high 
temperature and rapid consumption of the 
positive are necessary. 

It is entirely different with the true lumin- 
ous arc, which carries the light-giving ma- 
terial into the arc-flame by the electric cur- 
rent, as the vapor-blast, which carries the 
current. The carbon as negative material is 
objectionable, since it gives the non-lumin- 
ous carbon arc. Iron appears to be a very 
suitable material, since it gives a spectrum 
extending over the whole visible range. It 
produces practically a white light. The 
positive can then be maintained cold with- 
out affecting the brilliancy or efficiency of 
the arc. The negative can also be cooled 
without appreciable effect on the efficiency, 
since the current still produces the vapor- 
blast from it, and so the light. If cooled 
too much the voltage in the arc may rise a 
little, because it requires more energy to 
produce the iron vapor from the cool nega- 
tive than from the hot negative, but still 
the efficiency is not much affected. 

There are, then,-two distinct ways. of 
producing luminescence of the arc: first, 
directly by using some material as nega- 
tive which gives a luminous spectrum; that 
is, a spectrum with many lines in the vis- 
ible range, preferably covering the whole 
range, to get white light; secondly, indi- 
rectly by using some material to carry the 
current which gives a very high tempera- 
ture to the arc-stream—which means prac- 
tically carbon—and making the arc-stream 
luminous by feeding some light-giving sub- 
stance into the arc from the positivve ter- 
minal. In the former case the arc has 
the characteristic of the iron arc or titan- 
ium arc, whatever material is used; in the 


latter case, it has the characteristic of the 
carbon arc. 

Since the carbon arc is the steadiest arc, 
the most work has been done in the latter 
direction. The former method, of feeding 
the luminescent material by the current 
from the negative material, has the advan- 
tage, however, that the efficiency does not 
depend on the temperature of the elec- 
trodes: the rate of consumption of the nega- 
tive electrode can thus be greatly decreased 
by maintaining it at low temperature, 
while the positive electrode, which takes no 
part in the arc conduction, can be made 
entirely non-consuming. This method 
seems to be a more direct conversion of 
electric power into light. 

These two forms of an arc have come 
into prominence recently the flame carbon 
arc and the metal compound arc; that is, 
an arc in which carbon is not used, but 
some other material which gives a lumin- 
ous spectrum, as iron or titanium. In the 
former case the characteristics are those of 
the carbon arc. All the materials which 
can be used to increase the efficiency of the 
carbon arc—calcium compounds are used 
almost exclusively—deposit as solids after 
passing through the arc-flame, and there- 
fore ventilation must be provided to carry 
off the smoke; that is, the arc must be a 
so-calleds “open ior “bilrnine. ear ie 
life of the electrodes is about to hours. 
Flame carbon arcs therefore have short-life 
electrodes, though their efficiency is high. 
Again, efficiency has to be balanced against 
life, or decreased cost of power against in- 
creased cost of electrodes and attendance. 
Here in the States the short-burning arcs 
for street lighting have practically disap- 
peared. Indoors the excessive brilliancy 
and the smoke are objectionable, so that 
the flame carbon are does not offer much 
prospect for general illumination. 

More prospect of success appears to exist 
in the true luminous arc, an are using as 
negative a material giving an efficient and 
brilliant spectrum. Such material should 
give lines uniformly distributed not only in 
the green or yellow, but over the whole 
visible range, and the material should not 
be attacked in air, even at high temperature. 
The arc must be an open arc, since the 
material deposits are solid, and to get elec- 
trodes with long life, a material is_ re- 
quired which is stable at high temperature 
in the air. 

There are very many metals which give 
luminous spectra, but those which give 
white are substantially the metals of the 
iron group only—iron, titanium, wolfram, 
ete: 

Long-burning quality requires a material 
which is not affected, or only little affected 
by the air. This, in general, excludes the 
metals, but requires a stable oxide or other 
fairly stable compound, as some carbides 
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are. It should also be a conductor, since as 
arc electrode it has to carry the current. 
In the intermediate oxide of iron magnetite 
(Fe; Os), material is found which is a 
good conductor, is stable at high tempera- 
tures as well as at low temperatures and 
gives a white spectrum. In such electro- 
luminescent arc, any stable material is suit- 
able as a positive terminal. Copper is gen- 
erally used because it is cheap, is stable at 
fairly high temperature, is a very good con- 
ductor of heat, and when heated by the arc 
carries the heat away with sufficient rapid- 
ity not to melt or oxidize appreciably. In 
all these arcs the vapor stream from the 
negative is a necessity. In the mercury arc 
it is easiest of observation, because the arc 
is enclosed in a glass tube. 

The amount of vapor produced by the 
current from the negative is usually many 
times greater than necessary to carry the 
current, and most of it can be condensed 
without any appreciable change in the arc- 
stream. So also magnetite consumes at a 
much greater rate than is necessary, of an 
order of 4% gram per ampere-hour. This 
rate of evaporation is greatly reduced by 
the addition of small quantities of a ma- 
terial which is chemically not much differ- 
ent from magnetite, but is much more re- 
fractory; so that at the temperature where 
the magnetite melts this material is still 
solid and forms a kind of sponge in which 
the melted magnetite is held and its con- 
sumption greatly retarded. 


Magnetite, however, while a good con- 
ductor of the arc-stream, is not very efficient 
as a producer of light, and added thereto 
are other materials which give a very high 
efficiency, as titanium compounds. 


In the magnetite arc—as used at present, 
that is, in which the magnetite electrode 
contains titanium oxide, etc.—magnetite 1s 
essentially the carrier of the arc conduction, 
just as carbon in the yellow-flame arc; 
titanium with its highly efficient white 
spectrum takes in the magnetite arc the 
same place as calcium in the flame arc, as 
light-giving substance, but titanium is car- 
ried into the arc stream by the current from 
the negative, while calcium in the flame 
arc enters by evaporation from the posi- 
tive. 

The elimination of carbon in the magne- 
tite arc excludes combustion, and this in- 
creases the life of electrodes to about 
twenty times that of carbon electrodes 
under the same conditions; but just as with 
the carbon arc, the efficiency of the magne- 
tite arc can be varied over a wide range, 
with a corresponding variation of life in 
opposite direction. That is, by sacrificing 
some efficiency the life can be greatly in- 
creased, or the efficiency can be increased 
by somewhat reducing the life, by increas- 
ing the percentage of light-giving material: 


usually titanium oxide in the magnetite arc, 
calcium fluoride or borate in the flame car- 
bon arc. In either case, a very high per- 
centage of the light-giving material tends 
to the formation of a non-conducting slag 
at the electrode surface, and if the highest 
possible efficiencies are desired—t4 watt 
per candle-power, and better—the effect of 
the non-conducting, or poorly-conducting 
electrode surface has to be eliminated by 
starting the arc from the side of the elec- 
trode, or some other method. 

Magnetite, titanium oxide, and most 
metals or their compounds are on curve 
Fig. 4 below the intersection point 4; that 
is, do not maintain a steady alternating arc. 
For alternating arcs, therefore, one of the 
materials is required which is above point 
A in Fig. 4. In this range, there are car- 
bon, carbides, and similar compounds. 

Thus the titanium are with alternating 
current can not use tmagnetite as carrier, 
and titanium oxide as light-giving ma- 
terial; but titanium carbide is used as arc 
conductor. It obviously is not so incom- 
bustible as the oxide, but still-so much more 
stable than carbon as to be well within the 
range of long-burning arcs. 

To conclude, then, in the luminous arc 
we seem to have the first instance of a 
commercial application of a direct conver- 
sion of electric power into light, without 
heat as intermediary form of energy. It is 
not limited to very low values of efficiency. 
But so far as it seems that only the green 
mercury spectrum, the yellow calcium 
spectrum, and the white titanium spectrum 
offer an efficiency so vastly superior to that 
of incandescent solids, that as regards the 
efficiency of light production no possible 
improvement in incandescent lighting 
could hope to approach it. Typical of these 
three most efficient spectra are the mer- 
cury-arc lamp, of practically infinite life 
and bluish-green color of light; the yellow 
flame carbon arc of the short life of the 
open arc-lamp of old; and the white titani- 
um carbide or magnetite arc, of a life equal 
to or, greater than that of the enclosed car- 
bon arc. 


NEW TYPES OF INCANDESCENT 
LAMPS 
By Crayton H. SwHarp. 
Presented to the Am. Inst. of Elec. 


Engrs. Nov. 23, 1906. From the Proceed- 
Ings. 


For a number of years the standard of 
electric lighting has.been set by the carbon- 
filament lamp consuming initially 3.1-watts 
per candle-power. Progress there has been; 
but it has been chiefly in the way of minor 
improvements in the process of manufac- 
ture, rating of lamps, and in the way of a 
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more general adoption by electric com- 
panies of the 3.1 watts-per-candle lamp. 
This watt-per-candle consumption has been 
recognized as the minimum practicable un- 
der good operating conditions. Any radical 
or considerable improvement in the lamp 
itself has seemed improbable of attainment. 
The degree of improvement which has been 
made in the carbon filament lamp has been 
indicated by data given by Mr. J. T. Mar- 
shall in a paper before the Franklin Insti- 
tute*. The continuous increase in the 
effective life of incandescent lamps burned 
at 3.1-watts per candle between the years 
1888 and 1904, as given in Marshall’s paper, 
as shown in the “curve, “Hie. 417 "The 
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effective life at the present time is seen 
to be substantially two and one-half times 
as great as the life in 1888. The advent 
of the osmium lamp cannot be said to 
have altered the state of affairs materially. 
In spite of its very high efficiency and long 
life, this lamp seems precluded from 
exercising any revolutionary influence on 
lighting practice, on account of its low 
voltage and most of all by the limitations 
of the visible supply of the material of 
which the filament is composed. 

Within the last two years the situation 
has altered materially. A marked im- 
provement in the process of manufacture 
of carbon-filament lamps which has been 
announced and described by Mr. John W. 
Howell before this Institutet has resulted 
in the commercial production of lamps 
which operate on a _ 2.5-watts-per-candle 
basis instead of a 3.1-watts-per-candle 
basis. 

A German firm, going back to the class 
of materials employed in the earliest 
attempt at the manufacture of incandescent 
electric lamps, has produced a lamp with 
a wire of tantalum as the glowing body 
and with an efficiency greatly in advance 





*Journal of the Franklin Institute, 
Sepa 22s 


Asheville Convention paper, 1905. 


1905, vol. 


THE ILLUMINATING ENGINEER. 


of that of the established carbon filament. 
More recently still, various experimenters 
have succeeded in producing lamps with 
a filament of metallic tungsten which carry 
the standard of efficiency to a point far 
beyond that obtainable with either carbon 
or tantalum. “~Since “the -graplitized: on 
“metallized” carbon filament has in this 
country become a regular commercial prod- 
uct, the properties of which are moderately 
well known, it is deemed best in this paper 
to take up more in detail the peculiarities 
or the properties of the tantalum and the 
tungsten lamps. 


PROCESSES. OF MANUFACTURE. 


It is not necessary in this place to go 
into a discussion of the processes of manu- 
facture of the filaments of the metallized 
carbon and of the tantalum lamp, nor of 
the appearance of the lamps themselves, 
since these have become quite well known. 
In the case of the tungsten lamp, certain 
peculiarities of the construction are made 
necessary by the properties of the tungsten 
filament itself. The metal tungsten (German 
“wolfram”) while ordinarily reckoned as 
one of :the rare elements, yet is from the 
point of view of lamp manufacture quite 
plentiful enough for all practical purposes. 
While its price per pound is high, yet con- 
sidering the weight of the metal entering 
into an incandescent lamp, it is not 
especially expensive. One of its most 1m- 
portant uses at the present time is the pro- 
duction of tungsten steel. The metal is 
infusible by any ordinary process. The 
melting point of tungsten filaments has 
recently been given by Waidner and Bur- 
gess* at 3200° cent. The metal is com- 
mercially obtainable in the form of a fine 
powder. Tungsten does not seem to be 
ductile, so it is impossible to draw it 
directly into a fine wire, as is done success- 
fully in the manufacture of the tantalum 
filament. Tungsten unites readily with 
oxygen and with carbon at high tempera- 
tures. These peculiarities have made the 
problem of the production of tungsten fila- 
ments a rather difficult one. It has been 
attacked from several sides, and different 
processes for the manufacture of tungsten 
filaments have resulted therefrom. 

The earliest process to be brought to 
public attention was) .that-o1r eDr: Kazel: 
Kuzel’s process consists in the production 
of a colloidal solution of tungsten by forin- 
ing an arc between terminals of the metal 
under the surface of water. The colloidal 
solution, when it has been brought to the 
proper consistency is squirted through a 
die into filaments, which after being dried 
are converted from the colloidal condition 
into the crystalline condition by the passage 
of an electric current through them. In 
this way the filament is produced without 


*Electrical World, 1906, vol. XLVIII, p. ors. 
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introducing any carbon, which would unite 
with the tungsten to form tungsten car- 
bide, a compound which is readily formed 
and which is very detrimental to the 
quality of tungsten filaments. 


Another process is the substitution pro- 
cess of Dr. Just and Hanaman. This pro- 
cess seems to be very similar to one 
patented by Lodyguine some ten years ago. 
In this process a very fine carbon filament 
is heated in an atmosphere of a chloride 
of tungsten and hydrogen. Under proper 
conditions of the experiment, tungsten is 
deposited upon the carbon filament, the 
hydrogen acting as a reducing agent. By 
heating the filaments by means of a current 
the whole filament is converted into tung- 
sten carbide. The carbon made is then 
removed from the filament by heating the 
same in an atmosphere of steam and 
hydrogen. The steam is decomposed, its 
oxygen uniting chiefly with the carbon of 
the carbide. Whatever tungsten is oxidized 
in this process is reduced again by the 
hydrogen which is present. It is impos- 
sible to say exactly whether this process 
is actually used in the manufacture of these 
lamps or not, though the statement may 
be made with a reasonable degree of 
certainty that some substitution process 
is used by Dr. Just and Hanaman. 


The manufacture of filaments of osmium 
presented a problem similar to that of the 
tungsten filament. It is, therefore, natural 
that the process of Dr. Auer von Welsbach 
should by proper modification be adapted 
to the manufacture of tungsten lamps. 
Experiments along this line have been 
carried on by the companies in Germany 
and Austria which have been engaged in 
producing osmium lamps. To the tung- 
sten lamp manufactured by the Osmium 
Lamp Company of Vienna has been given 
the name of the Osmin lamp. The tung- 
sten lamp of the Auer Company of Berlin 
is called the Osram lamp. While it is 
reasonably certain that the details of the 
processes of manufacture of these two 
lamps differ from each other, yet they are 
probably alike in their general features. 
The method consists in forming a paste 
of finely-divided tungsten with a binder of 
organic material such as, for instance, 
sugar solution, and squirting the same 
into filaments through a die. The carbon 
is then removed from the filaments by 
heating the latter in an atmosphere of 
steam and hydrogen or by the use of some 
similar process. 


Still another tungsten lamp is known 
as the “Z’” lamp. The process by which 
it is manufactured involves also a squirt- 
ing of a paste consisting of finely divided 
tungsten with an organic binder, but differs 
from the other in the method employed 
to remove the carbon. 


THE ILLUMINATING ENGINEER. 


877 


A. well-known manufacturing company 
has announced that it is about to put a 
tungsten lamp upon the market, made by 
a process differing from all those men- 
tioned above, but no information as to 
the nature of this process is available. 

It has also been announced that Mr. 
John A. Heany has been successful in 
producing tungsten lamps, but details as to 
his method of operation are also entirely 
lacking. Some lamps made by Mr. Heany 
have been the subjects of experiments 
made at the National Bureau of Stand- 
ards.* 

It will be seen from the foregoing that 
the possible methods for producing tung- 
sten lamps are probably quite numerous, 
and that the prospects are that we shall 
have in the near future a number of com- 
peting processes of varying degrees of 
merit. Time and experience will be re- 
quired to show which is best adapted to 
practical application. 


PHYSICAL CHARACTERISTICS. 


Tungsten lamp filaments manifest all the 
ordinary properties of wires of pure metals. 
They have high conductivity and a large 
positive temperature coefficient. The high 
conductivity of the material requires that 
the filaments shall be very fine and quite 
long if they are to be used in producing 
lamps giving a reasonably low candle- 
power on 110-volt circuits. The degree 
of fineness to which it has been possible to 
reduce these filaments is indicated by the 
following table; 


Diameter 

Mantaluims «110. volt 22=¢-pa we. 0.052 tm. 
Ostiniuini.. 1TO-vOltie a ee ee 0.103 ‘ 
z 1 INOW eaten eae ots wie a 0.1 od 
Ete -DULMING,. casos. 0.0555 
Osrainiy se \iteP a DUMiNe s. 4 asc cins 0.044 ” 


A fine hair may have a diameter of about 
0.06 mm. In view of the extraordinary 
degree of fineness which has already been 
attained in the manufacture of these fila- 
ments it does not seem probable that very 
much more can be looked for in this direc- 
tion. 

Tungsten filaments, when at the tempera- 
ture of full incandescence, are quite soft. 
It is, therefore, not feasible to produce 
them and mount them in lamps in any 
other form than in loops. In this lamp 
the filament consists of four loops. The 
ends of each loop are attached by means 
of a paste or by actually fusing them fast 
by the use of an electric arc to wires 
brought out from the stem of the lamp. 
The stem of the lamp is prolonged and 
carries at its lower extremity wires which 
serve as guides and supports for the loops 
of the filament. All the lamps which have 
been exhibited up to the present time have 


*Electrical World, loc. cit. 
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been intended for burning only in a pendant 
position. It can be stated, however, that 
by certain modifications in the details of 
construction lamps are now being made 
which can be burned in any position. The 
first tungsten lamps produced were designed 
for low voltages. In consideration of the 
high conductivity of the material, the pro- 
duction of a low-voltage lamp is a more 
simple problem than the production of one 
of higher voltage, since for low voltages 
a shorter length of the filament may be 
employed. It would seem also that it 1s 
easier to produce a lamp of high candle- 
power than of low candle-power, since a 
stouter filament may be employed in the 
high candle-power lamp. 

As far as the writer knows, no 110-volt 
lamps have been produced as yet for lower 
candle-powers than 25 and no lamps have 
been produced for higher voltages than 
220. The fineness of the 110-volt, 125 
candle-power filament is such that it wouid 
seem to be difficult to produce such a lamp 
as a regular commercial article. The 220- 
volt lamps are probably only experimental 
as yet. The properties of the tungsten fila- 
ment are such that it would seem to lend 
itself very readily to the production of 
most excellent lamps for street lighting 
by the series incandescent system. Lamps 
for 110 volts are likely to have when com- 
mercially produced a watt consumption of 
50 watts or more. If tungsten lamps are 
to be made for small candle-powers, such 
as are commonly employed in domestic 
lighting, they would probably need to be 
made for so volts or under, and con- 
sequently either burned in series or con- 
nected to low-voltage mains. 

One of the chief disadvantages of the 
tungsten lamp lies in the extreme fragility 
of its filament. Blows or shocks given to the 
lamp are quite likely to cause a rupture of 
the filament. A ruptured filament may, 
however, mend itself by the parts welding 
together once more, but where the filament 
has become welded it is quite likely to 
break loose again. 


ELECTRICAL, CHARACTERISTICS: 


The feature which differentiates the 
electrical behavior of the newer lamps from 
the ordinary carbon lamp is their positive 
temperature coefficient. The temperature 
coefficient of the ordinary treated carbon 
filament has been shown by Mr. John W. 
Howell to be very nearly zero at the tem- 
perature of ordinary incandescence. At 
lower temperatures its coefficient is negative. 
The term “metallized”? has been given to 
the carbon filaments treated by the high- 
temperature process on account of the fact 
that these filaments at their temperature 
of incandescence have a positive coefficient. 
The tungsten and tantalum filaments have 
also positive coefficients which are, more- 
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over, much larger than the positive co- 
efficient of the ‘metallized’ carbon. The 
temperature coefficients of tantalum, osmium, 
and tungsten filaments have been determined 
by measuring the resistance of these fila- 
ments at room temperature and again at 
100 degrees centigrade. The coefficients 
as found were as follows :— 


‘Rantalanie-see- 0.234 per cent. per degree 
Osmitiivend css 0.372) 4.8 7 a 
Tungsten (Osram 

lamp qe sseee. O:4 280 eta i ; 


It will be noted that the temperature co- 
efficient of the osmium filament corresponds 
very closely to the temperature coefficient 
of pure platinum. The temperature co- 
efficient of the tungsten lamp is higher and 
that of the tantalum filament is lower than 
the average coefficient for pure metals. In 
accordance with the general law that the 
presence of impurities reduces the tempera- 
ture coefficient to a very marked degree, it 
would appear that the tungsten of the Os- 
ram lamp was very pure, while the tan- 
talum of the tantalum lamp either con- 
tained some slight trace of impurity or 
the metal was in such a condition, due 
possibly to crystallization or to lack of an- 
ee that its coefficient was abnormally 
Ow. 

The effect of the positive coefficient is to 
give the metal-filament lamps considerable 
inherent regulation. That is, the change of 
current through the lamp is no longer pro- 
portional to the change in voltage, but is 
smaller proportionally than the change in 
voltage. Consequently in watts, candle- 
power, and watts per candle of these lamps 
undergo smaller changes with the change 
in the line voltage than is the case of the 
carbon-filament lamp. These characteristics 
are brought out in the curves of Fig. 2. 
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From the data used in plotting the above 
curves the following table has been taken 
which shows the change in candle-power 
and in the watts per candle of carbon 
metallized tantalum, and tungsten lamps 
with 5 per cent. rise in the voltage. 


PASE TET. 
CHANGE WITH 8 PER CENT. INCREASE IN 
VOLTAGE ABOVE NORMAL. 
CANDLE- WATTS PER 
POWER CANDLE 
ME AUDOM etinsics shin. 30% 150 
Metallized ........ +27% 1a 
(YG) ONCE ae 122% SS 
Mumesten oo... 6 +20% —10% 


The quality of the lamps here pointed 
out is a very valuable one, since it must 
have two important results: 

1. The light of the lamps is less affected 
by bad regulation of the circuit. This 
means that with a given degree of regula- 
tion of the voltage on the circuit, the ser- 
vice must be more satisfactory to the user, 
and has a direct bearing on the amount of 
copper required in feeders. 

2. The life of these lamps is probably 
less affected by the momentary or even 
continued application of excessive voltages. 

Another interesting consequence of the 
positive temperature coefficient is that at 
the instant of closing the circuit the cur- 
rent through a metallic filament is much 
greater than it is a fraction of a second 
later when the current has had time to 
heat the filament to its normal temperature. 
In other words, there is an initial inrush 
of current similar to that experienced in 
an arc lamp or in a motor, but enduring 
for, a mich. smaller: period of time. The 
behavior of the ordinary carbon filament 
is the reverse of this. This effect is clearly 


shown in the oscillograph curves of Fig. 
3, in which one record shows the initial 
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FIG. 4. 


current through a carbon filament and the 
other the initial current through a tan- 
talum filament. 

The position of the two spots of light 
before the circuit was closed is shown at the 
right of the figure. On closing the circuit, 
the instantaneous value of the current 
through the tantalum lamp is very high, 
but decreases with great rapidity. The in- 
stantaneous value of the current through 
the carbon filament is much lower, and 
gradually reaches its maximum value. The 
consequences of this can be perceived by 
the eye. Since the initial inrush into the 
metallized filament causes it to come to full 
incandescence much more quickly than does 
the carbon filament, the relative sluggishness 
of the carbon filament is readily appreci- 
ated by the eye when the metallic filament 
and the carbon filament lamps are lighted 
up side by side on the same circuit. 


DISTRIBUTION OF LUMINOUS INTENSITY. 


The distribution of luminous intensity in 
the horizontal plane for both tantalum and 
tungsten lamps must be on the average a 
circle, due to the method of construction 
of the lamps. This circle contains in each 
case a number of narrow maxima which 
are due to reflections from the opposite 
side of the bulb. Curves of vertical dis- 
tribution of a tungsten lamp and of a new 
and an old tantalum lamp are shown in 
Figs. 4 and 5. The differences between 
the curves of the old tantalum lamp and 
the new tantalum lamp bring out a marked 
peculiarity of the tantalum lamp when con- 
structed with a. straight-sided bulb. It 
points to a change in the spherical reduc- 
tion factor or ratio of the mean spherical 
to the mean horizontal candle-power of 
the lamp during its life. Such a change is 
actually shown by the lamp. The change 
in vertical distribution may be traced to 
two causes; first, to the fact that during 
the course of the burning of the lamp a 
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heavy deposit of black material is left on 
the bulb in a zone of a width substantially 
the same as the length of the spires of fila- 
ment stretched between their support. This 
zone of blackening decreases strongly the 
horizontal intensity of the lamp, and much 
less strongly the intensity in the direction 


of the tip. Hence, the candle-power as 
measured through the tip becomes rela- 
tively stronger as time goes on. 

Another cause of this change is probably 
the increased roughness of the filament of 
the lamp. When the lamp is new, the fila- 
ment appears as a fine smooth wire, looking 
like polished steel, and showing, under the 
microscope, a uniform surface, except for 
very slight pittings. A wire of this sort 
would radiate very little in directions 
nearly parallel with its length. The law 
which applies to a body having a perfectly 
black surface is that the radiation is pro- 
portional to the cosine of the angle of 
emission of the rays. The radiation from 
such a body as the tantalum filament would 
decrease more rapidly than according to 
this cosine law, consequently there would 
be a deficiency of light in directions not at 
right angles to the filament. The filament, 
however, becomes ‘roughened with use, and 
the little projecting surfaces would tend to 
increase the radiation in these directions. 


The spherical reduction factors for 
twenty tantalum lamps, as shown in Table 
IV are extremely variable, falling as low as 
0.69 and rising as high as 0.76. The cause 
for this is probably in the difference in the 
degree of polish of the surface of the fila- 
ment. A lamp having a filament in the 
form of a straight cylindrical rod of per- 
fectly black surface would show a theoreti- 
cal reduction factor of 0.785. 
carbon-filament lamps never have a factor 
smaller than this. A lamp of this charac- 
ter would give no light through the tip. 


— Se 
ea _—__-|\— +—_—. . Vi HES a 
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The fact that the tantalum lamp shows 
smaller reduction factors than this value 
indicates how comparatively feeble is the 
radiation of this polished wire in other di- 
rections than normal to the surface. The 
value of this reduction factor shows, how- 
ever, a very large increase during the life 
of the lamp, as is seen from the table, the 
change amounting, in some cases, to over 
30 per cent. This is leaving out of con- 
sideration lamps which show an abnormal 
change in reduction factor, due to short 
circuits among the spires of the filament. 
These changes represent the combined in- 
fluence of the roughening of the filament 
and of the deposit of the zone of black 
on the bulb so as to intercept the hori- 
zontal rays. An important conclusion from 
the facts here noted is that it is absolutely 
necessary, if we are to obtain any adequate 
idea of the performance of the tantalum 
lamp, to make measurements of the mean 
spherical rather than of the mean horizon- 
tal candle-power. Measurements of the 
horizontal candle-power alone, the spheri- 
cal reduction factor being unknown, are 
likely to be misleading and fallacious. ‘This 
is not the case with the carbon filament, in 
which the spherical reduction factor is 
quite a definite and unvarying quantity for 
a given type of filament. 


“USEFUL” LIFE OF METAL-FILAMENT LAMP. 


It has been customary to consider as the 
useful life of a carbon-filament lamp its life 
up to the time when its candle-power has 
fallen to 80 per cent. of its initial value. 
Beyond this point it has been considered 
cheaper to discard the old lamp and re- 
place it with a new one; in other words, 
this has been taken to be «the proper 
“smashing point” of the lamp. It should 
be pointed out that this relation does not 
hold with the metallic-filament lamps. The 
smashing point of a lamp is determined by 
considerations of initial cost of the Jamp, 
the cost of electrical energy, and the rate of 
decline of the candle-power. In the metal- 
lic filament lamps we have lamps of much 
higher economy, not only initially, but 
throughout their life; they are lamps of 
higher candle-power and _ necessarily of 
higher initial cost. It would seem that the 
data at present available regarding such 
lamps are not sufficient to permit of the 
proper determination of the smashing 
point. Certain it is, however, that where 
such lamps are used they are likely to be 
burned until they fail. This is the condi- 
tion which is almost necessarily brought 
about by their relatively high cost. 


A feature which marks both the tanta- 
lum and the tungsten lamp is the ability of 
the filaments sometimes to repair them- 
selves after having been broken. If the 
broken end of a filament becomes crossed 
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with another portion of the filament so that 
the electric circuit is completed the lamp 
once more lights up. In the case of the 
tantalum lamp, a junction of this kind may 
result in a very strong weld, so that a 
point of this sort does not necessarily con- 
stitute a point of especial weakness in the 
filament. Welds of this sort between tung- 
sten filaments operated at normal voltages 
are much less secure and are quite liable 
to break apart. After a repair of this sort 
the candle-power of the lamps is usually 
higher than before, due to the decreased 
length of filament which the current must 
traverse. The occurrence of breakages and 
repairs accounts for irregularities in life- 
test curves such as are not seen in the 
curves of carbon filament lamps. This pe- 
culiarity of the metal-filament lamps raises 
a question in regard to proper criterion for 
reckoning the life of such lamps when 
testing them. The question is, should the 
life of a metal-filament lamp be reckoned 
up to the time when its filament first breaks 
or should the time of final failure be 
taken? In other words, should the first 
natural failure be considered as terminat- 
ing the useful life of the lamps, or should 
the useful life include all the period up to 
the point where it is no longer possible by 
manipulating the lamp to cause it to repair 
itself? 


LIFE HISTORY. 


Some of the earliest tests of tantalum 
lamps made in this country showed a much 
poorer behavior than was claimed for the 
lamp by its makers. In these tests the 
lamps were burned on alternating-current 
circuits. Since there was no reason to sus- 
pect that the lamps were suffering on ac- 
count of incorrect voltage or rough 
handling, the conclusion was almost inevit- 
able that the nature of the current might 
be influencing their life. On trial it was 
found that tests made on direct current in- 
stead of alternating gave results which 
were in general agreement with those 
which had been published abroad. Since 
that time the effect of alternating current 
in shortening the life of a tantalum lamp 
has become well recognized. Since no 
quantitative data have been published 
showing the amount of this effect, the fol- 
lowing table in which comparative values 
of the life of tantalum lamps on direct 
current and on alternating current of 25, 
60 and 130 cycles per second will be of in- 
terest. The results of: the 130-cycle test 
have kindly been placed at my disposal by 
the authorities of the Edison Lamp Works. 

A microscopic examination of the tanta- 
lum filaments, new and burned on, direct 
current of different frequencies, 1S ¢€x- 
tremely interesting. A free-hand drawing 
of such filaments as seen under the micro- 








NEW LAMP 
THE TANTALUM FILAMENT 


FIG. 6. 


scope is given in Fig. 6. It will be seen in 
this figure that the unused filament is 
smooth and polished with only slight pit- 
tings on the surface. The filament which 
has been burned on direct current is much 
less regular; its surface shows deeper pit- 
tings and, in places, it is cut and notched 
as if with a knife blade. Some parts of 
the filament are much more irregular than 
others. The filament on 25 cycles shows 
still stronger markings of the same char- 
acter as shown on the direct current, but 
shows also, in places, a jointed structure 
looking like the jointed structure observ- 
able sometimes in basaltic rocks. This lat- 
ter effect is even more marked in the case 
of the filament which has been run on 60 
cycles. Here, parts of the filament look as 
if they were made up of blocks which had 
been irregularly piled one on the other. 
The length of these jointed sections in the 
filament is about equal to the diameter of 
the filament itself. It looks, in some places, 
as if one of these sections had been almost 
expelled from the row. The appearance, 
too, is very much as if where these joints 
occur, the filament had actually separated 
and had welded itself together instantly. 
The filament which had been operated on 


“130 cycles had the same appearance, per- 


haps somewhat exaggerated. In short, the 
increased wear and tear of the filament, 
due to the use of the alternating current, 1s 
very apparent. The reason for it, however, 
is obscure. The conclusion is inevitable 
that this lamp at the present time is essen- 
tially a direct-current lamp. 

No such effect is observable with the 
tungsten lamps. Tests of the Electrical 
Testing Laboratories show quite definitely 
that their life on direct current and al- 
ternating current is the same. This has 
also been proved by elaborate experiments 
to be true of carbon filaments. 

The results of tests of 20 tantalum lamps 
of German manufacture on direct current 
are given in Table IV. From these data 
the curves of Fig. 7 have been plotted. 


Lamp 
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Representative lamps, the performance of 
which may be considered to be character- 
istic of the 20 tantalum lamps, have been 
selected from among the above. Data on 
these lamps are given in Table V and are 
plotted in Fig. 8. 

From the foregoing data it will be seen 
that the life-history of tantalum lamps is 


characterized by a large initial increase in 
candle-power and a corresponding decrease 
in watts per candle, the extreme values 
being reached at the end of about 25 hours. 
From this point on, the candle-power de- 
creases at a moderately rapid rate and the 
watts per candle increase. The rate of de- 
cline of the mean horizontal candle-power 
is more rapid than that of the mean spheri- 
cal candle-power, for the reasons given 
above. The result of the relatively slow 
decrease of mean spherical candle-power 
with a large initial increase. is that in some 
cases the final mean spherical candle-power 
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FIG. 9. 


of a lamp is actually greater than its initial 
mean spherical candle-power. For  pur- 
poses of ready comnarison, life curves of 
representative tantalum and of a carbon 
lamp burned at 3.1 watts per candle are 
shown in Fig. 9. The candle-power of 
both is on a mean spherical basis. The ex- 
aggerated initial rise of the candle-power 
of the tantalum lamp is very apparent. 
Curves for watts per spherical candle- 
power give an opportunity for a compari- 
son of the relative electrical economy of 
the two kinds of lamp. 


_ Results of tests of tunsgten lamps made 
in various laboratories are given below. 
The data on some of the makes of tung- 
sten lamps are extremely meager, a circum- 
stance which in some cases is believed to 
correspond to a backward state of their 


TWO KUZEL LAMPS 
$0-32.5 VOLTS 





TESTS MADE th 
TECHNOLOGISCHES GEWERBEMUSEUM. 


“y 













































































2000 
HOURS LIFE 


FIG. LO: 


ban,’’ 1906, No. 9 


THE TLEUMINATING ENGINEERS 


commercial development. Fig. 10 gives the 
results of tests* of two Kuzel lamps of 
approximately 30 volts and 11.5 candle- 
power, made at the Technologisches Ge- 
werbe-Museum in Vienna. These lamps 
consumed approximately 1.25 watts per 
candle initially. One of them reached the 
extraordinary life of 3,537 hours, with a 
decrease in candle-power of about Io per 
cent. The filaments in both the lamps were 
burnt through and repaired once in the 
course of their life. The result of the re- 
pair was an increased candle-power, which 
is shown clearly on the curve. 

The average result of tests of three Os- 
min lamps of 55 volts and 44 candle-power 
are shown in Fig. 11. These tests were 


‘made in the laboratory of an electrical com- 


pany in Vienna. The lamps showed a life 
of 1,200 hours and a decrease in candle- 
power of I4 per cent in that time. The 
results of a test of three Osmin lamps of 
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55 volts made at the Municipal Electricity 
Works, Vienna, showed an initial candle- 
power of 27.3 and initial watts of candle- 
power of 1.25. After 2,239 hours of burn- 
ing the candle-power was 23.4 and the 
watts per candle 1.45. Six 54-volt Osmin 
lamps tested at the Technologisches 
Gewerbe-Museum consumed initially 1.17 
watts per candle. After 1,776 hours the 
watts per candle were 1.24. The candle- 
power of these lamps is not given in the 
report. It should be noticed that all the 
above lamps are low-voltage lamps, from 
which a better result is to be expected than 
from 110-volt lamps. 

The results of tests made at the Reich- 
sanstalt of 16 Osram lamps of from 117 to 
III volts and 25 to 30 candles are shown 
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FIG. 12. 


in the curves of Fig. 12. This test ex- 
tended for 1000 hrs. In the course of that 
time 5 out of a total of 16 lamps had failed, 
while 11 lamps were still burning. The 
characteristics of the lamps seem to be a 
moderate initial rise in candle-power and 
a very slow subsequent rate of decline. 

Fig. 13 shows average values of candle- 
power, watts, and watts per candle of eight 
117-volt lamps from among those given in 
the above tests. 

In Fig. 14 are shown the individual 
curves of six Osram lamps of 32, 35, and 
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45 c-p, testea at the Electrical Testing 
Laboratories. The results of these tests 
differ from the results of the Reichsanstalt 
test in that they show practically no initial 
rise in candle-power. The decrease in 
candle-power of the lamps throughout life, 
however, is very slow. The watts per 
candle are also almost constant. The life 
of the lamps was on the average consider- 
ably shorter than the life of those tested 
at the Reichsanstalt. 

_Candle-power curves of eleven tungsten 
lamps of quite another foreign make as 
tested at the Electrical Testing Labora- 
tories are shown in Fig. 15. These lamps 
exhibit a very large initial increase in 
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candle-power, followed by a practically con- 
stant condition. The average life is also 
much shorter than in the case of the Osram 
lamp. 

The curves of Fig. 16 are of particular 
interest since they show the performance of 
lamps made in this country. These lamps 
were tested at an average initial consump- 
tion of 0.99 watts per candle. Their aver- 
age life was 363 hours even at this high 
initial efficiency, and the average decrease 
in candle-power was 17.7 per cent. These 
curves demonstrate that incandescent 
lamps can be produced which will operate 
successfully at one watt per candle and will 
give a satisfactory life. The candle-power 
of these averaged about 40. 


COLOR OF LIGHT AND EFFICIENCY. 


The color of the light from the tantalum 
lamp is whiter than that of the carbon lamp, 
and the color of the tungsten lamp is still 
whiter than that of the tantalum lamp. 
The light of the tungsten lamp resembles 
quite closely that of the acetylene flame. 
The increased whiteness of the light, which 
is produced evidently largely as a tempera- 
ture effect and which does not involve a 
preponderance of certain colors, such as 
green or violet, constitutes a point of real 
superiority in the tungsten lamp. Time has 
been lacking to make a regular spectro- 
photometric study of these lamps. A 
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simple experiment, however, has been 
made which gives some idea of the in- 
creased radiation of the shorter. wave 
lengths, both of tungsten and tantalum 
lamps, as compared with the carbon lamp 
at 3.1 watts per candle. 

The metal-filament lamps were photo- 
metered against the 3.1-carbon lamp directly 
and then with a red, green, and blue glass 
interposed between the eye and the eye- 
piece of the photometer. The intensities so 
measured, expressed in percentages of the 
intensities measured without colored glass- 
es, are given in the following table: 


ABLES VEL 
TANTALUM TUNGSTEN 
LAMP. LAMP. 
A otal iie tages ee es 100% 100% 
Redasliohte sree eee 90.5 83.0 
Ureenlichtwece~ sae 100.3 101.8 
Bite. lighteseaakescees 109.2 120.5 


The increased whiteness of these lamps 
may theoretically be due either to higher 
temperature of the filament or to selective 
radiation by the filament. Recent work of 
Waidner and Burgess indicates that while 
the increase in the efficiency of tantalum 
and tungsten lamps, as compared with the 
carbon lamp, is to some extent due to the 
selective character of their radiating power, 
yet the chief cause of the increase is the 
higher temperature at which it is practicable 
to operate them. The higher temperature 
causes the maximum of the spectral energy 
curve to be shifted toward the shorter wave- 
lengths, and consequently a higher percent- 
age of the total radiation is emitted in 
wave-lengths which are capable of exciting 
vision. 


FLICKERING ON ALTERNATING CURRENT. 


It has been established as a result of prac- 
tise that in general it is not possible to 
operate incandescent lamps on 25-cycle cur- 
rent with satisfactory results. This state- 
ment is made with a knowledge of the fact 
that in certain cities a large amount of 
lighting is actually being done on 25-cycle 
circuits. Yet under some circumstances 
25-cycle current produces such marked 
flickering of incandescent lamps that its 
use is absolutely impossible. It is an in- 
teresting question whether the tungsten 
lamp presents any advantages over the car- 
bon lamp for use on low-frequency cir- 
cuits. Its positive temperature coefficient 
and the relatively low radiating power of 
its surface would tend to reduce the flicker- 
ing, while the extreme fineness of the fila- 
ments which results in a smaller thermal 
capacity and the high thermal conductivity 
which, as a metal it probably possesses, 
would tend to increase the flickering, A 
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few preliminary tests have been made in an 
attempt to gain some information on this 
question. It was very quickly discovered, 
however, that the question is so very com- 
plicated that a considerable research will 
be required to ascertain definitely the facts 
of the case. Eleven tungsten lamps were 
attached to the ceiling of a small room, 
producing a brilliant illumination in the 
room. Three observers attempted to de- 
termine the presence or absence of flicker- 
ing. With the lamps at their normal volt- 
age of 115 and with a frequency of 25.5 
cycles per second, L. found the flickering 
marked; M. found the flickering marked; 
S. could see a flickering intermittently, as 
when his head was moved suddenly. With 
the same lamps, but with the voltage re- 
duced to 100, the flickering was imper- 
ceptible to all the observers. 

As the voltage was raised successively to 
105 and 110 volts the flickering became 
perceptible. When five of the lamps were 
removed, leaving only six lamps in position, 
it was the consensus of opinion of the three 
observers that the flickering was less 
marked than when all the lamps were in. 
In other words, the intensity of the sensa- 
tion of flickering seems to be a function of 
the illumination. The flickering was im- 
perceptible when looking directly at the 
lamps, but could be observed only through 
light which is not focused directly on the 
fovea of the eye. To institute a compari- 
son between the flickering of the tungsten 
lamps and of carbon-filament lamps, two 
procedures may be taken. 

1. To take a sufficient number of carbon- 
filament lamps of candle-power comparable 
to the candle-power of the tungsten lamps, 
lamp for lamp. 

2. To take a sufficient number of carbon- 
filament lamps having a filament of approxi- 
mately the same diameter as the diameter 
of the tungsten filament. 

The numbers of the carbon-filament 
lamps must be so chosen as to give sub- 
stantially the same amount of light as the 
tungsten lamps. The first of the two above 
alternatives was chosen for a comparative 
test. That is to say, twelve 32-c-p. carbon 
lamps were substituted for the II tungsten 
lamps. These were operated at 3.1 watts 
per candle. At the same frequency as was 
used for the tungsten lamps, no flickering 
could be observed. This is not a surpris- 
ing result, since the diameter of carbon fila- 
ments is much greater than the diameter of 
the tungsten filaments, and consequently 
their thermal sluggishness is a much more 
important factor. 

In view of the very considerable advan- 
tages which would be gained if it could be 
shown that it is feasible to operate incan- 
descent lamps on alternating-current circuits 
of frequency low enough to permit of the 
easy operation of synchronous converters, 
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that is to say, a frequency of 25 cycles or 
slightly greater, the question of the vari- 
ation of the light of incandescent lamps 
during a half cycle of the alternating cur- 
rent has also been subjected to an experi- 
mental investigation by the use of a stro- 
boscope. To the axis of a small synchron- 
ous motor was attached a disc with narrow 
radial slots cut in it, one for each pole of 
the motor. The lamp was placed behind 
this disc, while close to it and in front of 
the disc a suitable photometer was ar- 
ranged. The motor was driven from one of 
two alternators, having their shafts coupled 
together, and the lamp supplied from the 
other alternator. The phase of the current 
passing through the lamp with respect to 
the current in the motor could be shifted 
through known angles by shifting the ar- 
mature ring of one of the coupled gener- 
ators. ‘$his generator arrangement, which 
was planned originally chiefly for meter 
tests, proved itself to be extraordinarily 
convenient for such stroboscopic measure- 
ments as are here described. With the use 
of this arrangement, curves have been 
plotted showing the variation in the inten- 
sity of the incandescent lamps as the cur- 
rent through the lamp rises from zero to 
its maximum value and decreases to zero 
once more. A set of curves of this kind 
relating to the metallized-flament lamp 
operated at 2.5 watts per candle, are re- 
produced in Fig. 17 and serve to illustrate 
the nature of the data obtained. Similar 
curves were obtained for ordinary 8- and 
16-c-p. lamps, operated at a series of differ- 
ent values of the watts per candle. 
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To discuss these results, the percentage 
variation of the light of the lamp per cycle 
was taken under all the different conditions. 
These percentage variations were plotted in 
curves shown in Figs. 18 and 19, using fre- 
quencies as abscissas. The curves so ob- 
tained, while exhibiting certain irregulari- 
ties due to experimental difficulties, are 
fairly concordant and exhibit to a common 
character. The percentage variation seems 
from these curves to be expressed by two 
linear relations, with a point of sharp cur- 
vature occurring between 25 and 30 cycles 
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FIG. 18. 


per second. That is, as the frequency is 
increased from 15 to 25 cycles the diminu- 
tion in flicker is very rapid. Above 30 
cycles the diminution in flicker is very slow. 
Since it has been found possible in some 
places to operate incandescent lamps on 25 
cycles, it would seem probable thas a com- 
paratively small increase in the frequency, 
which would carry the lamps beyond this 
apparently critical point in the curve, might 
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make feasible the general operation of in- 
candescent lamps from alternating-current 
power circuits. 

Similar tests to the above have been car- 
ried out on a 40-watt, 35-c-p, 115-volt 
Osram lamp. The results of this test as 
shown in Fig. 20 indicates that the strobo- 
scopic variations of a tungsten lamp of this 
size are not much different from those of 
an ordinary lamp rated as an 8-c-p. lamp 
when forced to 2.5 watts per candle. The 
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stroboscopic measurements, however, may 
be subject to certain ones of the difficulties 
which affect the detection of flicker by the 
eye. In other words, the degree of inten- 
sity of the light upon the photometer disc 
may have an influence on the results ob- 
tained. However, if the results of this pre- 
liminary test, which has been made in a 
very limited time for the purposes of this 
paper, can be confirmed by later and more 
careful experiments, the tungsten lamp will 
be found to be less adapted to use on al- 
ternating circuits of low frequency than the 
standard lamp of to-day. 
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CONCLUSION. 


From the data given above it seems cer- 
tain that the electric lighting industry is 
face to face with a change of:almost revo- 
lutionary character. The standard of in- 
candescent lighting efficiency will be brought 
by the tungsten lamp to a point about three 
times as high as it is at present. The effi- 
ciencies of all other incandescent lamps and 
of enclosed arc lamps are exceeded by that 
of the tungsten lamp. In other words, with 
the possible exception of some forms of 
vacuum-tube lighting and of the magnetite 
and flaming arc lamps, the tungsten lamp 
is the most efficient electric illuminant. 
Combined with its virtue of high efficiency 
it has the other advantages of incandescent 
lamps in being perfectly simple in its char- 
acter and construction and in being capable 
of subdivision into small units. 
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AMERICAN ITEMS 


TEsTs OF INCANDESCENT LAmps, by 
Prof. L. B. Spinney: Electrical World, 
December 15th. 

The article gives a condensed report 
of tests of something over 1,000 lamps 
representng 32 different makes, which 
were made at the lowa State College 
for the purpose of determining among 
other things, the care with which com- 
mercial lamps are manufactured and 
selected. The writer maintains that 
low efficiency carbon filament lamps 
are used to a greater extent than is 
justified from the standpoint of econ- 
omy, and says: 

The fact that the practical operation of 
the carbon filament lamp requires the 
expenditure of, let us say, 3.1 watts per 
candle-power is scarcely to be regarded as 
justifying the use of lamps which con- 
sume twice that amount of power. Never- 
theless, the most casual observation will 
convince one that such waste of power is 
not at all uncommon. Lamps that have 
been in service so long that their efficiencies 
have fallen to a low value and lamps 
rendered inefficient by being operated at 
voltages below that for which they were 
designed, are to be found perhaps upon 
every commercial circuit. 





THE ‘DETERMINATION OF THE 
MEAN HORIZONTAL INTEN- 
SITY OF INCANDESCENT LAMPS 
BY. THE ROZATING. LAMP 
METHOD 


By Epwarp P. Hype anp F. E. Capy. 
National Bureau of Standards, Washington. 


There are several methods in use at the 
present time for the determination of the 
so-called mean horizontal intensity of in- 
candescent lamps, i. e., the mean intensity 
in the plane perpendicular to the axis of 
the lamp and passing through its center. 
The oldest of these methods, and one which 
is equally applicable to other light sources, 
consists in measuring the intensity at equal 
angular intervals in the horizontal plane, 
and either taking the mean of the observed 
values, or plotting the observations and de- 
termining the mean radius vector of the 
curve drawn through the plotted points. A 


second method particularly adapted: to the 
incandescent lamp because of tke con- 
stancy of its curve of mean horizontal in- 
tensity was developed from the first method 
as an abbreviation of it. According. to 
this second method photometric measure- 
ments are made in a single fixed direction, 
and the mean horizontal intensity is com- 
puted from mean horizontal “reduction 
factors” previously determined for the dif- 
ferent types of lamps. Dyke has recently 
shown (*), however, that even for lamps of 
a single type of filament individual differ- 
ences of such magnitude occur as to pro- 
duce serious errors in the computed values 
of mean horizontal intensity. This fact in 
conjunction with the inconvenience of the 
necessary orientation of the lamps on the 
photometer bar in making the measure- 
ments has rendered the method of little 
practical value, and consequently its use at 
present is quite restricted. In a modified 
form of this method which is used in Ger- 
many, the direct light in a definite direc- 
tion from the lamp is supplemented by light 
reflected from two mirrors placed behind 
the lamp and inclined at an angle of 120° so 
that an illumination is produced on the 
photometer screen which is approximately 
proportional to the mean of the intensities 
in the three directions. Liebenthal has 
shown (”) the possible errors incident to 
this method, for the types of lamps studied, 
to be as large as 5 or 6 per cent. when the 
lamps are definitely oriented, and 13 per 
cent. when the lamps are set at random. 

A third method, and one which is in al- 
most universal use in this country in all 
practical determinations of the mean hori- 
zontal intensity of incandescent lamps, con- 
sists in spinning the lamp about its axis at 
a uniform speed of 180 revolutions per 
minute. This suggestion of spinning the 
lamp is said to have been made by Prot 
Chas. R. Cross at the National Electrical 
Congress held in Philadelphia in 1884, but 
the writers have been unable so far to find 
a record of such a suggestion. Thirteen 
years later the Committee on Standardiza- 
tion of the American Institute of Electrical 
Engineers, recommended (*) this method, 
suggesting a speed of 120 revolutions per 
minute. In recent years a speed of 180 
revolutions per minute has been used quite 





(4) Phil. Mag., Vol. 9. p. 136, 1905. 
(2) Zeit. fur Instrumentenkunde, WiolsrO,e.D- 


1933; 1899. 
(3) Trans. Amer. Inst. of Elec., Eng., Vol. 14, 
p. 90; 1897. 
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FIG. I.—DIAGRAMMATIC SKETCH OF PHOTOMETER BENCH, IN HORIZONTAL 
POSITION SHOWING ROTATING MIRRORS 
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universally, but an attempt to trace the au- 
thority for this modification has not as yet 
met with success. 

A fourth method devised by Liebenthal 
(*) and used at the Physikalisch-Technische 
Reichsanstalt consists in rotating a pair of 
mirrors about the lamp held in a stationery 
position. The lamp is mounted with its 
axis horizontal and coincident with the 
photometric axis, the tip of the lamp being 
turned toward the photometer screen. The 
two mirrors, inclined at approximately 90 
deg. to each other, reflect to the photometer 
screen light emitted from the lamp in a 
direction perpendicular to its axis. The 
direct rays from the tip of the lamp are 
prevented from reaching the photometer by 
a small screen. The mirrors rotate about 
the axis of the lamp and reflect to the 
screen a quantity of light proportional to 
the mean horizontal intensity of the source. 
This method necessitates, of course, the de- 
termination of the reflection coefficients of 
the mirrors, which is accomplished by 
means of a standard incandescent lamp 
whose mean horizontal intensity is known 
from a previous determination py the first 
method mentioned above. 

Of the above four methods by far the 
most convenient in commercial testing is 
that of rotating the lamp, because but one 
measurement is required, and there is no 
question about the orientation of the lamp. 
Moreover by simple mechanical devices a 
reversal of the direction of rotation may be 
obtained so that lamps fitted with screw 
bases can automatically be screwed into 
and out of the socket, thus materially less- 
ening the time required for measurement. 
Although the method of rotating the lamp 
is the most convenient it has been open to 
serious objection which has never been 
answered satisfactorily, so that while the 
method is in quite general use in this 
country, there are many who are in doubt 
in regard to its accuracy and its adoption 
abroad has been restricted. 


The two possible sources of error of this 
method are (1) the possible distortion of 
the filament, (2) the effect of the flicker 
which is perceptible in nearly all types of 
lamps when rotating at 180 revolutions per 
minute, and which is extremely bad in those 
types in which the horizontal distribution 
curve deviates greatly from a circle. Be- 
sides the possible error produced by the 
flicker the accuracy of a setting is dimin- 


(2) EsbOC ey Cit 





ished considerably and the eye is rapidly 
fatigued. 

In order to determine definitely the errors 
due to distortion of the filament and to the 
flicker, an investigation has recently been 
carried out in the Photometric laboratory 
of the Bureau of Standards. The results 
of this investigation will be discussed fully 
in the next number of the Bulletin (Vol. 2, 
No. 3). In the following paragraphs a 
brief résumé of the results will be given. 

A pair of rotating mirrors (see Figs. 1 
and 2) somewhat similar to those described 
above as in use at the Reichsanstalt, but 
with one essential difference, were con- 
structed in the instrument shop of the 
Bureau. Instead of mounting the lamp in 
a stationery position between the mirrors, 
the apparatus was so designed that the 
lamp could be rotated about its axis, quite 
independently of the rotation of the mir- 
rors. This arrangement obviated the ne- 
cessity of a separate determination of the 
coefhcient of reflection of the mirrors, 
which is liable to error unless the mean 
horizontal intensity of the :tandard lamp 
employed is obtained bv the point to point 
method from a very large number of read- 
ings. Although the rotating mirror system 
was made quite rigid the precaution was 
taken to show that the reflection coefficient 
of the mirrors was the same whether they 
were rotating or stationary. 

The following series of observations was 
made with lamps of a number of different 
types: (a) mirrors rotating at a speed suf- 
ficiently high to eliminate flicker (in some 
cases over 800 revolutions per minute). 
lamp at rest; (b) mirrors rotating at 180 
revolutions per minute, lamp at rest; (c) 
mirrors at rest, lamp rotating at 180 revo- 





FIG. 2.—VIEW OF ROTATING MIRROR. 
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lutions per minute; (d) mirrors at rest, 
lamp rotating at 500 or 600 revolutions per 
minute; then the entire cycle in the reverse 
order. In all the measurements in order 
that the observer at the photometer should 
not be influenced by his readings, a second 
observer noted and recorded the settings 
on the bar, and the observer at the photom- 
eter was not informed of the results until 
the entire series of measurements had been 
completed. If there were no errors due to 
bending and no error due to flicker, all 
four of the above sets of readings would 
be the same. A comparison cf (a) and (b) 
shows the effect of flicker separated from 
that of distortion of the filament; a com- 
parison of (a) and (c) shows the com- 
bined error due to flicker and bending at 
180 revolutions per minute. This combined 
error is that which occurs in practise when 
measurements are made on lamps rotating 
at 180 revolutions per minut. A compari- 
son of (b) and (c) shows the effect of 
bending at 180 revolutions per minute; and 
a comparison. of (a) and (d) shows the 
effect of bending at 500 or 600 revolutions 
per minute. 

In all, ten different types of incandescent 
lamps were studied, including a 50-volt 
lamp, a 220-volt lamp, tantalum lamps and 
seven types of 110-volt carbon filament 
lamps. The results for the individual 
lamps will be reserved for the more detailed 
paper in the Bulletin. The general results 
can be stated briefly under the two heads, 
“Effect of Bending” and “Effect of flicker.” 


ERPECE ~Or BENDING. 


At speeds of 500 or 600 revolutions per 
minute very appreciable changes in the 
mean horizontal intensity due to bending 
were observed, in some cases the effect be- 
ing to decrease the mean intensity, in others 
to increase it. The greatest difference due 
to bending was observed in a “double car- 
bon” filament which had accidentally been 
rotated for a few seconds at about 800 
revolutions per minute and was afterwards 
brought to a speed of about 600 revolutions 
per minute. This lamp showed a decrease 
in mean horizontal intensity of about 2 per 
cent., but after the lamp was stopped ro- 
tating it was noticed that one loop of the 
filament had touched the bulb and had 
sealed itself there remaining permanently 
in that position. Except for this one lamp 
the greatest decrease in, mean horizontal 
intensity at a speed of about 550 revolu- 
tions per minute was I per cent., which 
was the value obtained for another lamp of 
the “double carbon” filament type. The 
greatest increase in horizontal candle- 
power due to bending was about 0.8 or 0.9 
per cent. for a “downward light” type of 
filament at 550 revolutions per minute. The 
anchored oval filament showed a slight de- 
crease due to bending amounting to about 


0.5 or 0.6 per cent. at 550 revolutions per 
minute. At a speed of 180 revolutions per 
minute the effect of bending amounted in 
no case to more than a few tenths of I 
DemECents 

The tantalum lamp showed a queer effect 
which it is interesting to note in passing. 
Although one might expect a decrease in 
mean horizontal intensity on rotation, no 
such effect was found, the observations in- 
dicating a slight increase. The magnitude 
of the effect was small but since in every 
one of a number of determinations the sign 
of the effect was the same it is probable 
that there is a real increase in mean hori- 
zontal intensity. The peculiar feature to 
which attention should be called, however, 
is the apparent increase in resistance of 
tantalum lamps on rotating them. At least 
a half-dozen lamps were tested, each of 
them several times, and without exception, 
on rotating the lamps the current decreased 
although the voltage was maintained con- 
stant. The amount of change was not the 
same for all lamps, nor indeed the same at 
different times for any one lamp, but 
ranged from one per cent. to only a few 
tenths of one per cent. 


EFFECT OF FLICKER. 


The most surprising results of the in- 
vestigation were found in studying the 
effect of flicker on the apparent mean hori- 
zontal intensity of the different types of 
lamps. The common oval anchored type of 
filament shows comparatively little flicker 
when rotating at 180 revolutions per min- 
ute, and consequently, when small differ- 
ences between sets (a) and (b) were 
found they were ascribed to observational 
errors, since the difficulty of setting 
with --a — flickering” light “is |) much 
greater than when the fields of view 
in the photometer appear steady. When, 
however, with other types of lamps 
differences amounting to 4 per cent. oc- 
curred it became evident that the effect 
was not to be ascribed to’ the probable 
error of observation, for every one of 5 or 
10 readings with the mirrors at high speed 
would lie entirely without the limits of the 
readings at 180 revolutions, per minute. 
Moreover, with different observers the 
effect of the flicker was found to be quite 
different. Thus while one of the writers 
read the flickering light about 4 per cent. 
too high the other read it about 3 per cent. 
too low, a difference of 7 per cent. More- 
over, each observer persisted in his habit 
so that when, about this time, a number of 
lamps submitted for test were measured it 
was subsequently found on looking over the 
results that while the values obtained by 
the two observers agreed excellently for 
most lamps, there were large differences, 
always in the same direction, for lamps in 
which there was a disagreeable flicker. 
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Other observers were tried, some of them 
experienced in photometry, and all experi- 
enced observers in other lines of physical 
investigation, but in almost every case 
there was a decided preference for either 
higher or lower values with the flickering 
light. All of the measurements referred to 
above were made with a Lummer-Brodhun 
contrast photometer, and in every case 
there was a color match on the two sides 
of the screen. Subsequently a number of 
measurements were made by three observ- 
ers with a very good Lesson disk furnished 
the Bureau by the Electrical Testing 
Laboratories of New York. Strangely 
enough, with this photometer each of the 
three observers changed the sign of his 
error as compared with his measurements 
on the Lummer-Brodhun photometer. Of 
course the error of observation with a badly 
flickering light, such as is obtained with a 
“double flattened” filament or a “downward 
light” filament is quite large, but there is 
no question in the writers’ minds but that 
the error due to flicker is a very definite 
one, characteristic of the individual. It 
would not seem, however, that the effect 
is a true physiological effect in the same 
sense as Talbot’s law for non-flickering il- 
luminations. It is not that different eyes 
integrate a flickering light differently, but 
rather that they do not integrate at all. 
The explanation would seem to be this: 
Due to inability of the eye to integrate a 
flickering light, an infinite number of differ- 
ent independent intensities are perceived. 
On any one of these a setting could be 
made, but having chosen some one point in 
the series of fluctuating intensities the cri- 
terion persists, and the more observations 
the individual makes the more probable it is 
that he will continue to set in the same 
way. One of the observers ‘previously 
mentioned was conscious of two different 
criteria by either of which he was able to 
make consistent settings. According to one 
criterion he set too low; according to the 
other too high. 

Apart from the explanation of the effect 
of flicker the important fact which the in- 
vestigation makes clear is that, in the case 
of lamps in which the horizontal distribu- 
tion curve deviates considerably from a 
circle so that a bad flicker results when the 
lamp is rotated at 180 revoltitions per min- 
ute, some other method for determining 
the mean horizontal intensity must be em- 
ployed. Otherwise large errors amounting 
to many per cent. may arise. Since all of 
the types of lamps investigated stood up 
very well under the high speed of soo 
revolutions per minute and the effect of 
bending was in no case more than I per 
cent., it was thought desirable to invevsti- 
gate possible errors incident to the de- 
termination of mean horizontal intensity by 
rotating the lamps at a speed double that 


in use at present, i. e., at 360 revolutions 
per minute. Before doing this, however, 
some experiments were made on the me- 
chanical effects of such a speed on lamps 
the filaments of which had drooped due 
to prolonged burning in a horizontal po- 
sition. Three 50-cp, 110-volt lamps, each 
of which had burned several hundred hours 
and had fallen in intensity below 80 per 
cent. of its initial value, showed excessive 
drooping. In one lamp the filament was not 
more than 3 or 4 mm. from the bulb; in 
each of the other two the filament was 
about 5 or 6 mm. from the bulb. These 
lamps, which had long heavy filaments and 
which had given evidence of their suscepti- 
bility to bending under the influence of 
mechanical forces by their excessive droop- 
ing unaer the action of gravity, would 
seem to represent the most unfavorable 
case for a high speed rotation. The lamp 
in which the filament was within 4 mm. of 
the bulb stood a speed of 300 revolutions 
per minute. At about 350 or 400 revolu- 
tions per minute the filament touched the 
bulb, and melting it at the point of con- 
tact allowed air to enter which caused the 
lamp to burn out. The other two lamps 
were rotated at increasing speeds up to 
about 650 or 700 revolutions per minute be- 
fore the filament touched the bulb, in each 
case the result of the contact being the 
same as before. Since these lamps would 
probably have been rejected on most speci- 
fications before dropping to 80 per cent. 
because of the excessive drooping, it would 
seem that a speed of 360 revolutions per 
minute would be quite safe in all practical 
cases. Although measurements made on 
different types of lamps indicated no deter- 
minate permanent change in the horizontal 
intensity the effect of continued burning 
while rotating at a speed of 360 revolutions 
per minute was not investigated. 

After showing that a speed of 360 revo- 
lutions per minute would probably produce 
no serious mechanical difficulties, samples 
of those types of lamps in which the effect 
of flicker is most pronounced and of those 
in which the bending is greatest, were 
measured at that speed in order to see 
whether the errors due to flicker could be 
obviated without introducing prohibitive 
errors due to bending. It was found: that 
in several types of lamps the flicker was 
still so pronounced that differences of sev- 
eral per cent. were obtained. It was there- 
fore concluded that either a higher speed 
must be used, or some other method em- 
ployed. 

Since it would not seem feasible to in- 
crease the speed much above 360 revolutions 
per minute an attempt was made to devise 
some other method by which an increased 
accuracy could be obtained. The following 
considerations suggest a method which was 
put in practice and found to be quite satis- 
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factory. The error due to the flicker is a 
function not only of the speed but of the 
difference between the maxima and minima 
of the flickering light. No matter how 
great this difference, the flicker will cease 
at sufficiently high speeds, but if the differ- 
ence is small the error due to the flicker 
will be relatively small at all speeds, and 
will entirely disappear when the speed has 
been increased even to a moderate value. 
In those types of lamps in which the error 
due to flicker was found to be large the 
differences between the maxima and minima 
are great, amounting in one type to 70 per 
cent., so that if in some way the extreme 
fluctuations in the intensity of illumination 
on the photometer screen could be lessened 
the resultant error would be diminished. 

Except in the case of anomalous lamps 
extreme differences in intensity in different 
directions are not due to bad centering of 
the filament or to any effect connected with 
a displacement of the effective center of 
radiation from the axis of rotation—fluctu- 
ations due to these effects would in general 
be relatively small. The irregularity of the 
horizontal distribution curve is due pri- 
marily to the shape of the filament, and 
consequently, except for sharp reflections 
from the bulb, or sharp shadows produced 
by the obscuration of parts of the filament, 
the maxima lie 180 deg. apart, and the 
minima approximately at right angles to the 
maxima. Hence if to the illumination pro- 
duced by the direct light from the lamp on 
the photometer screen, an illumination pro- 
duced by light emitted in a direction normal 
to the photometric axis be added, the re- 
sultant illumination will show a relatively 
small variation on turning the lamp. If 
the lamp is rotated at the customary rate 
of 180 revolutions per minute the flicker 
will be much less disagreeable and pro- 
ductive of error than that incident to the 
direct light alone when the lamp is rotating 
at double this speed. 

In order to accomplish the above result 
in practice a single stationary mirror 
was placed in such a position that light 
emitted at right angles to the photometric 
axis was reflected by the mirror and was 
incident on the screen in conjunction with 
the direct light from the lamp. Measure- 
ments made on the “downward light” 
lamp at 180 revolutions per minute by the 
two observers who had previously differed 
by about 7 per cent. at this speed showed 
an agreement well within the range of the 


error of observation which was probably 
less than one-half of one per cent. In a 
similar way the error due to flicker in all 
types of lamps in which the maxima and 
minima lie approximately at right angles 
to each other would become quite small 
even at a speed of 180 revolutions per 
minute. Although the results of the in- 
vestigation at the Bureau show that a single 
mirror is sufficient for the types of lamps 
studied, it is possible that other arrange- 
ments of mirrors might be devised that 
would also eliminate the flicker. 


One or two round bulb, “double round 
coil” filament lamps which had burned to 
80 per cent. in life test, and which were 
unique in having most of the carbon de- 
posit concentrated on a small part of the 
bulb showed bad flickers even with the ad- 
dition of the mirror. This was to be ex- 
pected, as measurements showed that, due 
to the absorption of the concentrated car- 
bon deposit there was a difference of 40 
per cent. between the intensity in the di- 
rection of the deposit and in a direction 180 
deg. from the deposit. With such anomal- 
ous lamps a very high speed must be used 
or some other method employed, such, per- 
haps, as the addition’ of one of more mir- 
rors. It would scarcely seem justifiable. 
however, to reject a very convenient method 
for a few sporadic lamps. 

A more serious question is that of the 
practical applicability of the single stationary 
mirror method in consideration of the 
difference in path between the direct ray 
from the lamp and the ray by way of the 
mirror. The details of the mathematical 
investigation of this point will be re- 
served for a subsequent paper, but the re- 
sult may be stated briefly. Assuming the 
two lamps at fixed positions, if the substi- 
tution method of measurement is employed 
(according to which the standard lamp is 
placed at the beginning of the measure- 
ments in the same position as the test 
lamps), and if in computing the candle- 
power scale a distance intermediate be- 
tween the distance of the lamp and the dis- 
tance of its image from the screen be taken 
as the effective distance of the lamp, the 
resulting errors for a large range of dis- 
tance on either side of the middle point of 
the bar, will be entirely negligible. Of 
course with the mirror method a 32-cp 
lamp would be most convenient for use as 
a comparison lamp. 
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FOREIGN ITEMS 


GLOW LAMP STANDARDS AND, 
PHOTOMETRY 


Sam lOW. 
From The Electrical Magazine Nov., 1906. 


In the course of an article published in 
a recent number of The Electrician, the 
author gives some interesting comparisons 
of the several types of electric glow lamps 
so far as their suitability for the use as 
secondary photometric standards is con- 
cerned. Commenting in the first place 
on the respective merits of flames and 
glow lamps, the author indicates whereas 
the value of a flame standard is affected 
by the atmospheric conditions, accurate 
results could not be expected when using 
a flame-type standard for glow lamp tests, 
or vice versa; nor indeed, should an or- 
dinary gas flame be depended upon for 
giving accurate results when used in con- 
junction with an incandescent gas burner. 
In short, the obvious fact is arrived at that 
the standard and the light under test 
should be similar in nature. This is, of 
course, well known, for then not only are 
the colors similar, but the affecting at- 
mospheric conditions are common. 

The author proceeds much further than 
this, and points out that even when lights 
of a similar type are compared, there are 
other factors than those of color and at- 
mosphere which affect the accuracy of the 
tests. Thus he says: “It is to be, however, 
that as a rule two glow lamps, even of a 
similar class, are not affected by a change 
of P.D. in exactly the same way, and 
hence the ratio of candle-power of one to 
the other is distinctly affected by a change 
in the P.D. of 5 per cent. or so: 

“For instance, the table below shows the 
result of comparing two 100 volt nomin- 
ally 50 c.p. glow lamps when the run in 
parallel off several different P.D.s. 








1P 10). Ratio of candle power: Lamp No. 1. 
(Volts). Lamp No 2. 
87.4 On O77 

O1.2 0.778 

95.0 OL Vos 

“A change of t per cent. in the P.D. 
would thus cause an error of something 


like 0.25 per cent. in the determination of 
the candle-power.” 

The necessity of maintaining a constant 
common P.D. when comparing metallic 


filament or Nernst lamps with the stand- 
ard glow lamp is more important, as is 
shown by the author’s figures below, which 
refer to a test of a tantalum lamp with a 
100 volt glow lamp. 





1P 1D). Ratio of candle power: Tantalum lamp. 
(Volts). Glow lamp. 
Qi 0.576 
95.0 0.530 
97.0 0.505 


a 


The candle-power of an ordinary car- 
bon-filament lamp varies with about the 
seventh-power of the P.D., the tantalum 
with the fourth power, the osmium lamp 
with the fifth power, whilst the Nernst 
lamp is practically independent of small 
variations of P.D. 

It is pointed out that contact resistance 
in the lamp-holder is to be guarded against 
as introducing variations in the lamp P.D., 
that screw holders are to be preferred to 
those of the bayonet type, but that best 
of all is the Reichsanstalt method of over- 
coming any possible error on this account 
by measuring the current 'through the 
lamp instead of the P.D. at its terminals. 

Another feature of photometric tests 
commented upon is that for accurate 
work a certain fixed distance between the 
lamps under comparison is desirable. The 
following table shows results obtained with 
a comparison of 16 c.p. and 8 c.p. Robert- 


son lamps at different distances apart, 
other conditions being common. 
Type of Distance ; 16 c.p. lamp. 
lamps between Ratio of C.P. 8c.p.lamp. 
compared. lamps. 
Robertson 250cm. 2.38 
roo volt 8c.p. 220 : 2 ip 
andsr6"Czp. 200 | Py Bis 
lamps. 170 | 2.33 
THON 2.34 
TRE) 2Ea8 
Ioo “‘ 2.32 





The “hysteresis” effect or the change in 
c.p. following the “overrunning” of the 
glow lamp at a higher voltage than the 
normal or test voltage is dealt with by 
the author, who gives curves showing this 
effect in two instances, and also tabulated 
results. 

The temperature of the test room af- 
fects candle-power of the standard glow 
lamp to the extent. of 1 per cent. for.a 9° 
C. change. 

The article concludes with remarks as 
to the possible advantages attending the 
use of the new metallic filament lamps as 





Before Overrunning. 


Type of Lamp. At 95 ee for 3 min. at 


Current. Current. 
Sunbeam... 1... 05535 9.48 Ons3e 
Robertson, ,. ©.543 On 70 ©.544 


At 110 volts, 


At 120 volts, At 130 volts, 


95 volts. for 3 min. at 95 volts. for 3 min. at 95 volts. 
Cars Current. (Cues Current. Cae 
9.53 0.538 9.68 0.542 10.00 
9.72 O1545 9.70 OnS5O 9.97 
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photometric standards. “It seems likely 
that the study of some of the newer me- 
tallic filament lamps may lead to a greatly 
improved incandescent standard. The 
tantalum lamp, for instance, has the ad- 
vantage that the candle-power is only 
proportional to about the fourth power of 
the P.D. across the lamp, while it seems 
likely that at low efficiencies its life would 
be distinctly better than that of glow 
lamps. On the other hand, the difficulty of 
producing such lamps for high voltages 
would be of little importance in the case 
of laboratory standard. 

“Dr. Kuzel’s metallic filament lamps, so 
far as may be judged from the informa- 
tion which has at present been published 
about them, might also prove valuable. The 
fall of candle-power with use at moderate 
efficiencies is said to be very much less 
than with carbon filament lamps, and, from 
the fact that the lamps are said to be very 
little affected by being overrun even 300 
per cent., one would suppose that ‘hysteresis 
effects’ would be inconsiderable, and that 
such a standard would not easily be dam- 
aged by incautious regulation of the P.D.” 





A METHOD OF CALCULATING 
STREET ILLUMINATION 


By Huco Krtss. 


» From Journal fiir Gasbeleuchtung, Mun- 
Ich, Sept. 22, 1006. 


In order to form a fair judgment regard- 
ing the efficiency of illumination of streets 
by means of various systems of light 
sources, it is necessary first of all to deter- 
mine the actual value of the illumination 
by measuring with a suitable photometer, 
as Prof. Dreschmidt has done, for example. 

It is also of value to reduce the dis- 
tribution of illumination to figures, since 
inequalities in the operation of the lamps 
is not fully known, and furthermore it fur- 
nishes a theoretical standard by which the 
efficiency of the results may be judged. 

I must first call attention to the intensity 
of illumination on a plane perpendicular 
to the street, since I believe, as Dreschmidt 
does, that the intensity on a_ horizontal 
plane is not as important as the intensity 
on a vertical plane. While reading or 
simply observing, one always takes such a 
position with regard to the plane of the 
street that he receives the best light pos- 
sible, while it is the side turned to the 
observer, either coming or going, that 
comes into view of the persons approaching 
from an opposite direction. The case was 
very simple: the lamps were hung over the 
middle of the street, the test surface also 
over the middle at a height of h (Fig. 
I) above the pavement. 
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If the test surface is the distance L from 
the foot of the perpendicular drawn from 
the lamps to the street, and the height of 
the lamps above the test surface is H, the 
rays from the light source would meet the 


test surface at the angle a: then, tan 
le H 
ree 


The distance E of the light source from the 
test surface, the intensity of which may be 
Pats. phen 





eae L ¥ 
: cos a 
and the intensity B, which the test surface 
receives, 
be os COS: @.== = 2 cos?a 
E L 


The angle of radiation from the lamps is 
evidently the same as the angle a on the 
test surface. If the test surface is at the 
distance D, Fig 2, sideways from the lamp, 
when one wishes, for instance, to compute 
the relative illumination on the sidewalk, E 
and a are in the right angle triangle of 
which L is the perpendicular on the test 
surface and another of which is made by 
the line F, which is drawn from the lamp 
perpendicular to the first perpendicular. 
The distance from F gives, according to 


the diagram, F= V D2? + Héand the ill- 


lumination intensity B from the equations 
above, in which the angle a is derived 


F ; 
from the equation tan a= aie In this case 


the angle of radiation B (measured below 
on the horizontal) differs from the angle 


of incidence @, It is 
sewn ee in which e = V L? + D®. 
e 
In Fig. 3 the lamps are suspended 


over the middle of the street while in 
Fig. 4 the lamps are arranged alter- 
nately on the opposite sides. The inten- 
sity of illumination was estimated on a 
plane in the middle of the street, and also 
at the curb. In Fig. 4 in order to sim- 
plify the calculation, assume that a row of 
lamps is arranged perpendicular over the 
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FIGS 22: 


sidewise test line. The increase in the in- 
tensity on the assumed surface due to re- 
flection from the walls of the buildings need 
not be considered? Presumably the in- 
crease is not very great in view of the fact 
that a surface illuminated by reflection 
from perfectly white cardboard receives, 
perhaps, only about % the intensity of the 
illuminated cardboard itself. However, 
very few of our buildings are white, many 
even having dark exteriors, while to a great 
extent the buildings in the business quarters 
have large plate glass windows on the 
ground floor and first story; so on account 
of these great irregularities it is better to 
eliminate this factor from the estimate. 

In order to compare results, I calculated 
the illumination of Leipziger St., Berlin, as 
Dreschmidt had previously measured the 
relative illumination there. As the height 
of the test surface h is 1.5m.; then H_ be- 
comes 7.5m. The lamps are placed at. a 
distance of 30m. from each other (Dresch- 
midt 33m.), the distance of the curb from 
the middle of the street 6m. (Dreschmidt 
5.5. and 5.7m.), and 2000 was assumed for 
the intensity I of the lamps; for all other 





G IX Ir v4 VY H 
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d 30 60 90 120 150 180 


FIG U3: 
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intensities, the figures may be changed pro- 
portionately. Also, since it was not neces- 
sary to calculate for any specified system 
of illumination, a light radiation the same in 
all directions was assumed. In the case of 





FIG. 4. 


lamps placed over the middle of the street, 
the illumination of the test surface was 
determined for those locations where the 
lamps were about 5m. apart, the points be- 
ing about a meter apart, beginning at the 
point directly below the lamp. If the test 
surface comes out beyond lamp I, the same 
set of figures is repeated. The results from 
lamps only, (I-VI) were determined, be- 
ing unnecessary to continue the further cal- 
culation, since the more distant lamps leave 
an ever diminishing effect. 

In the case of lamps suspended on al- 
ternate sides of the street (Fig. 4), the 
estimates had to cover 60m., since two 
lamps are arranged alternately here accord- 
ing to the same ratio; the points were tak- 
en, as in the previous case about a meter 
apart from lamps I and II. 

In connection with this, it will be noted 
that the distribution of the illumination 
along the curb from the lamps suspended 
over the middle of the street is exactly the 
same as the distributing of illumination over 
the middle of the street from the lamps 
suspended on alternate sides of the street; 
since the intensity of illumination depends 
only on the distance of the light source 
and the angle at which it falls, and not 
upon the direction to right or left from 
which the rays of light come. The advan- 
tages of lamps suspended on alternate sides 
of the street in avoiding shadows along 
these alternate sides, does not belong to 
our discussion. 

The foregoing figures and curves apply 
primarily to the conditions assumed; but 
they afford a method of solving another 


LAMPS AND TEsT SURFACE ABOVE THE MIDDLE OF THE STREET. 


Lamp Angle of 
Radiation 
fe) 5 Io 15 
a! TA 00 ZF OSM Ol EA OMmORaO 
ial 7.I—I14 Ov5/ 4a OOM ON 717 mEOMOs 
BUI NAG 7h. Tl On24) FOu27 2 BOss Taos 
IV 2.6— 4.6 OULA) OFS stOnLOmmOndc 
V 2.8— 3.6 0709) ONO MOeT ON Onin 
VI Degli Pees 0200) O07) O07) OL O7 
Vi ae ee anes eet LU A. gE Oe 
Total Se LOds OFt Sigh OOS 


Illuminometer Stations. 


20 25 26 oF 28 29 30 
TOM AL el 3 HOOD 1hL3.O3 cn) Tiers Ose so teers GaN ACL .G amare 
2B 180) 1.56 TOI Wages abs) (x9) Bes @it eines 
©.40 0.46 0.48 °.49 Ons ln 53 OL Sa 
On 20mm O22 On22 On23 O23) Onl fanned 
Onn Ona Onis Ons ©.I14 0.14 0.14 
0.08 0.09 0.09 0.09 0.09 C.09 0.09 
entaecs ee Roe Be ae sae Rete t eee LOO 


125.23 oTOe 2 eat5 50 ee 4c OD | en Oem ONES BELO 


AVA BIE wl 
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LAMPS ABOVE THE MIDDLE OF THE STREET, TEST SURFACE 6M FROM THE MIDDLE 
OR 
LAMPS 6M FROM TH2 MIDDLE. Test SURFACE ABOVE THE MIDDLE OF THE STREET, 
Lamp Angle of lilumi i 
ea ae uminometer Stations 
° 5 Io 15 20 a 26 27 28 
a 13). 6-5 103 HOE AsGOe G30 Goan EO 7.88 Gs aie) 5.89 4 24 Bae #5 
i gh esa ie OFS See GOSu On 70) O42 Tels I.46 I.54 1703) 0272 I.91 2.90 
IV Co ores fia | OF Za: O..27 ONS: t 0.35 0.40 °.46 0.47 0.49 0.50 0.52 0.53 
u B= He) OelAy Or 5. Os t00) OLS 0.20 0.22 0.22 0.23 On220) 0,22 O24. 
VI aaa B70 0.09 ©.09 o.1IOoO OF LL Ona? 0.13 0.13 0.14 9. 4 Cc.14 0.14 
VII a ee 0/08. S.09. 0,09 . 18.09 0.09 
Total 20 ONG SOmN SOS ORO 4 OMA SaerOn 23 9.54 8.47 6.89 5.02 2.06 
LABEL 


case also, in which the relation of the height 
of lamps over the test surface to the dis- 
tance of the lamps from each other remains 
the same as in our example, 7.5:30=1:4; 
also where the intensity of the light source 
is greater, or the lamps hang lower and 
nearer to each other in the same ratio, the 
intensity of illumination on the test surface 
increases at all points by about the same 
degree, so that the ratio of the intensities 
at the various points remain the same, and 
the form of the curves is not changed; the 
differences in intensities upon the same sur- 
face becoming numerically greater, the 
curves become correspondingly steeper. 

Fig. 5 shows that in the case of lamps 
suspended over thé middle of the street, 
the intensity on a perpendicular test sur- 
face increases as a lamp is approached, a 
maximum being reached possibly 5m. from 
the lamp, then falling abruptly to the point 
directly underneath. At the latter point 
lamp I produces no illumination whatever 
on the test surface, which is illumined only 
from the lamp further on. In the case of 
lamps suspended obliquely to the test sur- 
face (Fig. 6) the effect is similar, only 
the differences are not so great. 

In the case of lamps suspended on al- 
ternaté sides of the street if the test sur- 
face is moved beneath either of these rows 
(Fig. 7), the intensity increases slightly 
at first, drops somewhat at 30m., because 
Lamp I ceases to have effect at this point, 
and reaches a maximum 5m. from lamp II, 
which is no greater than in the case of 
Fig. 5, because here the lamps suspended 
further along the side of the street send 
their light downward toward the test sur- 
face at a less acute angle than in the first 
case. 

As a suitable measure of the variation 
in illumination, the ratio of the maximum 
and minimum illumination to the average il- 
lumination may be taken; but in this case 
the average illumination must be obtained 
by an integration of the entire illuminated 
surface, as was done by L. Bloch. In 
another instance Bloch assumes as an aver- 
age illumination the arithmetical mean be- 
tween the greatest and least intensity, 
which is evidently not a proper assumption. 

In case the average illumination is un- 
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known, and the maximum and minimum 
lie near each other, as can be seen from 
the curves, so that the inequality is per- 
fectly apparent to the eye, one can assume 
a ratio of the least to the greatest in- 
tensity. 

The ratio gives the following measure- 
ments: 




















Lamps over middle of street. 

Test line in the center 

max P5e5 Ose. eos 

min 220 
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min _—2.96 37 

Lamps arranged on alternate sides of the 

Street. 
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In the latter case, when the greatest in- 
equality appears, it is noticeable that, ac- 
cording to Fig. 7, upon more than half of 
the surface observed, the uniformity of il- 
lumination is by far greater than in the 
other instances. 

These results may now be compared with 
those obtained by Dreschmidt in Leipziger 
St., Berlin, whose figures furnished the 
data for the calculations. The difference in 
the distance of the lamps from each other 
(according to Dreschmidt 33m., in this case 
30m.) is of no great importance. 

First to be noted are the values. measured 
by Dreschmidt for the illumination on a 
vertical plane on a test line along the middle 
of the street where the electric lamps are 
suspended. 





Illumino- INTENSITY ON VERTICAL PLANE ABOVE 





meter THE MIDDLE OF STREET. 

Stations. Right. Left. Mean. 
33 il, BS 2205 1263 
22 Ge Sel Byeates) 4.34 
1 9/ ele] 4.39 B03 
Te 2.28 6.81 Abe 
° if en Te OOmms tb Ay 

TABLE IV 


It may be stated here, that Dreschmidt 
has measured the illumination on the far- 
ther side as well as the near side of the 
street on a perpendicular surface perpen- 
dicular to the street, and in the table the 
two sides are indicated as right and left. 
But at the same time it is not right to take 
the average of both of these intensities and 
to draw conclusions as to the inequality of 
illumination from such average figures; 
for only in case of a transparent surface is 
a value given to the illuminations falling 
simultaneously upon it from both sides of 
the street. According to Dreschmidt’s com- 
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parison of inequality (Gee on the right 


4.41, left 3.18 and on average of 2.72, also 
in the average values less than right and 
left. The Dreschmidt figures must be 
placed as much nearer each other as given 
in the following table, where they show the 
variation of the intensity in the direction 
toward either end of the street. Theoreti- 
cally, both of these rows should be the 
same; if they are not, then it must be in- 
ferred that the lamps burning in the one 
direction from the test surface have a 
different intensity, at the moment of 
measurement from the intensity of those 
in the opposite direction; from which it is 
evident that the intensity is derived from 
the nearest lamps in both directions. 
From the less intensity measured by 
Dreschmidt, in comparison with the inten- 
sities which I measured, it must be assumed 
that the intensity of the electric arc enclosed 
in translucent glass burning in Leipziger 
street is only half as great as I have as- 
sumed according to my estimate, and there- 
fore is equal to onlv 1000 Hefner candles. 
In comparing the Dreschmidt figures with © 
those I obtained, the difficulty presents 
itself at once that the Dreschmidt figures 
for the positions O and 33 are not the same, 
as they should be theoretically, and on ac- 
count of the difference in intensity of the 
various lamps, the comparison is imprac- 
tical. Nothing remained but to compare 
with each other the amounts of the five in- 
tensities in both cases, from which the 
reduction factor 2.01 was obtained, and by 
using that in the Dreschmidt observations 
the figures given in the last column were 
obtained. If these are compared with fig- 





LAMPS 6M FROM THE MIDDLE (ALTERNATELY TO THE RIGHT ANH LEFT), TEST SURFACE 6M FROM THE 
MIDDLE. 
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INTENSITY ON VERTICAL PLANE ABOVE MIDDLE OF STREET. 


Illuminometer Stations. 











a : Dreschmidt’s Measurements. Kruss’ Dreschmidt’s 
Dreschmidt Kruss Right. eft Mean. Estimates. Corrected. 

° ° 8 RW 2205 1.69 BELO 2. 

en Io 2228 BTS Di VfB Sate ak 

17 15 SeA7 4.39 3-93 8.02 7-89 

22 29 Sesh 6.80 6.16 13D Ye T2e2'5 

23 30 15 OES I.60 1 Hy 310 2.85 
15.93 31.96 31.96 


ace ecm eee es ee Oe ge EO 
TABLE V 


ures given in the next to the last column, 
both will be found to correspond exactly. 
From this it must be concluded that the 
estimated distribution of illumination from 
the electric arcs in the various directions in 
Liepziger street, whose efficiency Dresch- 
midt has measured, was really a matter of 
fact, and also that the inequality of tk> 
electric arc was entirely balanced by the 
translucent globe used with it. If the 
globes are not too transparent, that is not 
impossible, and occurs, just as in the Kugel 
photometer, through the manifold reflec- 
tions from the inner surface of the globe. 

Since Dreschmidt’s observations com- 
menced 11m. from the point directly under 
the lamps, he has missed the maximum in- 
tensity of the vertical surface for compari- 
son, as it lies about 5m. from this point. 

In the same manner  Dreschmidt’s 
measurements along the curb have been 
placed side by side in the following table 
with the intensities I obtained. 


The simplest arrangement seems to be the 
suspension of the lamps over the middle 
of the street with the test surface also 
over the middle. Table I shows that in 
this case lamp I has the most efficient angle 
of radiation at an angle of 76 degrees, 
while that of the more distant lamps, II 
to VI, varies from 2.4 to 14 degrees. Of 
these lamps (II to VI) lamp II furnishes 
the greatest quantity of illumination, so that 
any change in the light it gives out would 
have an effect upon the general result. A de- 
crease in the effect of lamp IJ would seem, 
however, not very probable if its effect in 
the positions near lamp I (at 29) is con- 
sidered. An increase is, however, equally 
irrational, since the effect of lamp I must 
be then diminished more than is reason- 
able. It therefore seems logical that the 
proportion of radiation between zero and 
14°, and also the effect of lamps II to VI, 


tion should be applied equally to all direc- 
tions within the angles from 14° to 90°, 
within which lamp I effects the measuring 
surface. 

The problem now remains to determine 
to what intensity the correction shall be 
applied, whether the maximum, minimum, 
or the average illumination. The maximum 
would seem to be excluded because the 
form of the distribution curve is unnatural. 
In the following comparison therefore the 
correction is supplied only to the minimum. 
In this respect it must be particularly 
noticed that the resulting intensity, 3.01, 
signifies only that this intensity arises when 
the lamps are 2000 c.-p. in a horizontal di- 
rection, and their curves of distribution 
correspond to the figures given. By the 
simple increase or decrease of the intensity 
of the light-sources, the resulting intensity 
is varied proportionately. This curve is 
shown in Fig. 8, which indicates that the 
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should remain unchanged, i. e., the correc- HYG. oO! 
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lamps must radiate as little light as possible 
below the horizontal, and also that the light 
sources have an exactly opposite distribu- 
tion from the flaming arc lamp, which, as 
has been admitted, gives an unequal il- 
lumination. The use of reflectors must 
also be avoided, since they direct the up- 
ward light directly downward. In order 
to utilize this upward light, it must be 


directed by special reflectors which cause - 


the light to radiate horizontally. <A light- 
_ source having the theoretical curve is diffi- 
cult to construct, at least if it is to work 
with efficiency. An electric arc provided 
with a globe having Fresnel lenses, which, 
as in electric light houses, usually reflects 
a large part of the light almost horizontally, 
might be used. 

It will be seen that Dreschmidt’s curve 
of radiation of the Welsbach light comes 
nearer to being the ideal curve than that 
of the electric arc, since in the Welsbach 
light the maximum radiation is in the 
horizontal direction. On this account, 
Dreschmidt secured a far greater uwni- 
formity of illumination on the verticaf 
plane in the light of Frederick street, where 
Lukas lamps were used, than in Leipziger 
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street, which is lighted by electric arcs. 
The newer forms of Lukas lamps, the dis- 
tribution of which has been recently 
described by Wedding, approach very nearly 
the theoretical curve. 

The comparisons given in tables VIII and 
IX show the intensity on the vertical plane 
between the lamps when the _ theoretical 
curve obtained from the first arrangement 
(lamps and test surface above the middle of 
the street) is used. In both of these ar- 


_rangements the ideal curve shows a very 


uniform distribution on the vertical plane, 


as might be expected, since the character 


of these curves is very similar. 

The numerical value of the calculations 
applies to the figures given, and particularly 
to the ratio of the height of the lamp above 
the measuring surface to the distance be- 
tween the lamps (in this case I to IV) de- 
termining the angle of incidence. It is 
hardly necessary to calculate the values for 
other angles of incidence, since data can be 
obtained from the foregoing figures to de- 
termine the nature of the curves in such 
cases. If the lamps hang lower, and at the 
same distance from one another, the illumin- 
ation is less uniform, since the angle of 
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incidence becomes greater in all positions 
on the. vertical surface, and the intensity 
consequently increases. The decrease in 
eitect produced by the increase in the angle 
of incidence is offset by the increase in ef- 
fect produced by the approach of the test 
surface to the light source. The less the 
compensation, the greater will be the in= 
equality of illumination. ; 

I did not determine the intensity on the 
horizontal plane for the various. positions, 
not only because I consider these less im- 
portant, but principally not to weary with 
a further accumulation of figures which the 
reader can easily make for himself. The 


pleasant opportunity has been afforded of 


showing that the calculation of these values 
explains many results of observation, which 
is the principal reason for the foregoing 
discussion. 7 


THE DACH PHOTOMETER 
By L. WEBER. 


From Zeitschrift fiir Beleuchtungswesen, 
October 30. 


In the article on the present status of 
the Photometer, by A. C. Jolley, in a for- 
mer issue of the Zeitschrift fiir Beleuch- 
tungswesen, a simple photometrical ap- 
paratus called the ‘Trotter Photometer” 
was described. I described this same in- 
strument myself at an earlier date, and 
called it the “Dach Photometer.” As far 
as I recall, I made my first announcement 
concerning it at the meeing of the Na- 
tional Science Association, at Schleswig- 
Holstein, April 10, 1893, and have since 
given a complete description in “The Hand 
Book on Hygiene,” by Th. Weyl (Vol. 4, 
part I, page 52), under the title of “Tllu- 
mination.” The only difference between 
my instrument and the Trotter Photome- 
ter, which is shown therein, is that I have 
chosen a square screen spot, while in the 
Trotter a star shaped one is used. In the 
latter case it is impossible to perceive any 
improvement, since it is much more diffi- 
cult to cut the star shaped opening in the 
cardboard smooth enough so that the sur- 
face cut will not present a line disturbing 
to the eye. 

Until 1887 the Bunsen Photometer took 
the lead as being the most sensitive of all 
the photometers depending upon the sim- 
ple law of distance, and was adapted for 
most practical purposes. This superiority 
depended upon the fact that both sur- 
faces, whose equal intensity of illumina- 
tion was to be determined by the eye, were 
contiguous, so that the circle in the cen- 
ter was such that there was no noticeable 
line of separation made by the outer sur- 
face and both being of equal intensity to 
the eye, appear as one uniformly illumi- 
nated surface. 


A second advantage was that the light- 

sources to be compared were on opposite 
sides of the photometer. By this means it 
was possible to adjust the instrument ex- 
actly, to leave light-sources sensitive to 
jarring undisturbed, and to make the meas- 
urement by a single setting. 
- The complete theory of the Bunsen 
Photometer, as stated by me then, showed 
that in the visible difference of intensity 
it was only % as sensitive as other photom- 
eters in which but one light source illu- 
minated a single surface of the two to 
be compared. On the Bunsen screen, vari- 
ous kinds of paper being tried, the trans- 
mitted light and reflected light mingle in 
a manner highly detrimental to sensitive- 
ness. ‘The theory showed that to remove 
this prime objection a screen must be used 
of absolutely white, opaque cardboard, 
capable at the same time of rendering the 
grease-spot perfectly transparent. To ful- 
fill both of these conditions was manifestly 
impossible. At this point a clever scheme, 
worked out by Messrs. Lummer & Brod- 
hun, of inserting two similar surfaces illu- 
minated by the light sources, and viewing 
these through their highly ingenious ar- 
rangement of prisms, removed this diff- 
culty. The center of the prism is perfectly 
transparent to one light-source, and the 
part around the center reflects the light 
equally well without confusing the reflected 
rays, and without losing the advantages of 
the Bunsen Photometer, namely, the con- 
tiguity of surfaces to be equally illumi- 
nated, and the position of the screen 
being on a direct line between the light 
sources. By means of this device the Bun- 
sen Photometer was improved three-fold, 
and the Lummer-Brodhun instrument 
quickly supplanted the old Bunsen form by 
its very simplicity. Every theoretical re- 
quirement is fulfilled in the principle of my 
little Dach Photometer, in that the spot (in 
this case the opening) has obsolute trans- 
parency, and the surrounding cardboard 
is opaque, while each surface examined is 
illuminated from the one light-source. For 
these reasons the Dach Photometer gives 
the simplest solution of every theoretical 
demand, and therefore a return to the use: 
of the sharply cut and acute angle screen 
spot seems highly improbable. 


THE TECHNICAL PECULIARITIES 
OF THE INVERTED INCANDES- 
CENT GAS BURNER 


By H. SUSSMAN. 


From Journal fiir Gasbeleuchtung, Munich, 
Sept. 22, 1906. 


Lamp makers have endeavored for many 
years to make an incandescent gas burner 
comparable in its decorative effect to the 
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pleasing form of the incandescent electric 
lamp, and also to increase the efficiency of 
illumination at the same time. They have 
sought to attain both of these objects by 
inverting the incandescent gas burner so as 
to give the maximum intensity in the lower 
hemisphere. 

There can be no doubt that in cases 
where intensity in the lower hemisphere 
is necessary such an inverted burner has an 
advantage over the upright Welsbach, in 
which the light can be directed below only 
by means ofa reflector, and that with a loss; 
but on the other hand, where it is desirable 
to illuminate the entire room, as in the case 
of living rooms, in order to display the 
mural and other decorations, the old time 
upright burner will never be supplanted by 
the inverted. 

Now, after the importation of the invert- 
ed burner has increased as greatly as it has 
during the past three years, and having 
created universal interest, the question is 
being seriously raised by various authori- 
ties and governments as to its suitability 
for street illumination. 

Already a large number of inverted 
burners of various construction have ap- 
peared on the market, and disappeared 
again, and still every day new forms are 
being introduced. 

In the patents on inverted burners two 
diametrically opposed principles have been 
followed. In the one case the object is to 
keep the mixture of air, as in the Bun- 
sen burner as cool as possible; in the 
other, to heat the mixture as much as pos- 
sible on the assumption that this pre-heat- 
ing produces an increase in light and a con- 
sequent economy of gas. 

It is evident that in the case of the in- 
verted Bunsen burner, in which, contrary 
to the upright burner, the flame burns be- 
low the nozzle and mixing tube, the gas 
burning upwards, according to nature, the 
different parts of the fixture are heated 
greatly, as well as the gas and air circulat- 
ing in the tube. There is also no doubt that 
any heating of the gas before burning must 
give an increase of energy and an increase 
of flame temperature, unless other forces 
are set in action at the same time which off- 
set the increase of energy gained by heat- 
ing. 

If the mixing tube of an upright Wels- 
bach burner be heated, the upward flow of 
gas should be increased on account of the 
increase in pressure due to the heating, and 
the increased velocity thus produced should 
be followed by a corresponding increased 
suction of air; at least this would seem to 
be a natural supposition. Experiment, how- 
ever, shows the contrary to be the case. If 
the mixing tube of a Welsbach burner, 
which has been carefully adjusted and 
shows the characteristic short green inner 
flame just above the burner, be heated by 


means of another Bunsen burner, it will 
be noticed that, as the heating proceeds, 
the green inner flame lengthens and its 
color becomes more like the surrounding 
flame, until finally a luminous flame is pro- 
duced similar to that of an Argand burner. 

The lower the gas pressure supplied to 
the burner, the lower the temperature of 
combustion. This phenomena is found not 
only in the Welsbach burner, but an experi- 
ment with the ordinary Bunsen burner 
shows the same fact. If a Bunsen burner 
is inverted, and the products of combus- 
tion kept from entering the air-holes of 
the burner by a suitable arrangement, the 
burner tube will become highly heated, not 
only by the heat conducted from the flame, 
but to a greater extent by the rising stream 
of highly heated gases. 

By inverting the burner the direction of 
the flow of gas is likewise inverted; but 
the force of the upward pressure will not 
be thus changed, so that in the inverted 
burner, contrary to the case in the upright, 
the upward pressure acts as a retarding 
force, which increases with the rise in 
temperature. This phenomenon may be 
observed by heating an upright burner, but 
is much more apparent in the inverted 
burner. If the ordinary laboratory Bunsen 
burner be inverted and jacketed so as to 
prevent the combustion gases from entering 
the air holes, it will be noticed that at 
first, so long as it is cold, it continues to 
burn with the normal Bunsen flame; but 
that as it becomes hot the Bunsen flame 
grows fainter, and finally a luminous flame 
is produced. If the intensely heated burner 
is now returned to its original position 
the flame will continue to burn in a normal 
manner from the moment of lighting. The 
rate of the flow of gas through the nozzle 
is retarded to such an extent by the back 
pressure due to heating that not enough 
suction is produced to provide the requisite 
amount of air. If such inverted burner 
is fitted with a mantle, and the burner tube 
surrounded with a water jacket in which 
water is kept circulating, it will be seen 
that so long as the tube is kept cool the 
flame does not change its normal condition. 

These experiments show that, along with 
the positive increase of energy due to the 
heating of the gases, a counterbalancing 
force is produced which retards the flow of 
gas, as is apparent by the change in the air 
suction produced. Thus, while increased 
energy is obtained by the pre-heating pro- 
cess on the one hand, it is also counter- 
acted, and if the loss exceeds the gain the 
pre-heating process gives a corresponding 
negative result. ; 

These experiments show that pre-heating 
the gases in the inverted burner does not, 
in all cases, signifv an increase in efficiency. 
Since the temperature of the Bunsen flame 
increases with the quantity of air used, and 
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since inverting it decreases the air suction, 
it follows beyond a doubt that in the case 
of the inverted wurner the temperature of 
the flame is increased by the pre-heating 
process, but that this in turn is lost on ac- 
count of the decrease in the supply of 
oxygen. Pre-heating therefore affords a 
limited gain, if any. 

Tithe practical «use of the inverted 
burner only two conditions need be con- 
sidered. At the moment of ignition the 
’ burner is cold, and therefore has a greater 
air suction than later, when it begins to 
heat up. The quantity of air requisite to 
the practical operation of the burner must 
be regulated first of all so that when cold 
there is.no greater air suction than is ne- 
cessary in order to avoid the flame striking 
back; since in proportion as the tube be- 
comes heated, the air suction diminishes 
and the combustion becomes incomplete. It 
is noticeable in such a burner if it be used 
without the mantle, that shortly after light- 
ing the flame exhibits the characteristic 
green inner cone of the correct Bunsen type, 
and this green inner flame gradually fades 
and lengthens. If the air-holes are pro- 
vided with a sliding ring for adjustment, 
so that more air can be admitted after it 
becomes hot, the light will be increased. 
On account of this, if it is necessary to 
again light such a ourner after it has cooled, 
the air holes must first be closed, as other- 
wise it is difficult to light it. Such man- 
ipulation of a burner, however, entirely ex- 
cludes it from practical use. 

In the laboratory, however, this method 
is often used to determine the extent to 
which the pre-heating of the gases in the 
inverted burner is of advantage in the pro- 
duction of light. 

Many inventors who make their own 
burners regulate them while in operation in 
the manner described. In all such burners, 
in which the regulation has been adjusted 
while hot, I have extinguished the burner 
and aliowed it to cool before relighting it, 
in which case it was plainly shown that 
re-lighting was impossible, as the flame 
struck back, so that the air holes had to be 
first closed up. When efforts were made to 
regulate the burner, so that it would be 
unnecessary to adjust it after lighting, and 
in consequence the illumination did not 
meet expectations, the inventors were al- 
ways convinced of their error. This ex- 
planation clearly indicates that the high 
efficiency ‘which inverted burners have 
shown by laboratory measurement are fre- 
quently not obtained in practise. I am of 
the opinion that laboratory results are not 
wholly reliable, and that the results of prac- 
tical use must be determined as well. 

From these observations it would seem 
that the best inverted burner would be the 
one in which its condition changes least 
from that which it has at the moment of 
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lighting. Accordingly that construction will 
be best and most practical in which not the 
greatest amount of pre-heating is aimed at, 
but an approach to the two different con- 
ditions that maintain at the time of igni- 
tion and after continued burning, and in 
which the air suction is not affected by the 
condition of temperature. Over-heating of 
the burner tube is. undesirable, since, be- 
ing made of brass it becomes brittle after 
continued heating and soon falls to pieces. 
In such burners it will be noticed that dark 
scales produced by oxidization of the metal 
fall on the glass globes used. The sulphur 
present in illuminating gas has its full 
share in this result. Upon these purely 
practical grounds it is recommended that 
the burner tube be protected from the effect 
of all hot gases. 

It is also to be noted that inverted burn- 
ers in which the gas is pre-heated to any 
considerable extent are not suitable for use 
on the lower gas pressures. Not only ex- 
perience, but a little consideration of the 
theory will show this to be true. The 
energy of the air suction is the difference 
between the energy of the gas issuing from 
the nozzle, and the counteracting back pres- 
sure. ‘This is mathematically expressed by 
the equation L = E — A, in which L indi- 
cates the energy of the air suction, E the 
energy of the gas at the nozzle, and A the 
back pressure. The greater A becomes in 
proportion to E in this equation, the less L 
becomes. The energy of the gas at the 
nozzle varies as the square of its velocity. 
The equation is: 


MV? 


2) 


i 





If, for example, the gas vressure falls 
from 4 to 3 mm., or about 25%, the velocity 
is decreased to 85%, and the energy to 
20.5% of the original. ‘Lhe force of the 
back pressure varies as the mass, and also 
with the velocity, i. e., with the square root 
of the gas pressure; it is therefore 85% of 
the original back pressure. While the en- 
ergy of gas flow in the assumed example is 
changed a little more than 80%, the force 
of the back pressure is only about 14%. 
From this it follows that the greater the 
back pressure, the less will be the difference 
in the downward pressure between these 
forces, which represents the force of the air 
suction. 

The following example will make this 
clear: Let ‘the energy of the flow of gas, 


E. = 10, and the energy of the back pres- 
sure A, = 1, then the actual working ener- 
gy E—A= 9. In the decrease of gas pres- 


sure from 40 to 30 mm., as above cited, or 
about 2590, falls to 2.05;°and A> to 86; 
therefore in this case E—A=2.05—-86 = 


CPstG: 


If the back pressure increases from 1.0 
to 1.5 on account of heating, as, for ex- 


904 THE ILLUMINATING ENGINEER. 


ample, to a temperature of 150°, which may 
happen, then the force of the gas flow E— 
A=2.05—1.5==.55:° of -the . original - force. 
While the remaining energy of gas flow 
is reduced from 2.05 to I.19, or about 42%, 
when the burner is cold, it is decreased 
more than 73% when raised to a high tem- 
perature. From this it follows that when 
raised to a high temperature, and the back 
pressure is consequently increased, the gas 
pressure needs to be decreased but little to 
render the inverted burner a complete fail- 
ure. A practical test confirms this state- 
ment. Over-heating is, therefore, not only 
unnecessary, but greatly endangers the 
practical utility of the inverted burner. 

Now, as it is impossible to keep an in- 
verted burner alwavs cool, since it has been 
shown that cooling with water is imprac- 
tical, keeping it as cool as possibly by some 
suitable arrangement must suffice. This 
may be most readily accomplished by keep- 
ing the products of combustion at a dis- 
tance from the burner tube, by diverting 
them from the point where they are gene- 
rated, and by endeavoring to prevent the 
conduction of heat by the use of proper 
insulators. 

In order to obtain a balance of air suc- 
tion at the burner in both its hot and cold 
states, which can never be fully accom- 
plished, an arrangement suggests itself for 
the automatic regulation of suction. Such 
a device is found in a piece of wire gauze 
placed in the expanded part of the mixing 
tube. The operation of this device de- 
pends upon the well-known law that the 
resistance which a surface presents to a 
current Of Gas of air 1m motion: 1s pro- 
portionate to the specific gravity of the 
medium in motion. The wire gauze pre- 
sents a perforated surface, the obstructing 
parts of which offer a known resistance to 
the current of gas and air. 

If the current of mixed gases becomes 
heated on passing through the heated tube, 
its specific gravity will be diminished and 
the resistance of the wire gauze decreased. 
By a suitable selection of gauze, and by 
raising the gas and air mixture to a cer- 
tain temperature. this variation will have 
the same ratio as the decrease in resistance 
of the gauze bears to the increase in the 
back pressure cause by heating. By this 
simple means it is possible to obtain a 
balance, at least within certain limits. 

It has already been mentioned that it is 
impossible to keep the inverted burner per- 
fectly cold. This is the reason why the 
normal dimensions of the Bunsen burner 
cannot be supplied to the inverted burner. 
According to the well-known empirical 
rule, the diameter of the mixing tube in the 
Bunsen burner should have a cross sec- 
tion 75 times as great as the cross section 
of the nozzle opening. This rule is based 
upon the fact that, under ordinary condi- 


tions of pressure, the velocity of gas at the 
nozzle amounts to about 25M, and of the 
gas and’ air mixture at the burner head to 
about 1M, and that the gas must mix with 
three times its quantity of air. In the in- 
verted burner the gas and air increase in 
volume on account of heating, which must 
be taken into consideration. On this ac- 
count inverted burners do not have the di- 
mensions which they would have according 
to this rule, the burner tube having a con- 
siderably larger cross section. The heating 
of the gas and air mixture takes place on 
the way to the burner-head. The tube must 
therefore be constructed accordingly at the 
mixer, and must widen toward the burner 
to allow for the expansion of the gases. 
The important fact follows that a burner 
tube of uniform dimensions is of great ad- 
vantage, and that the burner is sensitive to 
sound waves. By means of this arrange- 
ment the greatest possible quantity of air 
is mixed with the gas. 

It is well known that the motion of 
gases is transmitted only to a certain ex- 
tent; the current of gas issuing from the 
nozzle will set the air about it in motion 
only within a certain radius. The particles 
of moving air produce friction among the 
adjacent particles in transmitting their 
motion. Now, since the friction of a 
stratum of gas or air is greater against 
another stratum at rest, or moving more 
slowly, than against the surface of a solid 
body, it is evident that a greater loss of 
energy by friction will be produced in a 
burner tube of too great diameter than in 
a narrower one, in which the only friction 
encountered by the moving column of air 
is from the walls of the tube. It is, there- 
fore, apparent that the dimensions of the 
mixing tube of a burner must be kept with- 
in certain limits. Experiments show that 
when the Bunsen tube of an upright Wels- 
bach burner is widened beyond the usual 
size the Bunsen flame and the illumination 
are not improved, but are rather impaired. 
The same applies to the inverted Bunsen 
burner. For this reason it must follow 
that the tube of an inverted burner should 
begin with a dimension of cross section de- 
termined by experience, and must widen 
at the head in accordance with the expan- 
sion of the heated gas. This construction 
until recently was unusual, having received 
little or no attention at first, but has lately 
come largely into use. 

Besides these principles, based on physi- 
cal laws, still more weighty considerations 
arise from the actual construction and use 
of such burners. The regulation, that is, 
the adjustment of the size of the nozzle 
holes to the variations in gas pressure, is 
usually accomplished in the upright Wels- 
bach burner by enlarging the nozzle open- 
ing with a reamer, or closing it up with a 
punch. Such regulation is not only neces- 
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sary in each new installation, but also when 
an old mantle is replaced with a new one, 
since mantles are not always of the same 
size, and consequently vary somewhat in 
shape, so that the web would not lie in the 
hottest portion of the flame. The accurate 
regulation by reaming or punching the fine 
nozzle holes. takes considerable time, and 
can be done only by a workman equipped 
with the necessary tools. It is, therefore, 
necessary to construct a regulating nozzle 
which will not only displace the use of the 
reamer and punch in some simple manner, 
but also make it possible for the user to 
adjust the burner so as to obtain the maxi- 
mum illumination from the gas used after 
replacing the mantle, or when there is 
occasional increase of pressure. A regulat- 
ing nozzle is essential in the inverted burn- 
er also because the burner parts become 
highly heated, and hence require a long 
time to cool after turning off; and it is 
often necessarv to light them several times 
before the right adjustment of gas is ob- 
tained. This regulation of the nozzle in the 
case of the inverted burner is a very deli- 
cate operation, as it is also in the upright 
burner, and because of the great care ne- 
cessary there is no doubt that a regulating 
nozzle for this type of burner is very im- 
portant. 

In a good regulating nozzle the flow of 
gas should not be obstructed at the open- 
ing, as an obstruction to the flow of gas 
between the inlet and the nozzle opening 
reduces the pressure, which in turn dimin- 
ishes the energy of the gas jet, so that it 
does not draw in the necessary amount of 
air into the mixing tube. In order that the 
gas may be adjusted to give full pressure 
at the nozzle opening 1t must be so con- 
structed that the opening may be varied ac- 
cording to the flow of gas without diminish- 
ing the pressure. This is possible only with 
a nozzle having a plate, as in the ordinary 
s-hole nozzle, since the friction is then re- 
duced to the least possible extent in the 
short space corresponding to the thickness 
of the plate, which in this case is small. 
Moreover, an opening in a thin plate has 
the advantage of lessening the sound of 
flowing gas. 

The inverted incandescent gas burner has 
recently come into use for exterior illumin- 
ation also; and for this purpose it has been 
used either singly, or grouped in a fixture. 
In the consideration of lamps designed for 
exterior illumination the same principles 
are desirable as in the ordinary inverted 
burner, viz. 

1. The products of combustion must be 
kept at a distance from the burner tube. 
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_ 2. The burner tube should have a special 
widening at the burner-head. 

3. A wire gauze should be placed in the 
mixing tube. 

4. Ihe burners must be readily adjust- 
able by a regulating nozzle. 

5. A special soot receptacle must be pro- 
vided to protect the nozzle. 

It is evident that such a fixture must also 
be proof against rain and water. 

Experience has also shown.that it is no 
small advantage in a lamp to have the inner 
parts accessible so that they can be readily 
changed, so that after long use the burner 
tube may be freed from the dust accumula- 
tion that is drawn into it without the ne- 
cessity of removing the lamp from its sup- 
port. - It is of equal advantage to be able 
to remove the burner tubes easily without 
having to take the lamp apart. 

Heretofore lamps for exterior illumin- 
ation have been lighted by means of pilot 
flames. These pilot flames are permanently 
fixed above the mantle in the chamber 
through which the combustible gases are 
conducted. This arrangement is objection- 
able because the small flame, receiving in- 
sufficient oxygen, invariably becomes sooty. 
For this reason the pilot flame should not 
be placed within the combustion chamber 
proper, nor in the supply tube. In a recent 
construction the pilot flame is placed over 
the partition between the combustion cham- 
ber proper and the air chamber holding the 
burner tube. In this case there is a small 
opening in the partition below the pilot 
flame through which ignition takes place. 
The suction of the chimney draws up the 
gas of this pilot flame and ensures its re- 
ceiving a sufficient amount of air, and also 
that the gas emanating from it shall not 
affect the burner. The lighting of lamps 
without the aid of the pilot flame has been 
unknown until recently, and there are in- 
deed some difficulties attending even the im- 
proved method. For instance, if an attempt 
is made to light the lamp through the chim- 
nev a serious explosion results, which may 
easily destroy the entire lamp. 

We see that this field offers a wide terri- 
tory for inventive genius, but only those 
inventors will obtain practical 1esults who 
are not led by the momentary caprice of 
imagination, but who take advantage of 
their knowledge of the peculiarities of the 
inverted burner and who practically apply 
the knowledge thereby obtained. The points 
that I have presented may afford some sug- 
gestions for the construction of inverted 
burners, and may be helpful in distinguish- 
ing the useful from the useless, and so 
guard against discouraging experiments. 
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Commercial Engineering of Illumination 


MEETING PROVISIONAL ORGAN- 
IZATION COMMITTEE OF THE 
CO-OPERATIVE ELECTRICAL 
DEVELOPEMENT ASSOCIATION 


Last March, it may be remembered, a 
joint meeting of a number of leading men 
from all branches of the electrical trade 
was held in New York. At this meeting 
a very representative committee was ap- 
pointed to co-operate in developing the 
plans and in perfecting the organization. 


Mr. W. M. McFarland, acting vice-presi- 
dent of the Westinghouse Electric & Manu- 
facturing Company, chairman of this com- 
mittee, called’ a meeting for Dec. 13th, 
1906, at the Imperial Hotel, New York, to 
further consider the objects, plans, results 
and organization of the association. 


At the morning session Mr. J. Robert 
Crouse presented a paper dealing with the 
work and results, which was fully dis- 
cussed. 

This was followed by a further paper on 
the commercial plans formulated for the 
future, which was likewise discussed from 
various points of view. 

At 1.30 P. M. the gentlemen present 
lunched together, and at 3.00 P, M.. as- 
sembled for the afternoon session. 

The first part of the session was devoted 
to a reading of the proposed Constitution 
and. By-Laws, after which a general and 
lively discussion of the entire proposition 
was indulged in. 

The sense of the meeting was crystallized 
in the following resolution, introduced by 
Mr. Walter Cary, of the Sawyer-Man 
Electric Company, which was unanimously 
passed: 

“RESOLVED—That it is the sense of this 
meeting that the commercial programme 
untlined for the Co-Operative Electrical 
Development Association for 1907 and the 
future is along sound lines, and gives good 
promise of highly profitable returns to all 
concerned. 

“It is the further sense of this meeting 
that immediate steps be taken to perfect 
the organization of the association and to 
prosecute its commercial plan vigorously, 
pursuant to which the chair is requested to 
appoint three committees, of five members 
each as follows: 

“Committee on Constitution and By- 
Laws. 

“Committee on 
ments. 

“Committee on Commercial Programme.” 

The Chair appointed the following Com- 
mittees: 


Membership  Assess- 


COMMITTEE ON CONSTITUTION AND BY-LAWS. 
{ 

Mr. E. E. Jackson, Chairman. 
Mr. A. D. Page, General Electric Com- 


pany. 
Mr. Walter Cary, Sawyer-Man Electric 
Company. 


Mr. F. J. Newbury, John A. Roebling’s 
Sons Co. 

Mr. W. W. Freeman, Edison Electric 
Illuminating Co., of Brooklyn. 


COMMITTEE ON COMERCIAL PROGRAMME. 


Mr. F. S. Terry, Chairman. 

Mr. W. C. Bryant, Bryant Electric Com- 
pany. 

Mr. R. S. Hale, Edison Electric Illumin- 
ating Co. 

Mr. A. L. Doremus, Crocker-Wheeler 
Co. | 
Mr. W. F. Gillmer, Peerless Electric 
Company. 

Mr. F. Bissell, The F. Bissell Company. 


COMMITTEE ON MEMBERSHIP AND ASSESS- 
MENTS. 


Mr. J. S. Anthony, Chairman: 

Mr. Walter Cary, Westinghouse Electric 
and Mtg. Co. 

Mr. W. W. Freeman, Edison Electric Il. 
Co., of Brooklyn. 
eC Mr. Charles B. Price, Pettingell-Andrews 

O. 

Mr. James R. Strong, Pres. National 
Electrical Contractors Association. 


These committees will, in the immediate 
future, formulate and submit their detailed 
report,to the Chairman of the Joint Com- 
mittee, so that at its next meeting the Co- 
Operative Electrical Development Associ- 
ation may be formally and finally launched. 

In the evening at 8.00, the confreres sat 
down to a banquet, over which Mr. J. S. 
Anthony, of the General Electric Company, 
presided gracefully. 

The more serious business of the day 
having been dispatched, the evening was 
given over to the cultivation of closer ac- 
quaintance and general good-fellowship. 

The following is a list of those in at- 
tendance: 

Mr. W. W. McFarland, Westinghouse 
Electric & Mig. Co.,. Pittsburg, Pa. 

Mr. Walter Cary, Sawyer-Man Electric 
Co., New York, N. Y. 

Mr. W. C. Bryant, Bryant Electric Co., 
Bridgeport, Conn. 

Mr. J. S. Anthony, General Electric Co., 
New York, N. Y. 
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Mie. We Page General Electric Co., 
imatrison.  N. 4. 

Mr. E. S. Keefer, Western Electric Co., 
New York, N. Y. 

Mr. A. L. Daremus, Mr. Rodman Gilder, 
Crocker-Wheeler Co., Ampere, N. J. 

Mr. E. W. Goldschmidt, Wagner Elec- 
tric vite. Co, St. Louis, Mo. 

Mr. F. S. Terry, National Electric Lamp 
Co., Cleveland, Ohio. 

Mr. F. J. Newbury, John A. Roebling’s 
Sonseco.. ‘Ilrenton, N. J. 

Mr. EES Jackson, New York, N. Y. 
Mr. W. H. Blood, Stone & Webster, 
Boston, Mass. 

Mr. W. W. Freeman, Edison Electric Il- 
gene Co. of Brooklyn, Brooklyn, 

Niewiigoe-e. Gilchrist, Chicago Edison 
@ozeChicago,7 Tis. 

Mr. R. S. Hale, Edison Electric Illumin- 
ating Co., Boston, Mass. 

Mr. J. E. Montague, Buffalo & Niagara 
Polom elit. & Pr Go. Niagara Falls; 
NY 

hireebs We lat. Dayton Lighting Co:, 
Dayton, Ohio. 

Mr. F. Bissell, Co., 
Toledo, Ohio. 

Mr. Chas. B. Price, Pettingell-Andrews 
Co., Boston, Mass. 

Nieeames Ree totrong,- Pres. 
Electrical Contractors’ Association, 
Work. Ney. 

The following gentlemen who were ex- 
pected to be in attendance were unable to 








‘The F. Bissell 


National 
New 


be present: 

Mr. Arthur Williams, Pres. National 
Electric Light Association, New York, 
ING Ye. 


Mr. Henry L. Doherty, New York, N. Y. 

Mr. Gerard Swope, Western Electric Co., 
Chicago, Ills. 

Mr. C. A. Stranahan, Allis-Chalmers 
Co., Milwaukee, Wis. 

Mr. A. T. Clarke, American Circular 
Loom Co., Chelsea, Mass. 

Mr. N. W. Rockefellow, Western Elec- 
tric Co., New York, N. Y. 





$2,600, IN PRIZES FOR AN FELEC- 
TRICAL SOLICITOR’S HANDBOOK 


Earlier in the year, as will be recalled, 
the Co-Operative Electrical Development 
Association offered $1,000 in prizes for 
papers oy the subject of the organization 


and conduct of new business departments 
suitable for central stations in cities of fifty 
thousand population and under. These 
prizes were awarded by the President of 
the National Electric Light Association at 
the Atlantic City Meeting on the judgment 
of a special committee, since which time 
they have been given very wide publicity 
through the co-operation of the electrical 
technical press, as well as iussues by the 
association in pamphlet form. 

_ A few weeks since the subject of offer- 
ing prizes for an Electrical Solicitor’s 
Handbook was discussed with the Co- 
operating Committee of the National Elec- 
tric Light Association, and it was decided 
to offer $2,600 in prizes for such a pro- 
duction. The prize money is divided as 
follows: 

$1,000 for the Light Section, of which 
$500 will be awarded as the first prize; $300 
as the second and $200 as the third. 

$1,000 for the Power Section, of which 
$500 will be awarded as the first prize; $300 
as the second and $200 as the third. 

$600 for the Heat Section, of which $300 
will be awarded as the first prize; $200 as 
the second and $100 as the third. 

In general it is desired to secure a hand- 
book which will be both instructive and 
stimulating to representatives of central 
stations, contractors or others who are so- 
liciting the public for the sale of electrical 
service for light, heat and power. 

A little pamphlet is in the course of pre- 
paration containing general suggestions for 
the benefit of those who will compete for 
the prizes, and this will be very gladly sent 
upon request. 

A committee appointed by the president 
of the National Electric Light Association 
will judge the hand-books, or sections of 
the handbooks, submitted, and their decis- 
ion, which will be made just before the next 
meeting of the National Electric Light As- 
sociation, will be announced at that conven- 
tion, and the nine New York drafts for the 
several amounts distributed to the winners. 

The winning contributions, or combin- 
ation of winning contributions, will be made 
of the greatest possible benefit to the elec- 
trical business, along such lines as may be 
later deterinined by the Joint Committee. 

This affords an excellent opportunity to 
make a valuable contribution to the com- 
mercial progress of the art, to achieve a 
reputation for business progress, and withal, 
to be well paid for the time, thought and 
energy required. 
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STANDARD SYMBOLS FOR WIRING PLANS 


AS ADOPTED AND RECOMMENDED BY 


THE NATIONAL ELECTRICAL CONTRACTORS ASSOCIATION OF THE UNITEO STATES, 


COPIES MAY BE HAD ON APPLICATION TO THE SECRETARY, UTICA, N. Y. 





oR 


SF otto 


Ao 


Yee © SEER 








Ceiling Outlet; Electric only. Numeral in center indicates number of Standard 16 C. P. Incandescent Lamps. 


Ceiling Outlet; Combination. 4 indicates 4-16 C. P. Standard Incandescent Lamps and 2 Gas Burners. 


Bracket Outlet; Electric only. - Numeral in center indicates number of Standard 16 C. P. Incandescent Lamps. 
Bracket Outlet; Combination. 4 indicates 4.16 C. P. Standard Incandescent Lamps and 2 Gas Burners. 

Wall or Baseboard Receptacle Outlet. Numeral in center indicates number of Standard 16 C. P. Incandescent.Lamps, 
Floor Outlet. Numeral in center indicates number of Standard 16 C. P. Incandescent Lamps. 

Outlet for Outdoor Standard or Pedestal; Electric only. Numeral indicates number of Stand.-16 C. P. Incan. Lamps. 
Outlet for Outdoor Standard or Pedestal: Combination. § indicates 6-16 C. P. Stand. Incan. Lamps; 6 Gas Burners. 
Lrop Cord Outlet. 

One Light Outlet, for Lamp Receptacle. 

Arc Lamp Outlet. 

Special Outlet, for Lighting, Heating and Power Current, as described in Specifications, 

Ceiling Fan Outlet. 
S. P. Switch Outlet. Show as many Symbols as there are Switches. Or in case of a very large group 
D. P. Switch Outlet. 
3-Way Switch Outlet. 


of Switches, indicate number of Switches by a Roman numeral, thus; S' XI; 


meaning 12 Single Pole Switches. 
4-Way Switch Outlet. 


Automatic Door Switch Outlet. 


Describe Type of Switch in Specifications, that is, 


\Flush or Surface Push Button or Snap. 
Electrolier Switch Outlet. 


Meter Outlet. 

Distribution Panel. 

Junction or Pull Box. 

Motor Outlet; Numeral in center indicates Horse Power. 
Motor Control Outlet. 

Transformer. 

Main or‘ Feeder run concealed under Flcor. 

Main or Feeder run concealed under Floor above. 
Main or Feeder run exposed. 

Branch Circuit run concealed under Floor. 


Branch Circuit run concealed under Floor akove. 


Branch Circuit run exposed. 


[= @———-@-—" Pole Line: 


nade@losdgagquoxn ° 


Telephone Outlet; Private Service. 

Telephone Outlet; Public Service. 

Bell Outlet. 

Buzzer Outlet. 

Push Button Outlet; Numeral indicates number of Pushes. 
Annunciator; Numeral indicates number of Points. 
Speaking Tube. 

Watchman Clock Outlet. 

Watchman Station Outlet. 

Master Time Clock Outlet. 

Secondary Time Clock Outlet. 

Loor Opener. 


Special Outlet; for Signal Systems, as described in Specifications. 


) 


Battery Outlet. 


{ Cireuit for Clock, Telephone, Bell or other Service, run under Floor, concealed. 
(Kind of Service wanted ascertained by Symbol to which line connects. 


§ Circuit for Clock, Telephone, Bell or other Service, run under Floor above concealed. 
( Kind of Service wanted ascertained by Symbol to which line connects. 


NOTE—If other than Standard 16 ©. P. Incandescent lamps are desired, Specifications should describe capacity 
of Lamp to be used. Copyright 1906 by the Nationa) Electrical Contractors’ Association of the United States. 
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Miscellaneous News 


Baker City, Ont—Engineer Sandberg 
has decided that the sum of $5,700.a year 
could be saved by Baker City by the in- 
stallation of a municipal lighting and 
power plant at the cost of $17,492. Mr. 
Sandberg’s plan is to utilize the surplus 
water which is now going to waste from 
the city’s gravity water system. He. fig- 
ures this could be done at little outlay and 
that more satisfactory results could be ob- 
tained by the city. 


Chicago, Ill—The east end women of 
Oak Park have accomplished a temporary 
triumph in their fight with the village board 
for a street light at Lake street and North 
Taylor avenue, Oak Park, by placing lant- 
erns around the entire block. 

For some time they had been petitioning 
the village board for a light at the corner 
of Taylor avenue and Lake street, but have 
been unsuccessful. 

Last night they determined to start a 
lighting system of their own and on a rope 
running from tree to tree hung lanterns 
around the entire block. 


East Orange, N. J.—According to a re- 
port to the East Orange City Council, pre- 
pared-by Henry Floy, an expert employed 
to look into the city’s lighting facilities 
and the project for starting a municipal 
electric light plant, the city has been get- 
ting less than 50 per cent of the light from 
its street lamps which its contract with 
the Public Service Corporation calls for. 

The report has created a sensation and 
not a little indignation toward the city 
officials who, it is charged, are responsbile 
for such a condition of affairs. Mr. Floy 
says he has made tests of some of the 
street lamps, which show that the city is 
getting 22 candle-power from lamps which 
are supposed to furnish 50 candle-power. 

Mr. Floy points out that the contract 
between the city and the lighting monopoly 
“foils to cover the very important con- 
siderations which would permit the Public 
‘Service Corporation to furnish inferior 
illumination without violating its contract 
and probably without fear of detection.” 
‘These are that the amount of light given 
out is controlled largely by the pressure at 
which gas is supplied and the “unfixed 
illuminants permit the quality of gas to 
depreciate even after satisfactory tests at 
time of manufacture.” 
Mr. Floy says that the contract provides 
that the measurements of illumination shall 
‘be made at the company’s works, and_ the 
company does not guarantee any specified 
amount of illumination to be delivered on 


° 


the street surface. He adds that the city 
has no redress so far as the contract is 
concerned, even if it were found that only 
five candle-power was delivered at the 
street lamp, though the power called for at 


‘the works be 50 candle-power. 


Montreal, Can—The new contract for 
electric lighting in streets and public places, 
it 1s proposed, shall cover a period of fif- 
teen years, dating from the expiration of 
the present contract in January, 1900. 

The tender must cover public lighting by 
arc and incandescent lamps, as well as 
electric current for private consumers. In 
this connection, instructions point out that 
the city at present makes use of 1,520 arc 
lamps, 90 incandescent lamps of 65 candle- 
power, and 335 incandescent lamps of 32 
candle-power for public lighting in streets, 
avenues, lanes, parks and other public places 
in the city. 


New York.—In response to the general 
complaint concerning the poor illumination 
in the subway about the stations, the In- 
terborough Co. has begt'n to install more 
lights, especially at the 149th, 125th and 
110th street stations. 

The stations appeared to be very dim in 
the day time and the company, in making 
the changes believed it would reduce the 
possibility of accident during the rush 
hours, it being feared for some time that 
some near-sighted person might stumble 
over the poorly lighted platform onto the 
tracks below. 

The benefits of the changes are already 
apparent. The company proposes to put in 
electrical power at all the uptown stations, 
which, when the improvements are com- 
pleted, will give to the stations at least 50 
per cent. better illumination. 


New Vork (Borough of Brooklyn) —The 
borough of Rockaway has decided to pur- 
chase the plant and wires of the Rockaway 
Electric Light and Power Company. It 
will be operated as a municipal electric 
light and power plant. he borough coun- 
cil was a tie on the proposition to buy for 
$19,000, but Mayor George W. Stickle, 
though declaring his opposition to. public 
ownership in small towns, has decided to 
cast the deciding vote in favor of the pur- 
chase, as it is the wish of the citizens. 

About $5,000 will be needed to bring the 
plant to the highest efficiency, which will 
bring the total cost to the borough up to 
about $25,000. It is expected that the trans- 
fer will be made about January I. Bonds 
will be issued to meet the cost of the im- 


provement. 
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San Diego, Cal.—Articles of incorpora- 
tion of the Pacific Coast Development and 
Securities Company have been filed here, 
with a capital stock placed at $1,000,000, 
The purposes named are to develop power 
for light and electricity. The incorporators 
are: John Campbell, Arthur Small, John K: 
Durrell-and, Brank, Furobulle andsat) is 
claimed by them that they have a large 
amount of English capital behind them. 


Santa Monica,.Cal—Owners of property 
on Third street between Oregon and Mon- 
tana avenues are preparing to ask for a 
metropolitan lighting system for the five 
blocks of the business center between the 
avenues named. No difficulty in securing 
the consent of a majority of the taxpayers 
is expected. It is planned to erect forty- 
eight poles with a cluster: of twelve six- 
teen-candle-power lights for each. 


Sacramento, Cal.—aAt a meeting of the 
Municipal league, held Thursday night, 
that body voted favorably to the proposi- 
tion to establish a municipal lighting plant, 
as proposed by the resolution of Trustee 
Carraghen. The league thinks such a plant 
would effect a saving of over $25,000 a year 
to _thercity.. 


Topeka, Kas—Mayor Davis yesterday 
received the report of George M. Brill, the 
Chicago expert who was engaged by the 
council to investigate the probable cost of 
rebuilding the city electric light plant ac- 
cording to present needs for lighting the 
streets. Mr. Brill furnished two estimates 
one of the cost of remodeling the present 


plant and one for entirely rebuilding it. — 


The first and cheaper method will cost 
$65,000 and the second will foot up a total 
of $102,500. The first figures include the 
purchase of 200 open arc lamps and their 
installation, which item amounts to $30,000. 
The second plan calls for the purchase of 
new inclosed arc lamps throughout and 
consequent engineering work which will 
cost $49,000 of the $102,000. 


Westmount, Can—Westmount’s new 
municipal electric street lighting service 
was formally set in motion on Saturday 
afternoon, when Councillor Lee, under 
whose regime as chairman of the town light 
committee the system has been installed, 
turned the switch and lighted the 150 
lamps. The results are considered satisfac- 
tory, as the lamps give an excellent light, 
’ which is claimed by the townspeople to be 
much superior to that given by the street 
lights in the city of Montreal. The lamps 
used are of the Magnetite arc type, and 
Westmount is the first city on this conti- 
nent to use this new lamp. The lamps are 
of 2,000 candle-power, and illuminate the 
streets brightly. 


Wilkesbarre, Pa -—F¥ollowing _ repeated 
protests by the citizens of Easton about the 
inefficient street lighting service given by 
the municipal plant, Mayor March has di- 
rected the City Council to either take action 
to obtain good service or hand over the 
street lighting to a private corporation. 


He declares the present service is “dan- 
gerous from the police point of view and 
dangerous and unbearable from the point of 
view of the citizen.” 


There has long been complaint about the 
service, but the City Council has not been 
able under the conditions of the municipal 
operation of the plant to give the city a ser- 
vice which is in any way satisfactory. 


In connection with the joint resolution 
adopted by. the Councils Monday night 
directing the Committee on Police and City 
Property to advertise for bids and let con- 
tracts for lighting the streets, avenues and 
highways of the city, with arc lights for the 
term of one, three or five years, to the 
number of 300 or more arc lamps, it is in- 
teresting to note the rigid requirements 
that the successful bidder for this contract 
must meet in order to satisfy the demands 
of the city. 


The specifications mer which the light- 
ing contract will be let, as prepared for the 
committee by City Electrician C5. Downs: 
are in part as follows, the extracts giving an 
idea of how the city will keep tab on the 
lights and know whether or not the proper 
kind of service is being given. 

All lamps shall have their illuminating 


value taken at an average distance of 130 
feet from the lamp, and the average il- 


-luminating value shall be such as to enable 


12 point type of the Standard Ryan Lumin- 
ometer to be read 130 feet from the lamp, 
in any direction. 


The lamps must be turned on 25 minutes 
after sundown and turned off 25 minutes be- 
fore sunrise, or be kept burning about 3,811 
hours a year. On dark days they may be 
turned on earlier or off later, this extra 
time being taken off on lighter days. A 
record of the time of turning on and off 
must be at all times open to the inspection 
of the mayor and the city electrician. 


The city shall have at all times the right 
to. cut into-any- or all circuits or-lamps to 
make tests, and if three or more lamps on 
a-circuit are found to be giving under the 
specified amount of light it will be con- 
sidered that all the lamps on that circuit 
are in the same condition. The amount thus 
found low shall be doubled and be con- 
sidered as low for the entire month, and be 
taken off the company’s bill at the end of 
the month. No lamps having a frequency 
of less than 60 can be used. 
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Public Lighting in Chicago 


II; ELECTRIC SIGNS 


By Geo. B. JoHNsoNn 


CLOTHING 


GUNTHER 
LEVINER CO 





COR. STATE AND ADAMS STREETS, LOOKING SOUTH. 


Chicagousis ethe City of Electric 
Siens. lt) contains ®*more electric 
signs than any other city in the 
world. To the casual observer this 
iMayveesccumeuittue tor there is no 
one locality where all the great places 
of amusements with their large elec- 
trical outdoor displays can be seen at 
a glance, nor one great Broadway 
where the evening illumination is con- 
centrated within range of the camera. 
Neither are all the large establish- 
ments on one or two streets. In 
Chicago the distances are so great 
and the city is spread out over such 


a large territory that it is absolutely 
impossible to obtain photographs 
which convey a just idea of the 
enormous number of electric signs in 
use. There are dozens of small busi- 
ness centers at distances of from three 
to fourteen miles from the downtown 
district all within the limits of the city. 
Every store of any size on the streets 
extending out to these business centers 
also boasts of its own electrical sign 
display. 

In fact Chicago is veritablvy a City 
of Electric Signs, not only for the 
large. establishments but also for the 


sicher shiek 
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“panies in 


‘proposition. 
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NORTH SIDE OF STATE STREET LOOKING SOUTH FROM MADISON. 


small and medium-sized stores. This 
is the result of the progressive and 
liberal policy of the Chicago Edison 
and the Commonwealth Electric com- 
offering special induce- 
ments to the small store proprietor to 
use electric signs. ~The policy of 
these companies, in furnishing certain 
specified signs free to customers upon 
the customer's agreeing to keep the 
sign for a period of two years and 
guaranteeing a certain income per 
lamp or letter per month to the com- 
pany, has resulted1n: the* se rot 
thousands of electric signs by mer- 
chants who would otherwise hesitate 
a long while before spending from 
seventy-five to three hundred dollars 
for a sign on a purely advertising 
The Company says to 
the merchant: “An electric sign will 
be a good investment for you. It will 
pay.” The customer replies: “It may 
but I do not desire to tie up my money 
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on the chance. ‘You must show me.’ 
The Company then quits talking, and 
in ‘they! Chicasomnays acts tiicnco 
sure that the customer will be satisfied 
that it ties up its own money for the 
customer’s benefit in the cost of the 
sign and its installation. Out of the 
several thousands of electric signs in- 
stalled on this basis I have yet to hear 
of a single instance where the cus- 
tomer was dissatisfied with the re- 
sults. On the other hand hundreds 
of cases have occurred where the 
customer, at the expiration. of the 
two years’ contract period, has asked 
to have the agreement renewed. 

In downtown Chicago the signs are 
of. all. varieties,. sizes, shapes. and 
effects. The photographs shown in 
this article were taken ten days before 
Christmas at about 5:30 in the even- 
ing when the traffic was very heavy. 
State Street is said to be the busiest 
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LOOKING NORTH ON STATE STREET, COR. ADAMS. 


street in the world and at 5:30 in the 
evening is one mass of hurrying, 

jostling, homeward-bound humanity. 
‘he most crowded corner is State and 
Madison. It is estimated that 1,200,- 

000 people pass this corner daily. 
The photograph of the west side of 
State Street, south of Madison, was 
taken from this corner and shows a 
darkened line on the walk which is 
the result on the camera plate of the 


CLARK STREET, LOOKIN 


moving throng of pedestrians. The 
teams Bod eile were eliminated by 
screening the lens at the time of 
ereatest Tobsttuciion. 

To one unused to the sight, the 
effect of turning into erie Street 
suddenly after dark is startling. 
Standing at the corner of State and 
Adams and looking south is seen a 
erand kaleidoscope. of dazzling light 
eal color. To the left the fe 
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CLARK STREET, LOOKING NORTH FROM MUNROE. 


pendent Drug Company looms up 
large and strong, while on the right 
is ‘seen overhead the famous “rat- 
chasing” sign of Dr. Pratt, and one 
block farther down “The Hub” is seen 
with its entire frontage illuminated 
with the lamp-letter sign 150 feet 
long, which is changed weekly or daily 
if desired, to tell in different letter- 
ing a new advertising story. Three 
blocks in the distance may be seen the 
Elevated Loop structure spanning the 
street and just beyond Siegel Cooper 
& Co. gleams on high. Turning 
around we are confronted by the 
large one-half block-long sign of 
“The Fair.” At the right is seen the 
sign of a world-known jewelry firm 
and at intervals in the distance can 
be seen brilliant, flashing insignias of 
wide-awake progressiveness. 

Going west from State Street two 
blocks we reach Clark Street, the 
home of everv conceivable kind of 
business. Looking south from Jack- 
son Boulevard is seen an_ endless 
variety of glittering trade-bringers, 
while looking north from Monroe 





Street 1s seen a veritable potpourri of 
electric signs; Chop Suey and Vaude- 
ville, Shoes and Cutlery, the alluring 
Dime Museum and the old reliable 
Boston Oyster House. The fame of 
Clark Street vies with that of State 
Street in a way peculiarly its own, but 
the character of the street is gradu- 
ally changing from its old reputation 
to that of a first-class secondary busi- 
hess street.. “lt: is-anm “argument em 
favor of electric signs that the light- 
ing up of this street by electric signs 
is a strong factor in changing it into 
a better thoroughfare. Experience 
has shown that where a_- street 
formerly dark and forbidding has, 
through the agency of the active 
solictor of the electric light company, 
awakened out of its lethargy and 
subscribed for a number of electric 
signs, that a business revival has 
followed and that that section of the 
city has been greatly benefitted there- 
by, both from a financial and moral 
standpoint, for where the attractive 
electric sign enters many unattractive 
features vanish. 
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Two Instances of Modern Church Lighting 


One of the most magnificent mod- 
ern church edifices of this country is 
that of the “Mother Church” of 
Christian Science in Boston, an ex- 
terior view of which is shown in Fig. 
Poke wiletce seen irom the’ illus- 
tration, the new building is joined to 
the smaller and older “building, the 
two being so connected as to form a 
single structure in the interior. 

From an architectural point of view 
it is a great pity that the two -build- 


ings a thus united, as they are of 
entirely different types of architecture, 
and the older building, though of good 
architecture in feciaaie s entirely out of 


keeping with the aaa propor- 


tions of the newer structure. Aside 
from this unfortunate combination, 
for which the architects were in no 
wise accountable, the new building 
must undoubtedly be classed as one of 
the finest examples of recent church 
architecture in the world. 
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FIG. 2.—INTERIOR OF THE MOSQUE OF ST. SOPHIA, CONSTANTINOPLE. 





FIG. 3.—INTERIOR OF CHRISTIAN SCIENCE CHURCH, BOSTON, 
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In general plan the structure fol- 
lows the basilica, having a general re- 
semblance to one of the handsomest 
and most celebrated buiidings of their 
class, the Mosque of St. Sophia, in 
Constantinople, an interior view of 
which is shown in Fig, 2. An interior 
view of the Christian Science Church 
is shown in Fig. 3. A comparison of 
the two views will show their resem- 
blance in their general plan, which 
consist of a square central portion 
surmounted by a dome, with apses on 
all four sides. In the Christian 
Science church the organ loft and ros- 
trum occupy one of the apses having 
a vaulted ceiling of a similar struct- 
ure while the opposite one gives room 
for three galleries. The other apses 
have semi-dome ceilings, and each 
contains two galleries, and all the gal- 
leries are arranged in ascending or- 
der. 

The decorative effect depends en- 
tirely upon the architectural sculptural 
features, no color being used other 
than the soft light gray of the sand- 
stone which forms the main structural 
material. It is worth remarking that 
the accoustic properties of the build- 
ing are apparently perfect. A person 
speaking in an ordinarily distinct tone 
of voice on the main floor can readily 
be heard in the upper galleries, and 
the notes of the superb organ cause no 
confusing reverberations. 

Coming to the real subject of the 
discussion, viz: the artificial illumina- 
tion of the church, the general conclu- 
sions may be given first, and the de- 
tails after. The problem in illumina- 
ting engineering presented in this 
case is of no mean proportions, and 
involves conditions which are not fre- 
quently met with in the way of mag- 
nificent dimensions. The results show 
that the problem has been solved with 
a remarkable degree of success, and 
there seems to be not a single point, 
either from the scientific, esthetic, or 
hygienic aspect, that is open to criti- 
cism. The illumination in positions 
varving from the main floor to the top 
gallery, 40 feet above, and from the 
readers’ desk to the remotest space 


under the galleries, has a remarkable 
uniformity ; and the intensity of illum- 
ination at every point is ample for 
comfortable reading of ordinary print, 
and at no point so brilliant as to be 
garish and uncomfortable. 

As will be seen from the illustra- 
tion, the central portion of the build- 
ing is lighted by eight chandeliers sus- 
pended from the dome. These chan- 
deliers are designed of wrought 
bronze, and each supports three con- 
centric rows of 32 c.-p. frosted lamps. 
The lamps are so connected that they 
can be lighted alternately, thus allow- 
ing half of them to be used if desired, 
as is done before the services begin. 
These chandeliers are arranged to be 
lowered for replacing lamps, being 
supported by cables passing over pul- 
lies in the ceiling of the dome, and 
operated by a windlass. A circular 
reflector using sixty 32 c.-p. lamps is 
placed above the skylight in the center 
of the dome. A row of concealed 
lamps is provided at the base of the 
semi-domes in two of the apses, which 
give the finishing touch to the general 
effect by the indirect illumination pro- 
duced. The lower galleries receive 
special lighting from fixtures placed 
on the ceiling of the gallery above, 
two-inch spherical frosted lamps being 
used, while the passageway at the rear 
is further lighted by handsome 3-light 
side brackets, carrying 6-inch frosted 
globes. . 

On either side of the readers’ desk 
at the corners of the rostrum are 
placed handsome bronze standards, 
supporting concentric rows of frosted 
lamps. Two massive side brackets, 


‘designed to suggest a torch, each car- 


rying a cluster of spherical lamps, are 
placed on each of the four pilasters 
supporting the dome. 

The subsidiary portions of the build- 
ing, such as entrances, corridors, 
stairways, etc., have received the same 
careful and successful treatment. It 
is especially to be remarked that in no 
case are the fixtures so constructed or 
placed as to suggest their being prim- 
arily decorative features but in every 
case are ostensible and actual com- 
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ponent parts of the general illuminat- 
ing scheme, and are designed in excel- 
lent harmony with the general struct- 
ure. 

The prevention of dazzling light 
sources is secured mostly by the use 
of frosted lamps, though in a few 
cases, particularly on the side brack- 
ets, frosted globes are used. 

Considering the fact that the seat- 
ing spaces have a vertical range of 
over 40 feet, as well as a wide lateral 
range (the “seating capacity ite tne 
building is 5,000) the light-sources 
are kept out of the range of the eye 
toa «remarkable extent, “7ineentire 
evening spent in the church showed 
that there was no disagreeable effect 
produced i in any way, either from ex- 
cessive brilliancy of light-sources in 
the range of vision, or inefficient il- 
lumination. The entire edifice, as 
well as the general lighting, reflect 
the highest credit upon the architect, 


PARKHURSTS CHURCH, NEW 


YORK. 


Mr. Brigham, of the firm of Brigham, 
Coveney & Bisbee, of Boston. 

A church of very much smaller di- 
mensions, but also notable as a suc- 
cessful departure from the traditional 
lines of church architecture, is shown 
in Fig. 4. This is generally known as 
Drs Parkhurste Ghurcheandeiselecat= 
ed on the corner of Madison Ave. and 
Twenty-fourth street, New York City, 
opposite the enormous. white mar- 
ble building of the Metropolitan Life 
Insurance Co. This Company is to 
erect on the site of the old- church a 
tower forty-five stories high, which 
will be the tallest building in the 
world. But even this Babel-like 
structure can never extinguish the 
chaste little church over the wav. 

In the: veneral=plan ofsithicschurce 
the architect, the late Stanford White, 
also went back to the most ancient 
form of the Christian church, the 
Basilica. The outer walls of the 
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FIG. 5.—INTERIOR OF DR. PARKHURST’S CHURCH. 


church are of cream colored brick; 
the columns of the front portico of 
green granite; the frieze of terra cotta, 
tinted a delicate green, and the roof 
of light green and cream colored tiles 
set in diamond shape pattern. The 
dome is gilded. The interior finish is 
in soft “ashes of roses” tints, the wall 
showing the brick construction, and 
the oak of which the pulpits and pews 
are made being of the tint mentioned. 
No elaborate decorative scheme 1s 
used, the simple but graceful lines of 
architecture and the general restful- 
ness of the color scheme giving a par- 
ticularly pleasant effect. 

The illumination is principally by 
four chandeliers suspended from the 
dome by chains, as shown in Fig. 5. 
These chandeliers are an adaptation 
from the chandeliers in St. Sophia. 
They are of wrought metal construc- 


tion, finished in deep bronze gilt. The 
photograph from which the illustra- 
tions are made was taken nearly on a 
line of the lamps, so that the plan of 
the fixture does not show; but each 
circle which supports the lamps is 
made up of segments of smaller cir- 
cles in the same manner as the fixtures 
in St. Sophia. The adaptation goes 
further than the mere general design 
of the fixtures: The chandelicrsiin 
St. Sophia are supplied with small 
elass lamps burning olive oil. These 
lamps have been reproduced in a re- 
markablv successful manner by the 
use of Tiffany glass. and miniature 
incandescent lamps with pointed bulbs 
are used to simulate the small lamp 
flames. A few side brackets carrying 
out the same general idea are placed 
under the galleries. 

While the adaptation of the ancient 
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derwood. 


FIG. 6.—DR. PARKHURST IN HIS PULPIT. 
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and well-known model has been car- 
ried out with a high degree of ingen- 
uity, the illumination results are far 
from giving the satisfaction that is ob- 
tained in the former example, and the 
esthetic propriety of carrying an 
adaptation to the point of close imita- 
tion, in which the thing imitated is 
far inferior to the means used to imi- 
tate it, is questionable, to say the least. 

Dr. Hawes, the English divine, 
once said that “Some things are re- 
markable on account of the men that 
did them, and some men remarkable 
for the things they did.” Paraphras- 
ing this, we might say that some 
preachers have been remarkable on 
account of the pulpits they have oc- 
cupied, while some pulpits have been 
remarkable for the preachers that 
have occupied them. The church we 
have last described is certainly a re- 
markable example of the latter class; 
and we would miss much if we omit- 
ted the portrait of the man whose re- 
markable personality has made this 
little church famous throughout the 
world. 


Pioneer I[llu minating Engineers 


By Gro. WILFRED PEARCE 


The recent retirement of Rear 
Admiral Georze Ns Baird 6G. Ss. Ne 
from active service serves as an 
occasion for the older illuminating 
engineers in the electric field to re- 
mind the younger men of the very 
great services which that able and 
amiable officer rendered to the busi- 
ness when it was in its infancy. 

It was difficult in the teething period 
of the electric lighting business to in- 
duce the Navy Department to in; 
stall electric plants on board ships or 
in yards. It was shown by tabulated 
cost kept by the Edison General Elec- 
tric Company, that the outgoes for 
the expenses of the agents who finally 
obtained the contract for the U.S. S. 
“Trenten” amounted to four times 


the net sum received in payment for 
the whole plant. The late Chief 
Engineer Richard Bartleman, U. S. 
N., was the earliest advocate for an 
electric lighting system on shipboard. 
But his recommendations were re- 
garded as altogether too far advanced 
in the field of an experimental science 
by the fine old salts of the Navy who 
had gotten on well enough with min- 
eral sperm oil. 

When the pioneer electric apparatus 
makers began to work hard for the 
installation of a plant on a man-of- 
war, Admiral (then Captain) Baird 
went far to help the undertaking 
along by telling her designers’ 
engineers in the lighting field just 
what not to do, and just what to do, 
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to ,meet naval , requirements. ., Much 
that he did in this direction became 
standard in the whole field of electric 
lighting. He was well up in the field 
of ocean cable work, and was the 
first to make the suggestions about 
proper types of insulated ship and 
house -wire that were afterward 
adopted the world over. : 


So it was with specifications for 
the entire province of installations on 
shipboard. Take out of the practise 
of these days all that Captain Baird 
did, and there is not a great deal left. 
Little of this has ever been known 
outside old-timers in the electrical 
engineering field iike George W. 
Silsby, the late Lieut. S. Dana Greene, 
Weroee ee rot. Louis: Bliss and the 
writer, who for years handled all the 
United States government undertak- 
ings for the pioneer electric power 
and lighting apparatus corporations 
which maintained offices at the Capital. 


It was Captain Baird who induced 
the Government to install electric 
lights in the White House and in the 
State, War and Navy Departments. 
The whole layout for the work from 
beginning to the end from the design 
of the power plant to the magnificent 
fixtures in the White House were by 
Captain Baird. That undertaking 
was so successful that it led directly 
and indirectly to an immense amount 
of lighting business at home and 
abroad for American lighting engin- 
eers. 


Out of one of Captain Baird’s early 
suggestions as to decorative lighting 
for a naval function grew the lucra- 
tive and artistic field of decorating by 
miniature lamps which was worked 
in thousands of magnificent schemes 
of decorative lighting by the accom- 
plished Prof. William H. Meadow- 


Chait eathor of. rhesAe bac. 
of Electricity,” and for many years 
with Thomas Alva Edison. 

Nearly all the workers in those 
early pioneer naval lighting undertak- 
ings at home and abroad - were from 
New Jersey. Most of the clever men 
who lighted the U. S. S. “Trenton” 

were from Trenton, New Brunswick 
and Newark. One of the cadet engin- 
eers who worked on that plant after- 
ward entered the navy for the pur- 
pose of running the plant on the 
~ Prenton,” Tee was from Harrison, 
N. J. It is narrated in an account of 
the dreadful typhoon which swept the 
“Trenton” and the other United 
States naval ships to destruction with 
nearly all hands at Samoa, that just 
as the American officers and men who 
knew that ee were going to death, 
cheered H. M..S. “Calliope,” which by 
the great power of its engines moved 
to safety in the teeth of the gale, all 
the electric lights on the Trenton, 
aloft and below, flashed out in the 
dense blackness, and remained alight 
until the ship was lost with most of 
her goodly crew. So that pioneer 
American illuminating engineer went 
down at his post, doubtless as 
courageously as the Roman sentinels, 
fintelieyed™ at lompen, «died at their 
posts. 

One of the Edison fixture designers 
who worked on the early naval under- 
takings has since become the official 
artist for the Navv Department in 


making pictures of ships. This is 
Mr. C. McK. Smith. of The Scientific 
American, whose accurate drawines 


of men of war are famous the world 
over. He is a citizen of Newark, and 
was for several vears associated with 
the group of former naval officers 
who resigned from the service to enter 
the field of electricity. 
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| Practical Problem: in Hluminating Engineering 


VIII. HOSPITAL LIGHTING 


By WILLIAM S. KILMER 


The word illumination in the Edin- 
burgh Infirmary, Edinburgh, Scot- 
land, built in 1889 is obtained from a 
single open flame gas burner over 
each bed, with a special ventilator to 
carry off combustion products. 

This article will treat on an instal- 
lation placed in the hands of compe- 
tent engineers as it was known that 
proper illumination forms an impor- 
tant factor in the modern hospital. 
There are many points to be criticized 
by the average Illuminating Engineer 
of today, but it is hoped it will be read 
in the same spirit as it is presented, 
merely as an aid in laying out the il- 
lumination of a hospital, as at present 
there is very little data published on 
the subject. 

It was the intention of the writer to 
give authoritative illumination values, 
but an [luminometer with any degree 
of accuracy could not be obtained at 
the time the night inspections of this 
hospital were made. 

The Willard Parker Hospital at the 
foot of -East 16th street, New York 
City, is one of the two hospitals be- 
longing to the City of New York for 
the treatment of contagious diseases, 
it was completed in the summer of 
1905 and occupied but very recently. 

The plan as shown in Fig. 1 is of 
the third and fourth floors. 

The wards are for children only. 
The large ward is 56 feet long, 39 
feet wide and 13 feet high, the ceiling 
and side walls are painted French gray 
which reflects about 70% of the light 
which strikes them. The floor-is of 
special metal and concrete construc- 
tion, the prevailing color of which is 
light brown. 

In this ward the illumination is ob- 
tained from an indirect system, the 
Six fxtupessA.) Bo) ee ere omen 
shown by Fig. 1, are called the ‘“In- 
verted Bowl” and are of special de- 


sign for this hospital. Fig. 2isa 4% 
scale drawing of this fixture, the ex- 
terior finish is brushed brass, free 
from all raised work which permits 
easy cleaning. The interior surface 
of the hemisphere or bowl is coated 
with white enamel. The five 16 candle- 
power lamps to each fixture are ar- 
ranged at an angle to reflect their 
horizontal candle-power directly to the 
ceiling about 10% of this light is lost 
by passing through a clear glass cover 
placed over and supported by the 


FIG. 2. 


hemisphere, as this cover could be 
much easier cleaned than the reflect- 
ing surface of the hemisphere. These 
fixtures measure over all 18 inches. 

Dust is almost a minus quantity in 
the wards as no ventilation is received 
directly from the outside atmosphere, 
but from a filtered air plant and ex- 
haust fans. 

When a fixture is burning at its 
maximum point (see central table and 
Fig. 3) a bright circle of light about 
6 feet in diameter is noticeable over 
each fixture. This light however, is 
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not strong enough to be fatiguing to 
the eye of the patient, unless it is con- 
centrated on it for a long time. The 
beds are arranged around the wards 
close to the walls. The space in the 


The following table gives an idea of 
the different intensities of illumina- 
tion obtainable by this arrangement, 
each one of them being practically 
free from shadows. 





Circuit No. 
Circuit No. 


rt by switch controls 4 lights on fixtures a and b. 
2 by switch controls 4 lights on fixtures c and d. 


Circuit No. 3 by switch controls 4 lights on fixtures e and f. 
Circuit No. 4 by dimmer controls 1 light on circuits a, b, c,d, and f. 


DIMMER CONTROL: 


Point No.1, 4 circuits, all- 30 lamps burn at rated voltage 


28 (Nos. 1,2, and 3) 24 lamps burn at rated voltage 
OG 66 a 2 6c (Nos. I and 2) 16 66 3 66 66 66 
ce ee 4, I ay (No. 2) 8 oe ce 6 “sé oe 
eé 6 ~ I 66 (No. 4) 6e oe ce 66 66 


oe oe 
’ 


= 
centre under the fixtures is devoted 
entirely to tables and ward acces- 
sories. 


é oe 














COMTROL 


riGee3: | 

Dr. R. J. Wilson, Supt. of the hos- 
pital says “there should be a way to 
direct the reflected light over larger 
area than reducing the intensity of 
this circle of light.” His suggestion 
is a series of reflecting prisms be- 
tween the light source and the clear 
glass cover. ‘This could be easily ac- 
complished with only an additional 
loss by absorption of 10 or 12% and 
with that reduction it would be satis- 
factory as at present all pages of the 
Evening Telegram can be read easily 
in all parts of the ward -when the 
lamps are burning at the maximum. 
The maximum illumination would be 


needed only in case of emergency, as © 


would occur in case of an epidemic 
which would crowd the wards. 

The control, Fig. 3, is governed by 
one switch on circuits 1, 2 and 3, No. 
4 being the dimmer circuit. 


“é 


A 
reduces voltage 4 from control point No. 5 
66 6“ 2 m 66 
2 


NGy 55 


The only other source of artificial 
light in the wards is obtained by a 
portable standard tripod style with a 
double pointed arm about 3 feet long 


- at the end of which is used a 16 c.-p. 


lamp equipped with a metal parabolic 
shaped reflector. This fixture is used 
only for special examinations of a 
patient without _ any disturbance 
caused by raising the general illumi- 
nation. The plug insertion outlets 
provide the connection for this fix- 
ture; 


The same system of indirect light- 
ing applies to all the wards in the hos- 
pital the only change encountered is 
in the small wards when a 4-16 c.-p. 
lamp fixture is used and 4 fixtures in 
each ward.- Phese are controliedsby 
the same method as shown in Fig. 3. 

All rooms with the exception of the 
private laboratories and operating 
rooms have either the 2 or 3 16 c.-p. 
frosted chandelier lamps hung pen- 
dantly with no reflector or globe. The 
side wall brackets are of the same con- 
struction. Drop cords are equipped 
with a flat metal reflector about 8 in- 
ches in diameter painted white on the 
inside and green on the outer. These 
fixtures are all hung practically 4 feet 
above the plane illuminated; this 
plane being 3 feet from the floor. 

The operating room on the sixth 
floor is the amphitheatre style. Direct- 
ly over the operating table is a 12-16 
c.-p. lamp fixture which can be raised 
or lowered by a pulley attachment. 
The lamps are arranged in a circle 
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about 36 inches in diameter each lamp 
hanging at an angle of about 45° re- 
flection coming from mirrors ar- 
ranged over and back of the lamp. 
This is a source of great dissatisfac- 
Hoenetorall who tise this-room, ‘The 
principal complaint being that when 
this fixture is lowered to 2 or 3 feet 
from the operating table another com- 
Piatt isa theveye strains. There are 
2 insertion plug outlets in this room 
for either small motor power or port- 
able lamp fixtures. 

Ger eprivate “Waboratories have 
very recently adopted the high effi- 
Cleneyw( 2,5 w. p. c.) for both general 
illumination and special instrument 
lighting where usually a high candle- 
power is needed in a small space. 

Experiments are now being carried 
on with these lamps with various 
equipments. A report dated January 
12th, states that the 250 Watt G.E.M. 
unit with a concentrating type reflec- 
form eayerthe best results, those of a 
lower candle-power did not furnish 
sufficient illumination to see the ob- 
jects clearly which were being exam- 
ined. The tantalum lamp with the 
multiple filament did not give a suff- 
cient amount of light to begin with, 
and in the second place, the multiple 
filament was reflected from the mirror 
into the microscopical field, thus in- 
terfering with the examination of the 
objects; when low power lenses were 
used it gave sufficient light. 

A lamp with a spiral filament of 
about 109 c.-p. would be the ideal 
lamp for this purpose. 


INCREASED CURRENT RESIST- 
ANCE OF ALLOYS 


vee erie A ZIN 


The Cazin-Filament, consisting of 
metal-alloys, is in itself full proof and 
evidence for the fact that alloys offer 
to the electric current a higher resis- 
tance than single metals. 

No single- -metal filament of the 
same transverse section as that of a 
Cazin-Filament, selected for the com- 
parison, will, when also of the same 


length, offer sufficient resistance to in- 
candesce and produce useful light, 
while the Cazin-Filament produces a 
brillant white light, which has no yel- 
low and no reddish tint, such as a pure 
carbon-flament of the same dimen- 
sions will produce, when subjected to 
a current of the same tension, though 
requiring a higher wattage. 

Lord Rayleigh has correctly stated 
(Nature, June 1896 and Collected 
Papers Wolk INS apace 207) stnesract 
of higher ee by alloys, the cor- 
rectness of which statement is not 
made doubtful by Dr. R. S. Willows’ 
and. Prot. | vA. <Plemmine’ssstate- 
ment, that they had been unable to 
corroborate it. But Lord Rayleigh’s 
explanation and theory for the phe- 
nomenon remained unproven for the 
same causes, for which the Willows 
attempts at corroboration remained 
unsuccessful. 

The correct theory, explaining the 
fact of higher resistance by alloys 
than by single meta!'s, requires con- 
sideration of two qualities of the com- 
ponent metals as such, namely of their 
ductility and their density. 

Resistance increases, as ductility 
lessens, and decreases, as density in- 
creases, and in this the alloys partict- 
pate. 

livis on thaw account, that the non 
ductile and high-density metals of the 
Osmium-Ruthenium class have been 
selected as Bigot Laie in-the Caz- 
in-filament, and that their alloys are 
used, since by the treatment required 
for singling ovt some of the metals 
used, ductil ity is imparted where the 
metal in its native or natural state pos- 
sesses none, and their natural density 
is lessened. The Cazin-filament is an 
electrolytic alloy, in which the compo- 
nent metals have preserved their na- 
tural qualities. and the product is not 
even imprired in its resistance by a 
small admixture of ductile metal, so 
admixed to increase the cohesiveness 
of the alloy. A resistance is shown, 
which produces a brillant white light 
under conditions, under which neither 
carbon nor single metals in the same 
dimensions produce any useful light. 
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Plain Talks on Illuminating Engineering 


By ghee erviors 


VI. THE EYE AND VISION — COLOR VISION 


THE EYE AND VISION (Concluded) 


[Nore.—-The rule for finding the 
intensity of illumination on a_ hori- 
zontal surface given in our last arti- 
cle in the December issue was inad- 
vertently mis-stated. The following 
is the Correctedarules 


Multiply the candle-power intensity 
of light at the gwen angle by the re- 
duction factor for that anele, and di- 
vide the product by the Square of the 
height. 

Tt is important that this corrected 
rule be substituted for the mis-stated 
rule as given in the preceding issue. | 


The foregoing parallels between the 
eye and the photographic camera are 
CxXact since In both ecases tueywresule 
from the purely physical laws of optics, 
but “theseye, owing 10 itss peculiar 
physiological qualities, 1s susceptible to 
certain injuries which have no exact 
parallel in photography. Like any 
other organ in the human body, the 
eye adapts itself to the conditions to 
which it is ordinarily subjected. 
When, therefore, it) is subjectediare 
other conditions than these, it is un- 
duly fatigued or strained. 

We may first notice that the iris or 
stop of the eve only varies in diameter 
within certain rather narrow limits, 
and furthermore requires a little time 
to adjust itself. Having, for instance, 
adjusted itself for a dim light, by open- 
ing to its full diameter, if immediately 
brought into a brilliant light, perhaps 
a half minute or more is required for 
the fis to contract to its minimuni 
Meanwhile more than the usual 
amount of light is falling upon the 


retina, which causes discomfort or 
pain. If a light varies in intensity 
rapidly, so that the eye does not have 


time to readjust itself, the continuous 
strain may result in permanent injury. 


A flickering light is, therefore, always 
to be avoided. Light which produces 
alternating streaks of light and shad- 
ow upon the object, particularly if 
this object is a plain surface, as of 
paper, is equally bad, producing the 
same effect upon the eye as a flicker- 
ing light. An incandescent electric 
lamp suspended above a paper pro- 
duces these light and dark streaks 
very distinctly, cant should, therefore, 
never be used in such a position for 
reading or writing unless a frosted 
lamp or diffusing olobe i is used over it. 


The iris also adjusts itself to the 
brightest part of the retinal image. 
If, therefore, there is a luminous body 
in the range of vision, the iris will 
adjust itself to the intensity of this 
part of the image; and as luminous 
bodies are always of vastly higher in- 
tensity than non-luminous bodies, the 
result is that the iris closes so as to 
reduce this intensity on the retina, and 
thereby darkens the image of the non- 
luminous objects. If the luminous 
body is particularly brilliant and kept 
continually in the field of vision, the 
eye will make a further attempt to 
screen the retina by partially closing 
the lids so as to use the eyelashes as a 
shade, giving rise to the “squinting” 
expression which involuntarily takes 
place on looking at a bright light. The 
difficulty of looking at non-luminous 
objects beyond, or past, a luminous 
body is, due to. this cause, “he ime= 
portance of subduing the intrinsic 


_brilliancy of all light-sources that can 


come into the range of vision cannot 
be overestimated. A fair test of ade- 
quate diffusion is the ability to look 
past the light-source and see objects 
beyond it with distinctness and ease. 
These facts explain why a frosted 
lamp or diffusing globe, while actually 
reducing the amount of light given 
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out, increases the illuminating effect; 
that is, enables the eye more readily 
and with greater ease to see the illum- 
inated objects. 

When light falls upon a_ photo- 
graphic plate, it produces a chemical 
change which is permanent, i. e., it 
requires a considerable chemical man- 
ipulation to put the substances back 
again into their original sensitive con- 
ditions VV hen light falls upon the 
retina of the eye, it likewise produces 
chemical changes; but the eye has the 
ability to continuously renew its sen- 
sitive condition. This renewing pro- 
cess, however, is limited; and it is pos- 


sible to so exhaust the sensitiveness of ° 


the retina as to necessitate a period of 
complete rest in order to restore the 
eye to its former condition. Such ex- 
haustion results. more quickly when 
the light is colored. 


COLOR VISION. 


Although color is not an essential of 
vision it must not be inferred that the 
study of color effects is of no impor- 
tance to the Illuminating Engineer ; 
on the contrary it is a matter which 
should receive careful attention. The 
theory of color is perhaps the most 
complicated of any of the subjects 
with which IHluminating Engineering 
has to deal, and is by no means fully 
understood nor agreed upon by scien- 
tists who have made it a special study. 
The complication arises from the very 
intricate physical and chemical prob- 
lems involved; furthermore, the final 
results depend upon physiological ac- 
tions which are still more difficult to 
analyze. It is not necessary, however, 
for ordinary purposes of Illuminating 
Engineering that these recondite theo- 
ries be mastered; if the simpler and 
generally accepted portions of the 
theory be understood, it will be sufh- 
cient for practical purposes. 

It may facilitate an understandin~ 
of the theory to compare light with 
sound. We stated in the beginning 
that sound and light are both due to 
vibrations, and that color in light is 
the counterpart of pitch in sound, the 
red rays corresponding to the base, or 


lower notes, and the violet to the 
higher notes of the scale, while the 
colors correspond to the intermediate 
notes. A sound is never made 
up of vibrations of a single rate, 
but 1s always a combination of vibra- 
tions of different rates; and the same 
is true of light as ordinarily produced. 
The difference in quality of sound, 
which enables one to distinguish be- 
tween the sounds of different musical 
instruments, is due to the different vi- 
brations of which the sounds are com- 
Hosedes atid thes ditterence: 1m “color 
which we call “shades,” or “tints,” is 
due in a similar manner to the differ- 
ent vibrations, or colors, which com- 
bine to form the tint. By analyzing 
the tone produced by a particular 
musical instrument—say for example, 
a flute—that is, finding all the differ- 
ent rates of vibration which are 
blended in its notes, it is possible, by 
producing all these different rates 
of vibrations by separate means and 
combining them, to produce a sound 
having the same quality. This has been 
done in a most remarkable manner by 
Prof. Cahill, in the instrument which 
he calls the “Telharmonium,” which 
has recently attracted much public at- 
tention. In an exactly analogous man- 
ner it is possible to produce any given 
tint or shade of color by combining 
single colors in certain proportions. It 
is a rather remarkable fact that the 
process of combining single colors to 
produce different shades, or tints, is 
far simpler to accomplish than the re- 
production of sounds of given quality 
by the composition of simple sounds. 

Most of the elementary text-books 
divide the color scale into seven so- 
called “primary colors.” The color- 
scale is the “solar spectrum,” of which 
the rainbow is the familiar example; 
and the seven divisions as given are: 
violet, indigo, blue, green, yellow, 
orange, and red. This division, how- 
ever, is a purely arbitrary one, as can 
be readily shown. So far as vision 1s 
concerned, there are only three prim- 
ary, or fundamental colors: red, yel- 
low, and green. 

It may be well to distinguish here 
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the difference between the visual and 
physical meaning of color. Physical- 
ly, there is an infinite number of col- 
ors, since each different rate of vibra- 
tion produces a different color; but in 
the study of illumination we are only 
concerned with visual effects, i. e., 
things as the eye sees them. 

The fact that all tints may be made 
up of varying mixtures of the three 
primary colors is not a new theory, 
having been advanced by Leonardo 
De Vinci, the celebrated Italian painter 
who flourished in the sixteenth cen- 
tury. No practical applications of the 
theory were made, however, until a 
few years ago. The most important 
original work in this line was done by 
Mr.“ F.1 E. Ives, who “practically sac 
complished photography in natural 
colors. It is one of the pecularities of 
fate that Mr. Ives has never received 
the recognition which his exceedingly 
valuable work and discoveries in this 
line justly entitle him. Briefly des- 
cribed, the method of producing pic- 
tures in their natural colors as carried 
out by Ives is as follows: 

Three different plates are prepared 
which are sensitive to green, yellow, 
and red respectively. With these three 
plates photopraphs of the given object 
are taken. The three different photo- 
graphs are then colored the respective 
colors, and superposed upon one an- 
other in Stich-4 manner thateall three 
are seen at once: +The moct=cirective 
way of accomplishing this is by mak- 
ing transparencies or “lantern slides,” 
which may be thrown upon a screen at 
the same time one over the other. 

For commercial purposes, however, 
it. 1S “necessary thats thes pictitemne 
produced on paver,! and for this pur- 
pose, three different photo-engraved 
(“half-tone”) plates are produced 
from the three negatives taken. and 
these three plates printed with the dif- 
ferent colors one over the other. This 
process is illustrated in the plate used 
as a frontispiece of this issue 

The foregoing description of the 
mechanical method used in printing to 
produce pictures in colors has been 
given as an interesting practical illus- 


tration of the general nature of color 
vision. 

Color, as a quality of light, 1s as- 
cribed to both luminous and non-lumi- 
nous bodies. The causes of the color 
are different in the two cases. An or- 
dinary flame is yellow, bordering more 
or less on the orange tint, due to the 
fact that it gives out more powerful 
rays of this particular color (1. e., rate 
of vibration) than the other rays. It 
may be compared with a sound made 
up of several notes of different pitch 
blended together, one particular pitch 
being much louder than the others, and 
therefore determining the pitch of the 
tone as a whole. 


Non-luminous bodies are seen by 
the light which they reflect. The color 
ascribed to the body is, therefore, evi- 
dently the color of the light reflected. 
Thus, a red object is simply one that 
reflects: red “light= to7-a= stinciently, 
greater. extent than the other? colors 
to give the eye the single impression 
of red. When light containing all 
colors, i. e., so-called “white light,’ 
falls upon such an object, it is evident 
that all the colored rays except red 
must be absorbed; in other words, con- 
sidering that light is made up of the 
tlainée colors, red, yellow, andes plicewa 
red body is one which absorbs the yel- 
low and blue light falling upon it, and 
reflects the-red2 Similarly, asbine ob- 
ject is one which absorbs the red and 
yellow rays, and reflects the blue; and 
a green object, one which absorbs the 
red, reflecting the yellow and blue 
rays, which together give the visual 
impression of green. 

This latter point brings to our atten- 
tion the phenomena of “complimentary 
colors.”” Complimentary colors are 
usually defined in the textbooks as 
those, which, if combined, would give 
white: for example, red and) ereens 
since green consists of yellow and blue, 
and yellow, blue and red together con- 
stitute white hight. Every color, there- 
fore, has its complimentary color. 
The fact that complimentary colors 
placed side by side produce a pleas- 
ant visual impression is one of the un- 
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der-lying principles of the use of color 
in decorative art. si : 
A consideration of the facts just 
given will show why objects appear of 
different color when seen in different 
eoloredmlienis,  Mhus, an’ object is 


red when it absorbs yellow and: blue 


rays. Ifa red object were illuminated 
by green light only, it would theoreti- 
cally appear black, 1. e., it would not 
renect: any light. . Fhe mercury vapor 
lamp gives out no red rays, and, there- 
fore, red objects can not be-seen by 
this light in their proper color. The 
rays from such a lamp are very large- 
ly blue, while the prevailing colors of 
the face are light tints of yellow and 
red. 
color of blue, will appear gray when il- 
luminated with blue 1ays; which ac- 


counts for the peculiar ashen pallor, 


which is given to the face by the light 
of a mercury vapor lamp, and also for 


the preference for the light of flames, 


and incandescent electric lamps, in 
domestic and other illumination . in 
which faces are the principal objects 
to be considered, the orange-yellow 
rays of such light-sources giving a 
natural hue to the complexion. — 
When flames were the only practical 
light sources, the considerations of 
color were of minimum importance to 
the illuminating engineer, since it was 
impossible to vary the orange-yellow 
color of general illumination to any 
considerable extent. Within the past 
few years, however, commercial light 
sources have been produced having a 
distinctive color effect; the mercury 
vapor lamp being the most decided, 
while the carbon arc, with its excess of 
blue and violet, the incandescent gas 
mantle, with its tendency to green, and 


Yellow, being a complimentary, 


at best distinctly yellow, the vacuum 
tube light which is a “cerise’ in tone, 
and the flaming arc, with its intense 
deep yellow, all give considerable var- 
lations from both the white of day- 
light, and the familiar orange-yellow 
Ofatlaniess as, ice 

The ideal color for artificial light is 
naturally one which approaches to the 
quality of sunlight; and it is gratify- 
ing to know that the most recent im- 
provements. in light production ap- 
proach more nearly to this ideal than 
anything that,has heretofore been in 
practical use. Acetylene gas flames 
must be included in this class, since the, 
light they:.produce is the nearest ap-. 
proach in color quality to daylight .of 
any source at present in commercial, 
use, although the newest forms of in- 
candescent electric lamps promise to 
be almost, if not quite, as favorable in 
this respect. : abe 

As opaque bodies owe their color. to 
the absorption of certain color rays,’ 
and the reflection of others, so trans-!' 
parent bodies likewise owe their color 
to the particular color rays which they 
allow to pass through them. Thus, 
red glass obstructs the passage of blue 
and yellow rays, allowing only the red, 
or at least a great preponderance of 
red rays, to pass through; and similar- 
ly for other colors. 

A simple and instructive series of 
experiments may be made by produc- 
ing a pure yellow light, which may 
readily be done by placing a little com- 
mon salt on the wick of an alcohol 
lamp or on the cap of an incandescent 
gas burner, adjusted to give a non- 
luminous flame, and examining differ- 
ent color objects by this monchromatic 
(single-color) light. 
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Daylight Illumination 


By ©O2ER BAasouin 
III, BRIGHTNESS OF THE SKY (Concluded) 


If we make this assumption for Fig- 
ure 6 then we have 


B = 20 (P — 30). 


in which B is the mean daily bright- 
ness of any month and P is the mean 
percentage of sunshine for that month. 
It seems that the constants in equa- 
tions I and 2 above should be the 
same. The figures were drawn inde- 
pendently and it is quite likely that a 
selection of constants could be made 
which would be the same for both 
equations and bring the curves in both 
figures more nearly into coincidence. 
Such constants, however, would not 
be round numbers and would intro- 
duce a double set of rulings in the 
figures. 

We have seen that the average 
monthly brightness of the sky over- 
head. varies throughout the year in a 
fairly regular way and in a manner 
which resembles the variation of the 
percentage of sunshine. The above 
result is experimentally known only 
for Chicago 1897-1899, but in the ab- 
sence of reliable information with re- 
eard to the sky brightness at other 
places we may tentatively assume that 
the result found for Chicago is of 
general application. It is admitted at 
the start that this guess is very likely 
to be inaccurate, but it is only sug- 
gested that this rule be used until 
something more definite may be found 
out. Taking observations upon the 
sky brightness is to be particularly 
recommended to individuals who may 
have a desire to aid in pushing for- 
ward our knowledge of daylight 1l- 
lumination. 

It is possible that some relation 
may be found between cloudiness and 
the brightness of the sky. Records of 
cloudiness have been kept by the 
Weather Bureatt, fora, ereat many. 
years and a table and man of average 
cloudiness are contained in the Annual 


Eq. a 


Report of the Weather Bureau for 
1897. | 

l‘or the purpose of estimating the 
approximate annual brightness of the 
sky (B) in any locality, let us tenta- 
tively assume that the relation is 
general which we found at Chicago 
between this brightness and the per- 
centage of sunshine (P). This re- 
lation was expressed in equation (2) 
as’ B==207(P-30)2= Inv order tommake 
this relation available for immediate 
use, the map shown in Fig. 7 is given 
here rather than under the study of 
sunshine. 

Sunshine records for over a hun- 
dred different stations widely scattered 
over the United States are published 
in the Annual Reports of the Weather 
Bureau. This» map is’ based upon 
these reports. The lines on this map 
connect places of approximately equal - 
percentages of sunshine and_ these 
lines are given for every five per cent 
variation in sunshine. Phoenix, Ari- 
zona has the record of highest average 
percentage of sunshine—8&4%—while 
Elkins, a small town in the mountains 
of West Virgina has the record for 
least sunshine with a percentage of 
36% the average for four years. It is 
not tniikely that the -récords* tor tie 
large cities somewhat misrepresent 
the country surrounding them on ac- 
count of the smoke hanging over all 
large towns. 

At Buffalo the sunshine percentage 
is seen on the map to be about 50 so 
that we may estimate its average sky 
brightness to be not far from 400 
candles per sq/ it. At» Sani rancicea 
we see the sunshine percentage must 
be near 65 so that if our relation 
holds good the average sky there is 
more than twice as bright as the sky 
at Buffalo. 

We must not expect the same dis- 
tribution of skv brightness through- 
out the day and throughout the year 
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FIG: 7; 


in other localities as was shown for 
Chicago unless they have a_ similar 
distribution of sunshine. In New 
York and in Boston the percentage 
of sunshine is nearly constant for all 
months throughout the year. In 
Chicago and in Cincinnati there is 
much more sunshine in summer than 
in winter, the maximum coming in 
July. At Mt. Tamalpais, a station 
near San Francisco, the percentage of 
sunshine is nearly uniform through- 
out the day from morning to night, at 
San Diego, in southern California, 
there is much more sunshine in the 
afternoon than in the morning, while 
in Chicago as was seen above in Fig. 
5* the percentage rises throughout 
the forenoon to a maximum not far 
from midday and sinks again in the 
afternoon in a svmmetrical fashion. 
For further details in this line the 
reader may consult the reports men- 
tioned above. 

Tn the British Isles the records pub- 
lished for 1t881-18c0 show the per- 
centace of sunshine for their towns to 
be roughly between 25% and 20%, 
or about half the usual value in this 
country. <A part of this difference be- 
tween the sunshine percentages for 
the two countries may possibly be 
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accounted for in the different types of 
instruments used in taking the record. 
In the British Isles the sunshine in 
summer is about double that in winter. 

Variation From Average Bright- 
Nesse Nile athe wyalties: -ol, thes {siy 
brightness thus far referred to have 
average values and the shortest 
period over which the average has 
been taken has generally been one 
month. We may now inquire how 
the various values of the sky bright- 
ness for any one hour of observation 
on different days of the month agree 
among themselves and with their 
mean. For any month in the observa- 
tions taken at Chicago the average 
variation from the mean brightness is 
about fifty per cent. of the mean value. 
This is found bv first taking the dif- 
ference between each value for the 
different days and the monthly mean, 
second finding the average of these 
differences and third, dividine this 
average difference by the average 
monthly brightness. 

The meaning of this is that for any 
month the brightness of the skv on a 
number of days may fall as low as 
half the average monthly brightness 
and that on one or two days—and 
sometimes even on a third—the sky 
brightness will fall considerably below 
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this half-average. Ona few days also 
the brightness is likely to run up to 
double the average value, but this does 
not interest us so much as the low 
values because one is hardly ever 
troubled with too much light from the 
Sky butawe “ate seriously troubled 
when the illumination of our shops 
and offices falls below a fairly definite 
working minimum. 

That we should have expected this 
large variation from the average 
brightness is easily seen when we re- 
member that the different classes of 
sky have a very different brightness 
and no class 1s altogether slic from 
any one month. ‘Tt would be un- 
reasonable to ask one to provide good 
daylight illumination for a room ‘dur- 
ing a heavy storm—one must always 
expect to light the lamps in such 
Cases a Ft hermore when the sky is 
free of clouds and blue in color it is 
impossible to give good skylight il- 
lumination. Daylight illumination in 
such cases as the last comes from di- 
rect and from diffused sunshine, a 
subject which will be taken up later. 
These two classes of sky, the stormy 
and the clear blue, account for the 
failure of the sky brightness to come 
up to half its average value on one 
or two days per month. We see also 
that we shall be fairly safe in using 
half the average sky brightness as a 
working minimum value. 

In what follows we may use 250 
candles per square foot of opening 
as this working sky constant for the 
year and if the mean brightness for 
any particular month at Chicago is 
desired one may modify this yearly 
value in stich way as will be sug- 
gested by reference to "Fig. 07: 

It is interesting to note that the av- 
erage difference in the brightness of 
the sky on successive days is also 
about 50% of the average brightness 
for the month. One would expect this 
to be nearly double the variation from 
the mean instead of being nearly equal 
to it. This is probably the result of 
the fact that the weather for one day 
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is closely. related. to. that of. the spre- 
ceding day. We are all familiar with 
the pendulum-like variation in the 
brightness of days; two or three 
bright days generally come together to 
be followed by a similar number of 
darker ones. On any. day then one 
may expect the sky on the following 
day to be either brighter or darker by 
about 50% of the average brightness 
for the month. While this variation 
seems larger when written down in 
black and white, it is small in com- 
parison with that for which the eye 
is adapted. 

- Country Sky The zenith sise.tre 
direction immediately overhead, and 
angles measured from the zenith 
are spoken of as zenith angles or zen- 
ith distances. In all the preceding dis- 
cussion upon the brightness of the 
sky it is only the zenith sky to which 
reference has been made. Let us now 
consider another problem, namely, 
how the brightness in other parts of 
the sky is related to that in the zenith. 
We must first agree to leave the sun 
out of consideration in this part of the 
discussion. It 1s convenient to take up 
sunshine by itself and here consider 
the sky as made up of clouds;: dust; 
etc., and entirely apart from the sun. 

Let us picture to ourselves a typi- 
cal skv of the second class* and free 
from smoke: the sky is overcast, no 
blue sky is to be seen and generally 
the sun also is invisible. We may as- 
sume that this sky is the result of sun- 
shine upon a laver of cloud spread 
over the earth something like a great 
white blanket high in air. We shail 
assume this layer to be uniformly 
thick and everywhere made up of the 
same kind of cloud. If this last as- 
sumption is not strictly true at any 
particular instant, it will be true on 
the whole because, except in very spe- 
cial cases; we have no “reasone=for 
thinking that the clouds in anv one 
localitv are, on the average. different 
from those over any other locality in 
the same neighborhood. 

*For sky classification see page 825 (December 


number) or briefly in summary at the end of this 
article. 
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This case is represented in vertical 
section in ig. 8. The observer is at 
A with the ground shown below him 
and his zenith ie. oe 
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FIG. 8. 


The unifornrtayer of thick cloud is 
represented by B-C, which we must 
imagine extending indefinitely to the 
right and left. Upon the upper side 
of the cloud the sunshine is falling as 
suggested by the parallel broken lines. 
The different rays of sunshine, inci- 
dent upon the cloud are scattered by it 
in all directions. In the figure, this is 
suggested by the mixture of broken 
lines between the cloud and the earth. 
We must remember that the cloud 
throws out this diffused light from 
the upper surface as well as from the 
lower, but we are not interested in 
this, as it goes off into space and is 
lost so far as the illumination of our 
planet is concerned. ne can make a 
good model of this cloud as above de- 
scribed by filling a glass tray with 
clear glass beads and suspending them 
under an electric lamp. 


The upper surface of the cloud is 
uniformly illuminated by the sunshine 
since the cloud is too’ near the earth 
to make the curvature of the earth’s 
surface appreciable in this connec- 
tion. If the cloud is so thick that one 
cannot see the sun through it we may 
be pretty certain that the light 1s very 
well diffused or scattered and on the 
basis of Lambert’s law, which must 


apply perfectly in this case, the effect 
of this is to make the cloud appear 
equally bright at the point A, Fig. 8, 
no matter from what direction it may 
be observed... For the conditions then 
assumed to represent the second: class 
of sky when free from smoke as we 
have it in the country and small towns, 
we are Justified in taking the sky to 
be of equal brightness in all parts 
and in all-directions. To many peopie 
it is probably easier to think, of this 
sky as the interior of a uniformly 
bright sphere and for most purposes 
there is no objection to this mental 
picture. 

For classes of sky which we have 
numbered three and four, in which 
{ere iS a7 mixtures of brichit clouds 
and of blue sky the assumption of 
uniform brightness cannot be made 
for any one instant, but for the aver- 
age condition it is not at all clear that 
this assumption is far from the truth. 
The case is complicated by the fact 
that in the extreme distance one sees 
only the lower surfaces of the clouds, 
in the middle distance he sees also 
their sides or edges as well as some 
blue sky. While over head he sees only 
the lower surfaces of the clouds and 
blue sky alternately. From this one 
might suspect that these skies would 
on the average be brightest near the 
horizon: and darkest at the zenith, 
however, as no trustworthy data are 
at hand upon this point and as a small 
amount of smoke has the effect of re- 
ducing the brightness of the sky 
near the horizon in comparison with 
the remaining sky, as will soon be 
pointed out, we shall tentatively as- 
sume uniform brightness for these 
classes of sky. 

‘The stormy sky and the clear blue 
sky give too little light for serious 
consideration in this connection. The 
hazy clear sky is probably nearly unt- 
form in brightness except in a rather 
large region surrounding the sun, 
where it increases in brightness near 
the sun. The position of the sun is 
however so variable during the day 
and throughout the year that it is 
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hardly worth while to give further 
consideration to this variation of the 
hazy clear sky. This leaves all 
classes of sky for the country and 
small towns to be assumed of uni- 
form brightness. 

City Sky—To one whose home 
lies within a radius of twenty or 
thirtv miles from a large city a 
familiar sight is the layer of smoke 
hanging over the city and drifting 
with the wind, first to one side and 
then to another. On’ a “still--day at 
may be seen piling up to a consider- 
able height over the city, but generally 
it is carried to one side in a layer of 
approximately uniform thickness. 

We think of smoke as made up of 
a cluster of small particles of black 
solid matter each of which absorbs 
practically all the light which happens 
to strike it. The likelihood of any 
ray’s striking some particle of smoke 
and being absorbed depends upon the 
density of the smoke and the length 
of its path through the smoke. With 
a given thickness of layer and a cer- 


tain density of smoke and with light _ 


passing directly through it, the pro- 
portion of the light absorbed by the 
smoke will be the same whether the 
incident light be strong or weak. 

In Fie-O wemay thinkzor= (and 
“TV as blocks of velasssorm sinoxc.or 
any other substance fulfilling the 
condition that each block absorbs, we 
will say, one-half the light trying to 
pass through it. We may think of 
“A” as rays of light dalline-on block 
“1” while “B” represents these same 
rays of light coming out of the block 
and reduced in intensity by one-half. 
These rays then tall directly sonetive 
second block “IT” which in turn re- 
duces the intensity of the rays by 
another half so that the emergent 
rays ~C” have only one? fourth the 
intensity of the meident Taye. 2% 

In general if a given thickness of 
smoke absorbs a certain ratio m of 
the incident light then the proportion 
of the original light which gets 
through is 1—-m. If the light must 
pass through twice the above thick- 


2 
bil 


FIG. 9. 





ness of smoke or glass the proportion 
of the incident light which comes out 
will be (1-m)?*. If it passes through 
a layer: three -timeéseas staickesas sime 
first the proportion getting through 
will be (I1—m)*. Finally if it passes 
through m thicknesses of the absorbing 
material, as above, the proportion of 
the incident light emerging will be 
(1-m)”. We shall be interested in 
the ratio of the light leaving the nth 
thickness to that leaving the first 
thickness and it 1s easy to see from 
the above that this ratio is (1-m). 
We may now come back to the layer 
of smoke hanging over the city and 
apply the above last mentioned formula 
to, it. “Big. TO srepresenisttincscace: 
We assume the above mentioned uni- 
form cloud extending in all directions 
and below this a uniform layer of 
smoke, as shown. The observer is 
at. A. ~The: light. from thercloud 1m- 
mediately over his head passes along 
the line marked “1” and goes through 
a single thickness of smoke. “The 
ight coming from the cloud toward 
A at an angle of 60 degrees from the 
vertical, as shown by the line marked 
“2”, passes through a double thickness 
of smoke. Following this up the ravs 
shown by the lines 3, 4 and 5 include 
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in their respective paths smoke equiva- 
lent to 3, 4 and 5 times the actual 
thickness of the smoke layer. It will 
be at once seen that the length of the 
path of any ray through the smoke is 
directly proportional to the secant of 


the angle which that ray makes with 


the vertical. 

If the laver of smoke absorbs a 
ratio m of the incident light coming 
along the direct path marked “1”, the 
ratio of the transmitted light, to the 
incident light along this path will be 
(1-m). The fraction m may. be 
called the absorption coefficient. Light 
coming along any direction making 
an angle (@) with the vertical will be 
reduced to the proportion (1—m) s¢ ° 
The ratio (R) which the brightness of 
the sky at any zenith-angle (6) bears 
to the zenith brightness will be given 
by, 

R==(1 =m) se 6— 1 

The interpretation of this equation 
is shown in Fig. 11. We may think 
of thé observer as standing at “A” 
and as comparing the brightness of 
the sky at various zenith angles with 
the sbmehtnesss atetae zenith. “The 
zenith angles are given along the 
circular atciat the right. The bright- 
ness of the sky in various directions 
as compared with that at the zenith is 
represented by radii drawn from A 
in the corresponding directions. If 
the sky is uniformly bright as seen by 
the observer this radius, representing 
its brightness, will be evervwhere of 
unit length, and will everywhere touch 
the circular arc shown in the figure. 
If the sky is covered with a uniform 
layer of smoke which absorbs 20% 
of the zenith light, then the curve 
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marked “m=20%” represents the 
variation in brightness of the sky 
from the zenith to the horizon. At 
a zenith angle of 60° as shown by the 
radius marked “60°” at the right, this 
20% curve crosses the arc marked 
“0.8” at the bottom. This means 
that the sky in this direction is eight- 
tenths as bright as the zenith sky. At 
a zenith angle of 70° the brightness 
of the sky is seen to be about 65% of 
that at the zenith, while at a zenith 
angle of 80° the ratio of brightness 
falls to about one-third. At zenith 


02 03 04 05 06 07 08 09 |. 
Fraction of Zenith-Brightness. 
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angles smaller than 60° the brightness 
does not differ very greatly from that 
at the zenith. 

If the layer of smoke absorbs only 
10% of the vertical light, we may then 
find its effect upon the relative bright- 
ness of the sky by studying the curve 
in Fig. 11 which is marked “m=10%”. 
The other curves shown in the figure 
may be used in the same manner. 

It will be noticed that the bright- 
ness of the sky at a zenith angle of 
60°, in terms of the zenith sky, is 
always equal to (1-m). The 20% 
curve crosses the 60° radius at 0.8 
and the 10% curve crosses it at 0.9. 
This comes from the form of the ex- 
pression for this ratio as given in 
equation 3. The secant Ol 60° 4S.2, 
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so that the exponent of the parenthesis, 
(1 —m), becomes unity. for this angle 
On R= (IL-m). «T his relation points 
to an easy way to judge the absorption 


coefficient, m; of the layer of smoke. 
One_ needs, 
simply to compare the brightness of. 
the sky at 60° with that at the zenith. 


at any.time and _ place. 


No measurements of this absorption 
coefficient are known to’ the writer. 
It is to be hoped that they may be in- 


vestigated for a number of cities in 


the near future: They form a true 
standard of the smokiness of towns 
and should therefore be of interest to 
the general public as well as to the 
illuminating expen 

It was noted above that ~when the 
coefficient of absorption, m, is small, 
the upper porttionof the sky us- of 
nearly uniform brightness. It may now 
be seen that 1f the smoke piles up over 
a city, so that it cannot be considered 
asa Uniform Jayer= then toree icity 


sky it will have the effect of darken-. 


ing the upper portion more than the 
lower portion, or the sky will be more 
nearly uniform in brightness than 
shown in Fig. 11. Moreover in cities, 
on account of surrounding buildings, 
it is in general only the unper forty 
or fifty degrees of sky that are avail- 
able for illuminating the more im- 
portant floors of buildings. In cities, 
then, it is evident that for most cases 
the error will not be large if we con- 
sider the sky of uniform brightness 
from the zenith down to within about 
20 degrees from the horizon, and in 
some cases it may be advisable to dis- 
regard sky below this limit. 


Summary.—In summarizing the 
above discussion of the brightness of 
the sky we may enumerate the follow- 
ing points: 

1. The brightness of a small lumin- 
ous surface is the ratio of its candle- 
power in a direction at right angles to 
the surface divided by the area of the 
surface. : 

2. An opening ina roof or wall 
through which the sky is seen may be 
considered as a luminous surface, and 
its brightness‘ is called the brightness 
of the “ay the area in question being 
measured at the opening. 

3. The classes of sky described as 
(1) stormy,’ (2)}-overcast, (3) miore 
than half cloudy, (4) more than half 
blue, and’('5) clear, have at Chicago 
an average brightness of about 200, 
600, 500, 400, and 300 candles per 
square foot respectively. 

4. The brightness of -the sky at 
Chicago follows the™ percentage “or 
sunshine through the day and year 
approximately by the relation B=z2o 
(P-30), which equation is tentatively 
assumed to hold for other localities. 

5. The distribution of annual sun- 
shine in the United States is shown 
on the map Fis. 7. 

6. For any one month the average 
variation in sky brightness from the 
mean monthly brightness is about 
50% of the mean value. 

7. On the average, a sky free from 
smoke is uniformly bright in all direc- 
tions. 

8. Smoky skv is bright overhead 
but becomes dark at a rapidly increas- 
ing rate near the horizon. 
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Pte CIMITS= OF “ACCURACY IN 
ILLUMINATING ENGINEERING 


It has been generally admitted that 
the methods of measurement, and the 
calculations based theron, which form 
the mathematical basis of illuminating 
engineering, are not susceptible of the 
high degree of accuracy which per- 
tains to other branches of engineering 
work. In fact, there are doubtless 
many who still believe that there is not 
sufficient opportunity for the use of 
mathematical methods to justify the 
use of the term “engineering” in con- 
nection with illumination. The fact 
that apparently good results have been 
obtained without any such recourse to 
mathematics, and the general preval- 
ence of “rule of thumb” practises have 
doubtless contributed largely to this 
opinion. Up to the present there has 
been very little data available showing 
the relation between the calculated and 
the actual illumination obtained. 

Probably the first reliable informa- 
tion of this kind on an installation of 
sufficient size to render the results 
valuable was that given by Mr. Lin- 
coln Smith in the Quarterly of the 
Massachusetts Institute of Technology 
in 1902. As his valuable paper was not 
largely circulated at the time, we have 
thought it worth while to reprint in 


this issue. It will be seen that the 
results which he obtained were on the 
average within 6.6% of the theoreti- 
cal values calculated; and that while 
the maximum difference was 27.2%, 
such a deviation was unusual, and was 
accounted tor in nearly alll casesiuso 
that the maximum deviation was prac- 
tically not more than 10%. 

From these cases, however, it is 
evident that the strictly engineering 
features of an illumination problem are 
capable of very much more exact 
handling than has generally been sup- 
posed; in fact, the limits of error with- 
in which results may be confidently 
expected to fall are as close as in the 
general run of problems in other 
branches of engineering science. 





THE NEWEST HIGH EFFICIENCY 
INCANDESCENT LAMPS 


The term “new high efficiency in- 
candescent lamp” has already become 
ambiguous. Since the possibility has 
been shown of producing filament ma- 
terial capable of much higher eff- 
ciences than the carbon that has held 
the field for the past quarter of a cen- 
tury, there seems to be no limit to 
the number of elements or combina- 
tions of elements which are available 
for the purpose. The tantalum lamp 
has been before the public scarcely 
more than a year, and as yet cuts but 
a small figure in commercial lighting ; 
and yet within this time at least a 
half-dozen methods have been an- 
nounced for producing lamps of even 
higher efficiency and superior dura- 
bility. 

The latest of these methods to claim 
attention is the result of the work of 
American. experimenters. We refer 
to the lamp recently exhibited before 
the American Physical Society in this 
city by professors Parker and Clark, 
of Columbia University, a description 
of which will be found in the re- print 
of papers read before technical soct- 
eties in this issue. While the writers 
do not give a full description of their 
process “of making their filament, one 
quite remarkable point is brought out, 
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namely, that the principal constituent 
of the light-giving portion is silica. 
A property of their filament equally 
remarkable is its power of giving a 
much higher visible radiation at a 
given temperature of incandescence 
than either carbon or the infusible 
metals of which so much has been 
heard within the past few months. 
Still another remarkable quality of 
their lamp is the whiteness, that is, 
similarity to sunlight, of the light pro- 
duced. From this fact the discoverers 
have given it the name “Helion” 
(from a Greek word meaning the 
sun). 

Simultaneously with the public an- 
nouncement of this new and remark- 
able filament, a patent is issued from 
the United States Patent Office for a 
filament and a method of producing it, 
consisting of an alloy of tungsten with 
titanium and other metals. The date 
of the application. of this’ patent; 
which has been taken out by Heany, 
shows that he was among the earliest 
experimenters in this line, being ante- 
dated only by Cazin. 

The mention of the latter name also 
brings to our attention the fact that 
this well-known metallurgist utilized 
the so-called rare or infusible metals 
and their oxides in the production of 
lamp filaments a number of years ago, 
and sometime before any public an- 
nouncement was made of filaments 
utilizing such material. Briefly stated, 
his method consists of electro-deposit- 
ing any desired metal, such as osmium 
or tungsten, on to a carbon filament as 
a basis. The details have been quite 
fully described in two communications 
from Mr. Cazin, which have appeared 
in recent issues of THE [LLUMINAT- 
ING ENGINEER. The simplicity of his 
method as compared with the methods 
described in recent patents for the 
production of rare metal filaments 
would seem to commend it to the at- 
tention of manufacturers. 

That there are a considerable num- 
ber of methods of arriving at the gen- 
eral result, namely, a filament which 
shall give an efficiency of three to 
four times that of the present carbon 


filament, is a matter upon which con- 
sumers may congratulate themselves, 
since it practically assures an open 
field in the manufacture of incandes- 
cent lamps. 


IMPROVEMENTS IN THE MANU- 
FACTURE OF INCANDESCENT 
GAS MANTLES 

Recent improvements in the manu- 
facture of incandescent lamp _ fila- 
ments have been so numerous and so 
revolutionary in character as to ob- 
scure the really important progress 
that is being made in the manufacture 
of incandescent gas mantles. The in- 
candescent electric lamp was practic- 
ally co-temporary with the incandes- 
cent gas light; each marked an era in 
the progress of illumination, and each 
had its own particular defect which 
handicapped: its, use. =. nesineandes. 
cent electric lamp was comparatively 
inefficient as a light producer and cor- 
respondingly expensive to maintain, 
while the incandescent gas mantle was 
exceedingly fragile, thus entirely un- 
fitting it for use in many positions, 
and occasioning more or less annoy- 
ance in others. : 

Experimenters in the two _ lines 
therefore had two main objects in 
view, namely, to increase the efficiency 
of the electric lamp filament, and the 
stability of the incandescent gas man- 
tle. It is a rather curious coincidence 
that the solution of both problems has 
taken place simultaneously, and, as it 
were, by an exchange of methods. 

As is. well known, incandescent 
mantles have heretofore been made by 
impregnating a fabric knit from vege- 
table fibre with salts of the rare met- 
als, and then burning out the vege- 
table matter. It will also be recalled 
that, for a number of years in its early 
history, the incandescent electric lamp 
filament was made by carbonizing nat- 
ural vegetable or silk fibre. In fact, 
the only material improvement in the 
carbon filament lamp since its first in- 
troduction was the discovery of a 
practical method of preparing the fila- 
ment material by dissolving the fibre 
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(cellulose) and drawing out the 
threads from the solution, thus pro- 
ducing fibres of practically uniform 
diameter and of solid, homogeneous 
structure. 

It now appears that even greater 
advantages are obtained by the use of 
threads thus made in the manufacture 
of incandescent mantles. An exceed- 
ingly interesting and comprehensive 
article on the subject, contributed to 
the Journal fiir Gasbeleuchtung by 
Dr. Boehm, of Berlin, will be found 
Modenatie. Kweview of the - Technical 
Fress, and will well repay reading for 
its general interest. 

It appears that by the proper man- 
ipulation the mantles made of thread 
produced from a cellulose solution are 
not only far less fragile, but more ef- 
ficient light producers as well; in fact, 
the two iniprevements together, while 
not revolutionary in character like the 
original discovery of the Welsbach 
mantle, are yet of sufficient impor- 
tance to have a decided influence on 
the future of gas lighting. 

Thus the incandescent electric lamp 
has taken a new lease of life by util- 
izing the more efficient light-produc- 
ing properties of the “rare metals” 
and their oxides as exemplified in the 
Welsbach mantle, while the incandes- 
cent mantle is to be rehabilitated by 
appropriating the advantages of arti- 
ficially prepared fibre, long used by its 
electrical competitor. 


DIRECT vs. INDIRECT ILLUMINA- 
TION 


The revolution in the means of pro- 
ducing light electrically, which all 
authorities in this country now agree 
is imminent, is based upon the re- 
search and investigation of German 
and Austrian scientists and experi- 
mentors. A review of the technical 
literature of those countries also re- 
veals the fact that the scientific basis 
of illuminating engineering is being 
investigated in the same painstaking 
and thorough manner that is such a 
well recognized characteristic of the 
Teuton mind. 


Among the articles of the foreign 
technical press reviewed in this issue 
will be found one by Mr. E. Schilling, 
of Munich, in which there is a discus- 
sion ol: the relative merits of direct 
and indirect illumination. Careful 
tests were made of two different sys- 
tems, one consisting of indirect illum1- 
nation by incandescent gas lamps, the 
other direct illumination by incandes- 
cent electric lamps placed as high as 
possible, and using prismatic glass 
globes to direct and distribute the 
light. It appears that the indirect sys- 
tem by gas lighting seemed to be 
scoring an advantage from both the 
mechanical and hygienic standpoints 
over electric lighting, and this appar- 
ently stimulated the advocates of elec- 
tric lighting towards efforts to devise 
a system which would surpass its 
competitor. 

It is regrettable that this spirit of 
legitimate rivalry between the two 
systems of lighting, expressing itself 
in efforts of the contestants to surpass 
each other in the excellence of the 
general results obtained, has no ade- 
quate counterpart in this country ; but 
as many of the great improvements in 
the production of light originated and 
flourished in Germany for some time 
before being generally recognized 
here, it is not too much to hope that 
the American gas interests will soon 
awake to the necessity of handling gas 
illumination from the scientific and 
engineering standpoint. 

In regard to the hygienic quality of 
direct illumination from sources 
placed high, we cannot agree with the 
claims made by the German experi- 
mentors that the light is of equal hy- 
gienic quality with that diffused from 
a white ceiling. We contend, and we 
believe that experience will bear us 
out, that strong direct light, even from 
a prismatic globe. when reaching the 
eves at a position high above them is 
exceedingly fatiguing. 

There is also one important point in 
which indirect lighting from a white 
ceiling is defective, and that is in Qiv- 
ing objects their proper relief, or per- 
spective. This property is one of the 
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most important elements of vision, 
and.in many classes of work, such for 
example as work on textiles, and fine 
mechanical work, the absence of re- 
lief produced by light coming equally 
from nearly all directions is a serious 
defect. The fact that indirect illumi- 
nation simulates daylight to a certain 
extent must not be made too much of. 
As a matter of fact it does simulate 
daylight, but in a sky-lighted room; 
and if any one will undertake to do 
work under such a light, that is, day- 
light, through a ceiling, he will find 
that it is extremely annoying and fa- 
tiguing to the eyes. This is the case 
even though vision in which relief is 
of minimum consequence, such as 
bookkeeping or reading, be employed. 

Being a new science, there is a nat- 
ural tendency to jump at conclusions 
in regard to illumination, and some of 
the effects which are admirable from 
the theoretical standpoint will not 
stand the test of continual and actual 
use. 


THE PURCHASE, OF STREET ai- 
LUMINATION 


An item of “miscellaneous news’ 
which appeared in our December issue 
is worthy of more than passing men- 
tion, as it calls attention to the ex- 
tremely loose methods which have 
heretofore prevailed, and are still in 
common use in the purchase of street 
illumination by municipalities. It 
seems ‘that the-city of Hast Orange. 
N. J.,or at least2a portion of its cii- 
zens, lately became seriously inter- 
ested in the economic problem involved 
in its public lighting. An  illumi- 
nating engineer was employed by the 
City Council to investigate the matter 
and report. To the “surprise and in- 
dignation” of those interested, the re- 
port showed that the city was only 
getting about one-half the illumina- 
tion which it was supposed to be get- 
ting, or at least entitled to, under its 
contract with the corporation furnish- 
ing the lights. Gas lamps which were 
supposed to furnish 50 candle-power, 
by an actual test in the streets only 


showed 22 candle-power. The respon- 
sibility for this state of affairs was 
clearly put up to the city authorities 
who made the contract, by the eng1- 
neer making the report, who pointed 
out that the contract “failed to cover 
the very important considerations 
which would permit the company sup- 
plying the light to furnish inferior 1l- 
lumination without violating its con- 
tract and probably without fear of de- 
tection.” In other words, the con- 
tract was a simple jug-handled affair, 
drawn by a corporation that fully un- 
derstood its business and points of 
vantage, and entered into with city of- 
ficials who knew nothing of the tech- 
nicalities involved, and who did not 
recognize their ignorance sufficiently 
to employ an expert adviser. The call- 
ing in of an expert lone aitermine 
contract had been made is a beautiful 
example of “locking the barn after the 
horse 1s stolen.” 

What would be thought of the busi- 
ness sagacity of a person who wou'd 
make an important contract, involv- 
ing both technical and legal matters 
of the highest importance, in which 
the other party were represented by 
expert counsel, without having any 
legal advice himself? And yet con- 
tracts involving millions of dollars 
for public lighting are annually made 
by public officials who know prac- 
tically nothing of the technicalities of 
the subject, with corporations whose 
particular business it is to understand 
the matter in every detail. The exami- 
nation of such contracts by a compe- 
tent illuminating engineer is of far 
greater importance than their exami- 
nation by the Corporation Counsel : 
and until cities realize this fact there 
is every occasion to blame, and little 
occasion to sympathize with them if 
they get the worst of the bargain in 
their dealings with the lighting com- 
panies. 


HYGIENIC ILLUMINATION 


Under the above caption the Pro- 
gressive Age of January Ist contains 
a short and pithy editorial. The com- 
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ments made are so terse and to the 
point that they will bear repeating as 
topics for further discussion. 

Beginning, the editor remarks: 

The unfriendly have frequently contend- 
ed that gas lighting was not healthful by 
reason of its vitiating the air of rooms, 
but they have yet to point out actual cases 
of positive injury resulting therefrom under 
normal conditions. The same cannot be 
said for electricity, for although the in- 
candescent bulbs do not deliver carbon 
dioxide into the air, they injure the eyes 
for the benefit of which they are used in- 
stead of assisting them, by reason of both 
insufficient illumination and the blinding 
glare of exposed filaments burning their 
images into the retina of the eye until the 
nerves are seriously affected. 


The question of vitiation of the air 
by the production of carbon dioxide 
from gas and oil flames is a very old 
one. Perhaps the most thorough in- 
vestigations in regard to the matter 
were those, the results of which were 
embodied in a paper presented to the 
New England Association of Gas En- 
gineers by Mr. A. P. Beardsley, which 
was reprinted in our May issue. In 
general it is safe to assert that this 
source of danger is much more theo- 
retical than real; there is little reason 
to believe that the comparatively pure 
carbon dioxide generated in the pro- 
cess of combustion in the production 
of light ever assumes proportions that 
have any perceptible hygienic effect. 
It should be borne in mind that carbon 
dioxide chemically generated by the 
process of combustion is quite a dif- 
ferent substance from the mixture of 
carbon dioxide with the various or- 
ganic matter which is exhaled from 
the lungs in the process of breathing. 
Of the temporary discomfort, if not 
permanently injurious effects of the 
latter, when present in appreciable 
quantities, there can be no doubt; but 
Of actual physical injury from the 
gas resulting from flames used for il- 
lumination, we have no knowledge of 
any authentic examples. 


Proceeding, the editorial says: 


The customer who buys electric light 
finds it expensive, tries to economize and 
the invariable result is insufficient light. 
To get the most for his money he places 


the light near the thing to be illuminated, 
right in the range of vision where the 
glowing filament is generally impressed on 
the less used portions of the retina and 
serious eye fatigue results. This would 
not be so reprehensible if the customer 
himself were the only one affected by this 
attempt at economy, but he subjects his 
family, his patrons or school children to 
an enforced torture, those who are de- 
fenseless against this insidious evil; eye 
strain results and often permanent injury. 


That the conditions here set forth 
are only too common in actual practise 
must be admitted. It is hardly fair, 
however, to lay this sin of excessive 
glare (intrinsic brilliancy) entirely to 
the electrict light. Incandescent gas 
lighting has many sins of the same or- 
der to answer for. Ever since the 
electric lighting has been a commer- 
cial source of illumination the gas in- 
terests have been devoting themselves 
assiduously to an attempt to equal or 
surpass the sinfulness of the electric 
light in this respect. Not satisfied with 
the glare of a single mantle burner, 
they bunch three or four of them 
together in a vain attempt to out- 
glare even the electric arc which, how- 
ever, thus far stands unrivaled. As 
to the position of the light’s source, 
the electric light has the advantage of 
being far more adaptable than gas, for 
the reason that gas must be within 
reach for turning off and on. 

It is somewhat peculiar, and we 
think unfortunate, that the gas inter- 
ests have not seized upon the inherent 
advantages of the incandescent gas 
light in having a somewhat lower in- 
trinsic brilliancy than the incandes- 
cent electric lamp, together with the 
possibility of using diffusing globes 
without reducing the life of the incan- 
descent body, as happens in the case 
of frosting the bulbs of electric lamps. 
We have already pointed out that the 
incandescent gas light in its present 
forms is incapable of quite as artistic 
treatment for most purposes, and es- 
pecially for domestic lighting, as the 
electric light, and that, especially in 
view of the great reduction in cost of 
electric lighting which must soon take 
place by reason of improved forms of 
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lamps, it behooves the gas interests to 
make the most of the advantages of 
better diffusion, and lower intrinsic 
brilliancy, instead of resting wholly 
upon the mere superiority in the mat- 
ter of cost. In this respect gas light- 
ing fares better at the present time in 
Europe than in this country. 
Proceeding, the editor says: 


If there is anything we need more than 
another it is our eyesight and a direct and 
strenuous attempt should be made by all 
interested in the lighting business to maké 
the eye the first and only consideration in 
designing lighting installations. By avoid- 
ing sharp contrasts, making general il- 
lumination soft and uniform, keeping all 
intensely bright lights out of the line of 
vision and deriving local lighting from 
large lighting surfaces, much can be ac- 
complished, but the subject should be thor- 
oughly investigated at once and lighting 
rules adopted and put in force. 

This is a subject for the [luminating 


Engineering Society to handle. They have’ 


been running to electricity very largely 
and it is to them we look for electric- 
lighting policy. They could readily com- 
pile a set of lighting rules and see that 
these get into the hands of all lighting 
companies for consideration, revision or 
adoption. Carbon dioxide has been pres- 
ent in rooms since the days of cave dwell- 
ers and wecan put up with ita little longer, 
but these intensely glaring light sources 
are so recent as to have their evil affects 
not generally understood and this is all 
the mose reason that immediate attention 
should be paid to them. 

It is impossible to lay too much 
stress upon the preservation of the 
eyesight, and the utter disregard of 
the dictates of the most ordinary com- 
mon sense, to say nothing of the prin- 
ciples of illuminating engineering, 
which is so frequently in evidence in 
the very places where good illumina- 
tion is most necessary—for example 
in school rooms, libraries, reading 
rooms, and work shops—is an out- 
rage upon the most precious of all the 
senses which has absolutely no paral- 
lel in any other of the departments of 
practical hygiene. It is professedly 
one of the objects of the Illuminating 
Engineering Society to remove these 
conditions by calling attention to their 
existence, and disseminating knowl- 


edge which will lead to better methods 
of practise. While illuminating eng1- 
neering may be truthfully said to have 
established itself as a profession, its 
field at present may be still considered 
as missionary ground, and a vast 
amount of work has yet to be done be- 
fore the public in general have a due 
appreciation of the unnecessary in- 
convenience and injury which they 
have been enduring in this respect, 
and the ease with which these condi- 
tions can be improved. 





THE FIRST YEAR OF THE ILLUM- 
INATING ENGINEERING 
SOCIETY 


With the annual meeting held on 
the 14th of this month, the Illuminat- 
ing Engineering Society closed the 
first year of its official life. The re- 
port of the sretiring spresident Viana 
B. Marks, and the brief address of 
the: incoming. president, Drs (Gre 
Sharp, will be found elsewhere in this 
issue. President Marks’ brief report 
covers the progress of the Society 
during itssarst year of existence #410 
is doubtful if any scientific or techni- 
cal association has ever been or- 
ganized which has accomplished so 
much in establishing its right to exist- 
ence within a similar time as has been 
shown by the Illuminating Engineer- 
ing Society. While there were at the 
beginning of the movement a few 
faintly dissenting voices, they were 
soon entirely lost in the general ac- 
claim of approval with which its or- 
ganization was greeted. The fact is 
that the time was not only ripe for 
illuminating engineering to come 
forth as a justly recognized branch of 
applied science, but conditions had 
actually been awaiting its arrival for 
a number of years. The seed thus 
fell on soil ready prepared and fertile 
for its growth. 

The success of the first year is the 
best evidence of a continued and pro- 
longed future. 
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Research and Investigation 


CONDUCTED BY THE ILLUMINATING ENGINEER 


[NOTE.—It is the purpose of The II- 
lummating Engineer to supply to the 
fulles:! extent possible, original data per- 
taming to the engineering of illumination. 
To this end special investigations will be 
made from time to time by competent and 
impartial authorities, under our general 
direction, of matters upon which such re- 
search may promise new and valuable 
information. These investigations, of which 
several have already been made and re- 
ported im our columns, will be undertaken 
solely on our own initiative, and absolutely 
independent of any particular commercial 
interest. The actual laboratory work re- 
quired will be carried out by competent 
and tmpartial investigators, and the reports 
made will be the exclusive copyrighted 
property of this publication. | 


THE INFLUENCE OF CHIMNEYS 
UPON THE EFFICIENCY AND 
PERFORMANCE OF INCANDES- 
CENT GAS BURNERS 


The introduction of airhole glass- 
ware, i. e., of chimneys having perfor- 
ations near the bottom, for use on in- 
candescent lamps, has been generally 
accepted in this country, as a distinct 
improvement, upon the claims that 
were originally made for this design 
on their first appearance in Europe. 
As these chimneys are radically dif- 
ferent in their construction from the 
types formerly in use, and since, more- 
over, they differ among themselves in 
general design, it was thought that an 
investigation of the influence of the 
chimney on the performance of the 
burner might develop some interest- 
ing, if not important results. We ac- 
cordingly purchased in the open mar- 
ket five different forms of chimneys, 
which practically represent all the dif- 
ferent types now in common use. 
These include the long and_ short 
straight-sided chimney without per- 
forations, and three different forms of 
perforated chimneys, as shown in the 
diagram, Fig. 1. These were submitted 
to the Electrical Testing Laboratories, 


and the results obtained are given in 
the following report: 


Report on Photometric Test of Welsbach 
Lamp with Various Chimneys Sub- 
mitted by and Tested for the II- 
luminating Engineering Pub- 
lishing Co. 


DESCRIPTION. 


Welsbach Gallery Burner, catalogue No. 
66, with No. 66 deck plate. 

No. 197—J mantles (new). 

Clear glass chimneys of the “F. Q. M.” 
brand, as follows: 


Fig. No. Style Height Max. Diam. 
I Plain 5 % in. tet y DOs 
2 o 8 ik Bags Onace 
2 Airhole 5 % in. 2M = 
4 oc 6 344 66 2 34 66 
5 6c 9 iz (73 2 We oe 


METHOD OF TEST. 


The photometric test was confined to 
the measurement of horizontal candle- 
Gas obtained from street 
mains at a pressure of 1.5 inches water. 
With each chimney measurements were 
made with various adjustments of the gas 
flow, ranging from the smallest supply of 
gas which would render the mantle fairly 


power. was 


incandescent up to the maximum supply 
of gas. 
RESULTS OF TESTS. 
The curves in Fig. 2 show diagrammatic- 


ally the candle-power and candle-power per 
cubic foot per hour of the lamp submitted 





I.—TYPES OF CHIMNEYS TESTED 


FIG. 
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FIG. 2.—RESULTS OF VARIOUS CHIMNEYS ON CANDLE-POWER. 


to test when equipped with each of the 
five chimneys, and when consuming gas at 
various rates supplied at a pressure of 1.5 
inches water. 

The maximum candle-power values and 
the maximum efficiences (expressed in 
candle-power per cubic foot per hour) 
which were obtained, appear in the table 
below. 

From this table it will be noted that the 
maximum candle-power is obtained at a 


rate of consumption greater than that at 


which the maximum efficiency is secured. - 


It also appears that the maximum candle- 


airhole chimneys are obtained at a higher 
rate of gas consumption than when the 
plain chimneys are used. Furthermore, 
with increased height of chimneys a 
higher rate of gas consumption is neces- 
sary to secure the highest obtainable 
candle-power and efficiency. In order to 
illustrate these points the curves shown in 
Tig. 3 have been prepared. 


SIGNIFICANCE OF RESULTS. 


The candle-power of an incandescent 
gas lamp depends upon a number of vari- 
able factors, among which the following 


power and the maximum efficiency with the are of first importance. A change in any 








MaxIMUM CANDLE-POWER AND EFFICIENCY VALUES UNDER CONDITIONS STATED 
ABOVE 


Maximum Candle-power. Max. Efficiency 
Cutt seC. Paper Cun > Ca Pe perCaeee 


Chimneys CAP, per lire per hour: per hour. 
gg Gey allen rane. bie ane ee 98 4.25 23.0 24.0 
SA. plains Dee ryaes 103 Aaats par 230% 
5% in. airhole with deck 
Dla te <anya ae ee SE 107 5 aA5 19.6 t=O 
634 in. airhole with deck 
PIAteL et a eee 12 gels 20.3 265 


97% in. airhole with deck 
DIAtes ew Mae ee 128 Ore TQ .0 21 


- ). en ee ee eee 
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FIG. 3.—CURVES OF EFFICIENCY WITH DIFFERENT CHIMNEYS. 
one of these might affect the results ma-_ to be considered subject to limitations im- 
terially : posed by a single set of conditions. 
we paseo ELECTRICAL TESTING LABORATORIES, 
antle. 
Preston S. MILLAR. 
Age of Mantle. 
Burnet Approved by Clayton i. tSaarpe- bese 
Quality of Gas. Unticer. 
Atmospheric Conditions. Pp. S. M. — P. 


The significance of this test is therefore Jan. 14th, 1907. 


946 


In general, the results of this in- 
vestigation elvan that the commonly 
accepted opinions in regard to the rel- 
ative merits of chimneys for incan- 
descent gas burners are in exactly the 
reverse order of the facts. Thus, the 
greatest quantity of light from a given 
quality of gas, i. e., the greatest num- 
ber of candle-power-hours per cubic 
foot, is obtained by the use of the 
plain, short, straight chimney, while 
the tallest air-hole chimney gives the 
smallest amount—about 16 per cent 
less; and this holds true whether the 
chimneys are adjusted to maximum 
candle-power or maximum efficiency. 

The results shown develop some 
rather curious and interesting facts. 
Perhaps the most important of these 
is, that the highest efficiency of an in- 
candescent gas burner in any case is 
not obtained under the conditions at 
which it gives its maximum quantity 
of light. This is especially true in the 
case of plain chimneys. The prac- 
tise of adjusting a burner to give its 
maximum light, therefore invariably 
causes it to operate considerably below 
its maximum efficiency. 

The curves in Fig. 2 bring out fhe 
rather curious fact ae while the max- 
imum candle-power obtainable  in- 
creases with the height of the chimney, 
as shown by the peaks of the curves in 
the upper part of the diagram, the 
maximum efficiency decreases in ap- 
proximately the same proportion, as 
shown by the peaks of the curves in 
the lower part of the same diagram. 

Another fact of importance, as 
brought out by this investigation, is 
that a greater total quantity of light 
can be produced with a given con- 
sumption of gas by the use of the 
straight-sided than with airhole chim- 
neys; but such a result requires the 
use of a somewhat larger number of 
burners. 
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As we have mentioned before, the 
air-hole chimney is a German inven- 
tion, and by far the larger part of the 
chimneys in use in this country of this 
pattern are still imported. They were 
hailed as a great improvement in in- 
candescent lighting on their first ap- 
pearance in Germany, and apparently 
have been accepted in this country 
without question, on their foreign 
reputation; and it will no doubt be a 
considerable surprise to those inter- 
ested to find that these supposed im- 
provements are in fact inferior to the 
little straight-sided chimney which has 
been almost entirely superceded by 
these newer forms. In seeking to 
produce a larger total candle-power, 
the question of actual efficiency 
has apparently been lost sight of. The 
fact that these air-hole chimmeys eare 


difficult, and therefore relatively 
expensive, . to manufacture—so dif- 
ficult in tact that, ‘with perhaps 


one exception, they have not been 
successfully manufactured in this 
country—should lead manufacturers 
to further investigations as to the 
best form of chimney for modern 
burners; for it is evident that there is 
still room for material advancement 
along this line. 

It will be noted that all photometer 
measurements in this investigation 
were made at a gas pressure of 1.5 
inches of water, which may be con- 
sidered nearly a minimum. It 1s pos- 
sible that higher pressures may develop 
different results, and a further series 
of investigations is being carried out 
to determine this. 

The question of the relative life of 
the different forms of chimneys is also 
of importance in connection with their 
use, but this is a matter upon which 
only extended observations would fur- 
nish any reliable data. 
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Facts and Fancies 





CHICAGO REAL ESTATE ENTER- 
PRISE 


_ Chicago real estate dealers do not 
believe in sitting on the curb and wait- 
ing for customers to hunt them up. 
They put up their signs so that he 
who runs may read, by night as well 
as by day, as is shown in the above il- 
lustration. Where is the city that can 
beat this for push’? 


DON’TS IN ELECTRIC LIGHTING 


In a letter appearing in the Chicago 
Daily News, signed by Ernest Filer, the 
following advice is given to users of the 
electric light: 

Don’t let the office boy or any one else 
who does not understand make changes in 
electric wiring or lights. They may do the 
very thing they ought not. 

Don’t pull a lamp hung by a flexible 
cord to one side with a wire and then fas- 
ten to a gas pipe. I have seen a wire be- 
come red hot in this manner. If the lamp 
hung by a cord must be pulled over, use 
a string. . 

Don’t wrap paper around a lamp for a 
shade. You might go home and forget it 
and a fire’ might be started from the heat. 
Use a glass or metal shade. That is what 
they are for. 

Don’t let a socket on a fixture hang 
loose. Have it repaired. Otherwise it 
may cause trouble where least expected. 

Don’t try to save a little by running 
flexible wires over boxes, partitions, and 
into closets. Have permanent wires in- 


used this 


These flexible wires 
Way are dangerous. . 


stalled. 


HAVANA: A CITY OF LIGHTS 


From American Gas Light Journal. 


This is the land in which everybody burns 
numerous lights. Lights are in operation 
in lower floors, middle floors and upper 
floors of practically all dwellings. There 
are lights in the cupalos and lights on the 
porches; lights are burned all night at the 
gates. In fact, one might well call the city 
of Havana and suburbs a city of lights. I 
wondered how the people could afford to 
burn the gas and electric lights so freely, 
until I found out that several descriptions 
of light are used to keep down expenses. 
Carbide is procured here in 100-pound 
casks for $4.50, American money, at retail. 
You would be surprised on seeing the 
number of acetylene gas plants in oper- 
ation in the Havana homes. It seemed to 
me that every dwelling, as well as nearly 
all buildings for business purposes, is fur- 
nished with exterior structures in which 
carbide gas is generated for the supplying 
of light; and some of these exterior struc- 
tures are really attractive little buildings. 
The attached illustrations were sketched 
from some of the carbide houses. The 
people of Cuba take to the acetylene light 
with great freedom. Your correspondent, 
who has traveled in the Philippines, China, 
Japan, Hawaii and other countries, observed 
that carbide generators were used in some 
degree for the making of lights for homes 
and business houses; but the proportion of 
carbide consumed in Cuba is many times 
ereater. It seems to be the fad to have an 
acetylene gas plant in connection with the 
other light equipments of the building. 
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ZOOKSmaL 


LIKE A House, 


Some homes and business houses use 
four styles of light, namely, gas light, elec- 
trical light, carbide gas lights and oil lights. 
It is very usual to find the acetylene light 
in service with the electrical jets. Often 
the common house gas lights and carbide 
gas lights are combined in furnishing bril- 
liancy for the Spanish or Cuban home. ‘The 
foreigner who comes to the Islands quickly 
adopts the same method and has his in- 
stallation of carbide gas made for perma- 
nent use. The United States army is here 
now, and where the troops are located at 
Camp Columbia, 9 miles out of Havana, a 
number of carbide gas generators are being 
introduced for lighting purposes. I find 
there are several reasons for the use of the 
carbide gas in this country. The leading 
one, of course, is the great desire of the 
people for plenty of light, who like to have 
a light shining in every room, whether the 
room is used or not. The people delight 
in entertainment and music on the porches 
of an evening, and numerous lights are re- 
quired to make the scene right. If the 
people were to use electrical lights, or even 
the house gas at prevailing rates, for pur- 
poses of lighting as a Cuban mansion ought 
to be lighted, the cost would be high. 
Therefore the cheaper lights are sought out. 
At present the carbide gas is in favor, and 
numerous exterior structures are in course 
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of building for the installation of gas mak- 
ing plants at the back of residences and 
business houses. If the people of the 
United States were to burn lights with the 
same liberality that the people of Havana 
do, the gas companies of America would 
reap a harvest. 

The Cuban may economize on food and 
clothes, but he will pay out money liber- 
ally for lights and flowers. He does not 
overlook music, either. Lights, flowers and 
music are his choices. It is really worth 
the while to take a car ride through the 
city of Havana and the suburbs of Ven- 
dado and Marianoa for the purpose of ob- 
serving the lighted porches and _ houses. 
‘the first light is at the gate of entrance; 
the next series is at the porch, followed by 
one over the main door. Then come the 
house lights, and you get a picture which 
reminds you of a theatrical representation. 
Neatly dressed ladies and children are on 
the porches or in the rooms. There is 
music. Perhaps wines are served. The 
gentlemen are neatly dressed. There are no 
blinds or curtains, and you can see every- 
thing and everybody. It is a _ beautiful 
sight. You can count two or three, some- 
times four, kinds of lights, and distinguish 
them by their brilliancy. This. keeps up 
late. The Americans do some figuring on 
gas bills. The hours of the night are 
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counted at so much per hour for gas ex- 
pended; but the people of this country ap- 
pear to overlook gas bills. They let the bills 
run on. They are inclined to sleep an hour 
or two in the afternoon, consequently they 
are rested for a _ night’s entertainment. 
Therefore, to ride through the streets of 
the city and the suburbs at midnight means 
that you will find the lights brilliantly 
glowing in the homes. Soon after mid- 
night things quiet down. The lights are 
extinguished and the shutters are closed, 
the iron gratings are clasped and the ex- 
terior of the house is gloomy indeed. 
Meanwhile the meters have been clicking 
merrily along, and really quite a little item 
of gas and electrical light bill has been run 
up during the long evening. But nobody 
cares. The cost is kept down to some ex- 
tent by the use of acetylene lights. And 
the Spanish and the Cuban folks are not 
satisfied with crude underground arrange- 
ments for the making of the gas. They 
do not use a basement, because as a rule 
no basements are made in these homes. 
They erect separate little edifices for the 
gas outfit. Everything connected with the 
generation of the gas is kept in this build- 
ing. I have seen these structures erected 
with great care in conspicuous places in the 
grounds. The little things are well de- 
signed and finished. Fig. 1 will give an 
idea of one of the fanciful types of build- 
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ings used. The structure is made just 
about large enough so that a person can 
readily stand and move about inside, after 
the equipment for generating the gas is in- 
stalled. The exterior is finished off to 
harmonize with the plan and color of the 
main buildings. The gas house is a part 
of the estate, just as in America we often 
see a dog house built to harmonize in shape 
and color with the residence or the barn. 
Sometimes the gas house is built like a 
living house, as in Fig. 2, and is divided off 
into rooms so that the servants may live 
there and look out for the plant. There 
are not many of the combination § struc- 
tures, however, because as a rule it is con- 
sidered safer to have the plant in a build- 
ing of its own. Fig. 3 is a diagram show- 
ing the floor plan of one of the typical 
gas houses. 

Fig. 4 is a sketching of one of the large 
sized buildings, used for maintaining a big 
outfit for furnishing a public building with 
gas. All of these buildings are erected 
with a view of being exceedingly strong. 
Bolts and screws. are employed freely. 
Some of the little structures are entirely 
of stone; others are brick and wood; some 
are covered with sheet metal. 

The people quickly become familiar with 
the use of the carbide, and I have not heard 
of any accidents, although thousands of 
the equipments are in nightly service. 








“FIRE-FLY’?’ WATER DANCES 
BERLIN 

Lamplight dances in the water form a 
brilliantly picturesque feature of the festi- 
val of the Berlin Swimming Club. Each 
swimmer, men and women alike, adorns 
his head with a lighted Chinese lantern ; 
the merry crowd then swim in procession 


IN 





from the bath house, and at a signal from 


their commander perform various evolu- 
tions, the figures being, as it were, outlined 
in fire upon the waters. Large numbers of 
people delight in the spectacle, and the 
wonderful effects produced display con- 
siderable skill on the part of the perform- 
ers.—Popular Mechanics. 
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Correspondence 


FROM OUR READERS 


CORRECTIONS 


We are requested by Mr. Cazin to 
make the following corrections in his 
letters which appeared in the Novem- 
ber and December issues: 

Subsitute on page 742 the 2d line of the 
Ath paragraph by: “the basis of possessing 
originally” and cancel the last word “of” 
inthe next line. 

Cancel on page 845 in the 4th line of the 
2d paragraph the word “begun.” 

Insert on same page 845 into the 8th 
line of the same paragraph, after “liberty 
of’ the words “at present and until the 
patent, covering the new hermetical seal 
has been issued.” 

Substitute on page 846 the last word 
“street” of the 3d paragraph by the word: 
“dwellings.” 

Substitute on same page 846 the last two 
lines of the paragraph beginning with “3,” 
by the words: “mounted on an eed 
glass—(test-) tube.” 

Correct on page 847 in the 2d paragraph 
in the 6th line from its end the date of 
Cazinrs Application to read: October 15, 
“1807.” 

Engineer. 


Editor, The I lluminating 


Dearest. —— 


I find in the Literary Digest of Jan. 
5 an article on “Cloud- Heights Meas- 
ured by, Hlectric sieht. said (tog we 
from your publication. It states that 
the idea of determining by reflection 
the elevation of clouds, their bases of 
course, was never conceived of be- 
fore. 

I wish to state that I have known 
of this method for over thirty years, 
applying it myself first on Aug. 21, 
1874.. Aboute2 o clock A. Mover that 
date a thunderstorm passed over this 
section and immediately after its pas- 
sage, I noticed an illumination of the 
base of the storm-cloud or rather the 
outskirts of it. I was at the time much 
interested in storms, being an observer 
and correspondent of the Smithsonian 
Institution at Washington. Suddenly 
it occurred to me that I could deter- 
mine the elevation of the cloud-base 
provided I could learn where the fire 
was. <A local paper furnished in a 


day or two the desired data, stating 
that the barn of Andrew Lockhart was 
burned by lightning at the hour speci- 
fied. I determined on the county map 
the distance from my point of observa- 
tion to the Lockhart place. Having at 
the time of the fire taken the elevation 
of the central point of the glow upon 
level, I now had all the desired data 
and readily determined the elevation 
of the cloud-base. 

In teaching classes, I have often 
mentioned this circumstance, and have — 
spoken of it also in lectures in meteor- 
ology, but I am not sure that I have 
ever put the matter in print. 


Yours truly, 
Ay, EAS W BE 





Mormsonm sil lanrer2 
The Illuminating Engineer. 
Gentlemen :— 


The recent remarkable growth of 
interest in the subject of illumination 
is well exemplified by the rapidity 
with which the movement throughout 
the country has spread. Naturally at 
the start the subject of better illumi- 
nation was taken up in the large cities 
but the smaller places have in many 
instances not at all been behind the 
larger places in. the endeavor to give 
the customer better illumination and 
therefore better satisfaction for the 
same expenditure of energy. So rapid 
has been this growth that the Lamp 
Companies find it impossible to fill the 
orders for the latest types of lamps of 
a higher efficiency than the old carbon 
types. As an example as to showing 
how the movement has spread to the 
smaller towns may be cited the case of 
Middlebury, Vermont, a small place 
of only 1,900 people. This town, un- 
der the efficient management of Mr. 
C. C. Wells, Secretary and Manager 
of the Company, has perhaps some of 
the best lighted stores’ that can be 
shown anywhere. The store lighting of 
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this small place is on the average much 
superior to the larger cities. The 
movement is spreading so rapidly in 
the town that the management find it 
impossible to keep pace with the same. 

It is interesting to note the attitude 
of a small place like this compared 
with the attitude of similar towns a 
few years ago before the movement 
toward better illumination had start- 
ed. At that time a store was suf- 
ficiently well lighted if a number of 
bare incandescent lamps were hung 
by drop cords in different parts of the 
store, allowing the bare lamps to 
glare in the eye of the customer as 
they were placed only slightly above 
his head; lighting the ceiling fully as 
well as the counter. Today this atti- 
tude has materially changed and the 
electric light companies are endeavor- 
ing to educate their customers to the 
difference between light and illumina- 
tion which results so materially to 
their benefit as the customer ultimate- 
ly uses more light, gets better illumt- 
nation and becomes a satisfied in- 
stead of a dissatisfied customer. 


Very truly yours 
Vek CANSINGH. 


New ork City, January 11th, 1907. 


Editor, The Illuminating Engimeer. 


Dear Sir: Will you kindly print 
in your journal definitions of the 
terms “Lux” and “Lumen,” and make 
comparisons, if such be possible, with 
candle-power. 

I think it would be a good plan to 
insert a glossary of all technical terms 
for the benefit of those who, like my- 
self, are on the threshold of this 
science, and have a partial idea, for 
instance, of what Fechner’s law is. 


Yours truly, 


-Louts LiLoyp. 


Pie stetiteesluxee has tate least. as 
many different values as there are dif- 
ferent important countries. The origi- 
nal suggestion of the term is at- 
tributed to Preece, who in 1883 de- 
fined it as the illumination on a sur- 
face normal to the rays, and 12.7 
inches from the standard English can- 
dle; and this definition is given in the 
American dictionaries. 

Palaz (Industrial Photometry) 
gives it as the illumination produced 
by a source having an intensity of 
one decimal candle (equal to 1/20 of 
the absolute platinum standard) at a 
distance ot one meter, 

Louis Bell defines it as the Bougie- 
meter of intensity; the Bougie being 
the French standard candle. 

Carl Hering states that the lux is 
equtvaicnt 10: ae iiciner meter. the 
Hefner being the German standard 
candle. 

leastly,. Flemming “ives it as othe 
intensity produced on a surface at one 
meter distance from a _ light-source 
giving unit intensity, leaving the 
standard light-source to be supplied 
according to the custom of the coun- 
try in which measurements are made. 

From these definitions it will be 
seen that the term “Lux” at present 
has absolutely no fixed meaning, un- 
less it is specifically defined. 

The “Lumen” is a unit intended for 
the measurement of the total quantity, 
or flux, of light given out by a source. 
The relative total quantities of light 
given out by different sources are in 
proportion to their mean spherical 
candle-powers, although in a stricter 
sense mean spherical candle-power is 
a measure denoting intensity of il- 
lumination on a unit surface. The 
lumen is intended to express the en- 
tire flux of light, and is derived by 
multiplying the mean spherical candle- 
power, or intensity by 4 7. 
The process is equivalent to finding 
the surface of a sphere from the 
radius. 
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The Illuminating Engineering Society 


THE FIRST ANNUAL MEETING, HELD IN NEW YORK, JANUARY 14TH. 





CHA. TOIN SEIS ewR Pe 


PRESIDENT OF THE ILLUMINATING 
ENGINEERING SOCIETY. 


The first annual meeting of the Illumi- 
nating Engineering Society was held in the 
rooms: Of.the Electric Club, 14° Park Place: 

Before proceeding with the regular order 
of business a banquet was spread in the 
rooms of the Club, at which the general 
spirit of good fellowship and enthusiasm 
in the interests of the Society and its ob- 
jects which has characterized the move- 
ment from its inception, prevailed. 

In accordance with the broad, democratic 
lines upon which the association was 
formed, the banquet was wholly informal 
and of modest prententions, points which 
increased rather than lessened the enjoy- 
ment of those present. 

At the conclusion of the gastronomic 
preliminaries the meeting was called to or- 
der by President Marks, and the reports of 
the Secretary and Treasurer were duly 
presented and accepted. The Treasurer’s 
report closed with the following statement, 
which should prove gratifying to the mem- 
bers: “The Society has passed through its 
first year with all its expenses paid, has 
ecuipped offices in the new United Engin- 
eering Building, has paid all bills, and is 
still solvent.” 


The Assistant Secretary then read a 


letter of regret from Thos. A. Edison, 
stating that, on account of a severe cold 
he would not be able to be present, and 
requesting that his name be presented for 
membership. 

The next order of business was canvass- 
ing the votes for officers for the Society 
for the ensuing year. The report of the 
tellers showed the following candidates to 
have been elected: 

President, Clayton H. Sharp. 

Vice-President, Louis Bell. 

Managers, E. L. Elliott, and J. E. Wood- 


well. 

Secretary, V. R. Lansingh. 

Treasurer, A. H. Elliott. 

The vote on the adoption of a new con- 
stitution resulted in its adoption by 144 to 
23. (The constitution and by-laws as 
adopted will be found on pages 958 to 962.) 

While the tellers were canvassing the 
ballots for officers, President L. B. Marks 


presented a report, as follows: 


REPORT OF PRESIDENT MARKS 


At the request of the Council I have pre- 
pared a brief report of the work done since 
the date of organization of the Society 
just a year ago. 

In reviewing our progress, it may not 
be amiss to pause for a moment and con- 
sider the conditions that prevailed from 
an engineering standpoint in the science of 
illumination before the organization of this 
Society. I think it will be generally ad- 
mitted that while questions concerning the 
generation and distribution of electric cur- 
rent and of gas for lighting purposes re- 
ceived most careful attention, the problem 
of obtaining the best illuminating result 
from the electricity or gas produced was 
neglected. The wasteful methods that 
have prevailed in the distribution of il- 
lumination need no comment by me. The 
injury that has been wrought on our eye- 
sight by improper lighting layouts is a 
matter of common knowledge. 

The Society, in endeavoring to place 
the art on a new basis, has collected and 
placed on record much available inform- 
ation relating to this field of engineering. 
It has brought together to discuss these 
questions, electrical engineers, gas engin- 
eers, architects, designers of globes, reflec- 
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tors and fixtures, oculists, chemists, 
physicists, manufacturers of and dealers in 
lighting apparatus, appliances and material 
—in fact, representatives of almost every 
field of endeavor in which the question of 
illumination plays a part. By the co-oper- 
ation of these various interests a start has 
been made in the collection and publica- 
tion in the Tyransactions of invaluable 
papers, discussions and data which would 
otherwise be widely scattered and little ac- 
cessible, and advances in the art have been 
inaugurated that would otherwise be prac- 
tically impossible. 

The Society has published and spread 
broadcast papers and discussion on illumin- 
ation by electric light and by gas. Both 
indoor and outdoor illumination have been 
treated. We have heard the point of view 
of the architect and have considered the 
physiological side of the question. For the 
first time probably in history a meeting 
was held, at the instance of this Society, 
between oculists and illuminating engineers, 
for the purpose of discussing questions of 
artificial illumination. 


We have studied what type of lamp, what 
size of light unit, what location and char- 
acter of fixture and what kind of globe, 
shade or reflector, is best suited to meet 
the demands of individual conditions in 
lighting. 

We have noted that in the course of the 
year many old installations of gas and 
electric light fixtures have been modernized, 
and that in many of the new installations 
the design and the equipment has been 
vastly improved from an_ illuminating 
standpoint. Central stations are now giv- 
ing more attention to this subject than be- 
fore, and in some cases are employing 
specialists to take charge of this important 
end of their work. Even the architect, who 
for years has held out firmly against the 
engineering side of illumination, is gradu- 
ally succumbing to this wave of progress. 


Perhaps one of the most important 
points that has been dwelt upon by the 
Society in its papers and discussions is the 
urgent need of reducing the intrinsic 
brightness of light sources, and particularly 


of such sources as are necessarily within 


the ordinary field of vision. Happily we 
have tangible evidence of improvements in 
this regard made during the past year. 

The general acceptance of definite 
nomenclature and standards will be of im- 
mense service in furthering the systemati- 
zation of illuminating engineering. At the 
present time our terminology is at best 
crude, and very often we are unable to 
avail ourselves of the benefits of valuable 
work done by others, because the terms 
used in published reports of such work 
are open to misinterpretation. To secure 
uniformity, the co-operation of the mem- 
bers of the lighting fraternity, not only of 
this country, but of foreign countries, is 
necessary. Much has already been done by 
committees to bring about the 
ardization desired. 


stand- 


I have pleasure in announcing this even- 
ing the appointment of the following inter- 
national committee of the Society: 

Committee on Nomenclature and Stand- 
ards (Members of the Illuminating Engin- 
eering Society) 

Drs Alex +G. . Elumphreys, Chairman, 
Stevens Institute, Hoboken, N. J. 
Dr> Louis Bell, Boston; Mass: 
Prof. Blonde], Paris, France. 
Dr. Hans, Bunte, Technische 

schule, Carlsruhe, Germany. 

Mr. John W. Howell, Harrison, N. J. 

Dr. E. P. Hyde, Bureau of Standards, 
Washington, D. C. 

Dr. A. E. Kennelly, Harvard University, 
Cambridge, Mass. 

Prof. Vivian Bb. Lewes, 
College, Greenwich, Eng. 

Dr. Edward L. Nichols, Cornell Univer- 
Sitiy. EAC dees y= 

Dr. F. Schniewind, New York City. 

Dr. C. H. Sharp, New York, City. 

Mr. W. D. Weaver, New York City. 

Mr. J. E. Woodwell, Secretary, Wash- 
inzton, D.C: 

At the date of writing, the total member- 
ship of the Society is 815. Twenty appli- 
cations for membership have been received 
but have not yet been acted upon by the 


Hoch- 


Royal Naval 


Council. 
In the following table the membership 1s 
given for each month since the date of or- 
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ganization of the Society, on January 10, 
1900 : 


Month. Membership. Increase. 
PATA Pyro eaten 89 eee 
Rebriary cheer. 192 103 
IN ArOD Me cine cess Deyo: 80 
Jesh 8) aS te ee 386 114 
1 eS ere Peas F 478 92 
ALC peu meat: Serge 553 vhs 
{pel eaee nore meet ener S's E72 19 
PVUCUS tee a eae ee 581 9 
De premper. yee 581 fe) 
October awe es 618 73 
INOVetibeian eae 709 gI 
1) ecem bere koe 815 106 


It will be noted that the membership 
shows a healthy and a fairly uniform in- 
crease. During the summer months there 
was naturally a decided falling off. It is 
significant that the membership increased 
almost 50 per cent. during the last three 
months of the year. 


The distribution of membership is as 
follows: 


MEMBERSHIP. 


CalfOrmita ean cote aed ete eee 
COlOFAC On settee en ee ne 
Connecuicittwa ae: ace ene 
DistrictrorColumotatawesess oe 
Georgia, Cnet cul eas tre reee st nie ee 
AAG ig ee yarn i ace ot ls alates 
UlHiGis tse os, Aeettachite ee eee ey ee OO 
Ua ra bes h aks meee ay me Lacie Nn pe ona 
Lowa doe 2520472 Sea 
WOUISTINa ca eee ee eee 
WMESti Cie ears ws ce eee ee: 
Marylasids. <a. ¢ececch we eee 
NMeassachusetts-.ae) yale ee 8 
Michiga nc nay. a: ccc sens tae tw ane 
Minnesota.... 
NASSISSID PIL eines eee a eee 
MsSSOUirnis).). oe nea ae eee 
Nebraska cy) ae. see eee 
New Hanipsiite eae eee 
New [Crs ving: cc.s eee ee ee 
New MExXiICOs&. a0 a sone nae 
New-York. Jc 6. ee ee 25 
North: Carolina estas een eee 
OTiOr | Oe ae Oh eee ee 
OPE CON x os cree te eae 
Pennsylvania’ on a a5: eee 23 
Rhode Island hates ane ee 
Pennessee ok. Saye eee 
MeRas Sicha Oey vate een io ee 


BT Ee Ey apt 8 cps Se es ek eek oe 


HW BUNO 


syle tom le) wel lel (op (05-8) Oy Lei wen Kel elmralace 








WAT SIT AN ace sea arn ne 
Wrashsso bOnS 1c eo kinuteeane een 
WWESteV TSC1nia . eAcc cn ae Re en: 
WWiaSCONSED ucn scent co ek ee ee 


COHWHN NHPHWODPH NN NHNHW OH OOH DH HUD 
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FOREIGN MEMBERSHIP. 


JUSUTVA.. inks, Bo aes ae 
Canada secs ot Soto eee earn 


Peance “igs ee eee 





Deducting. exchange list of 27: ..--27 





Total membership to dates 7... 815 


SECTIONS. 


In order to distribute as equitably as 
possible the benefits and privileges of mem- 
bership in the Society, the Council author- 
ized the organization of sections in any 
city or locality in which the local mem- 
bership is fifty or more. 

A section was organized in Boston al- 
most immediately after the first regular 
meeting of the Society in New York. 
Then followed the organization of sections . 
in Chicago, Philadelphia and Pittsburg, res- 
pectively. Subsequently the membership in 
New York and vicinity was organized as a 
separate section, so that now we have five 
sections of the Society, all conducted on 
the same general plan and all receiving 
practically the same benefits of member- 
ship in the Society. Papers that are ac- 
cepted for. presentation before the Society 
are submitted to all of the sections for 
reading and discussion. The papers, to- 
gether with the discussion thereon at the 
various sections, are printed in the follow- 
ing number of the Tvrunsactions of the 
Society and distributed to the membership 
at large. 

In the early stages of our work the 
criticism was advanced that many were de- 
prived of much of the benefit to be derived 
from membership, for the reason that only 
such members as resided in New York 
City and locality could attend the meet- 
ings and participate in the discussions. 
This criticism was met, to a large degree, 
by the organization of the sections, as above 
outlined. There is still need, however, for 
the organization of a few more sections, 
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particularly in the West and South. <A 
glance at the distribution of membership of 
the Society will show that at present about 
75 per cent. of the members reside in the 
eastern part of the country. With the or- 
ganization of sections in the middle and 
far West, we may look for a large increase 
in the membership of the Society in that 
territory. 

While each section is an independent unit 
having its own by-laws, board of managers 
and committees for conducting the local 
work, the regulation of the conduct of the 
sections is intrusted to the general Council 
of the Society. And this must necessarily 
be so in a national organization such as 
ours. Co-operation between the different 
sections is absolutely essential for the wel- 
fare and for the life of the Society. It is 
the purpose of the federal organization to 
vouchsafe for the Society, through the 
medium of its general officers and Council, 
the full benefits which can be derived only 
by such co-operation. 

Each section may present such papers or 
communications as it sees fit before its 
members, but for the protection of the 
Society the Council exacts that no paper, 
discussion, communication or report shall 
be printed in the Transactions of the So- 
ciety unless approved by the General Com- 
mittee on Papers. It is, therefore, important 
that papers be submitted to the Committee 
as far in advance of their presentation as 
possible, in order to insure nearly simul- 
taneous presentation before the several sec- 
tions of the Society. 


It should be borne in mind that a paper 
that may be suitable for presentation be- 
fore a section may not be appropriate for 
the printed proceedings of the national or- 
ganization. Moreover, the extent of the 
publication in the Transactions is neces- 
sarily limited by the exchequer of the So- 
ciety. It goes without saying that the 
regulation of this matter must be left in 
the hands of the General Committee on 
Papers. 

In order to facilitate the timely issue of 
the Transactions, the corrected transcript 
of discussions at meetings of the sections 
should be forwarded to the General Secre- 
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tary as soon as possible after each meeting. 
One of the strong points in favor of this. 
Society is that the membership throughout 
the country is kept advised, month by month, 
of the latest developments in the art, and 
is informed by discussions, through the. 
medium of the Transactions, of the views. 
of representatives of the various interests 
that have to do with illumination. eis: 
therefore apparent that unless the sections 
co-operate to secure speedy publication of 
such discussions, the immediate value of 
the Transactions will be impaired. Under 
the plan of sectional organization the issue 
of the Transactions must necessarily be de- 
ferred until the reports of the local meet- 
ings are received by the General Com- 
mittee. In one case during the past year 
the transcript of the discussion that took 
place at the sectional meeting was not re- 
ceived by the General Committee until 
almost six weeks after the date of the 
meeting, and the issue of the Transactions 
was, therefore, correspondingly held up. 

Since the organization of the Society the 
New York Section has had nine meetings ; 
the New England Section, seven; the 
Chicago Section, four; and the Pittsburg 
Section, three. The total attendance at 
New York for the past year was about 
675, the minimum 40, the maximum 200, 
and the average about 75. No figures are 
at hand for the attendance at the other 
sections, but from reports received, the 
interest manifested in the meetings has been 
marked. 


NEW CONSTITUTION. 


With the changed conditions that have 
been brought about by the foundation of 
sections since the date of organization of 
the Society, the present Constitution is 
wholly inadequate for the proper govern- 
ment of the Society. When the present 
Constitution was drawn up we had a strict- 
ly local organization. Today we have a 
federal organization with local sections. 
The underlying idea of the new Constitu- 
tion is to keep the federal organization in- 
tact. To accomplish this purpose the Con- 
stitution provides for the general govern- 
ment of the sections and clearly defines 
the relation of the local sections of the 
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federal body. It provides for the election 
of one Vice-President of the national or- 
ganization for each section of the Society. 
The Vice-President will thus be a link be- 
tween the local organization and the Gen- 
eral Council of the Society, and, together 
with such Directors as may be elected 
from the locality of any Section, will rep- 
resent that Section in the General Council. 

Federal officers will be nominated by a 
Board of Nomination instead of by the 
membership at large, the Board of Nomin- 
ation to consist of two junior Past Presi- 
dents and of a specific number of past 
Vice-Presidents representing all of the sec- 
tions of the Society. The Constitution 
specifically provides that nominees for the 
office of Vice-President shall be so selected 
that, if such nominees are elected, each 
locality where there is a section of the 
Society may be represented in the Council 
by a Vice-President. 

I think it will be conceded that this meth- 
od of nomination will insure for the So- 
ciety the selection of such candidates as are 
best qualified to fill the offices for which 
they are nominated. The Board of Nomin- 
ation will necessarily consist of past ofh- 
cers of the Society, who are familiar with 
the requirements and who have every rea- 
son to act only in the best interests of the 
organization. 


TRANSACTIONS. 


During the year the Transactions have 
increased from a 40-page number to a 100- 
page number. Seven numbers have been 
issued containing nearly 400 pages of read- 
ing matter. 

From the report of the Finance Com- 
mittee, it will be seen that the expense of 
this publication has reached a point beyond 
which, with the annual dues of only $5, 
and present running expenses, we cannot 
well afford to go until the membership of 
the Society increases substantially. 

To meet a possible deficit, the Council 
decided to set aside a limited number of 
pages in the rear of the Transactions for 
the insertion of advertising matter. The 
solicitation of advertisements was placed 
in the hands of an advertising agent, who 
has no official connection with the Society. 


BADGE AND CERTIFICATE. 


The Society Badge, designed by Mr. 
Waldo S. Kellogg, member, has been much 
admired. The Treasurer reports that al- 


-most 100 of the badges have been disposed 


of. The Council has authorized the issu- 
ance of a certificate of membership, the 
design for which will be submitted shortly. 


NEW HEADQUARTERS. 


The Council has authorized the lease of 
an office in the Engineering Societies’ 
Building, New York City, for the general 
headquarters of the Society. This office 
will be opened within a few days, with 
Miss E. Westervelt, the Assistant Secre- 
tary ia charce. 


OBITUARY. 


It is my sad duty to report the death on 
November 21, 1906, of Mr. Alexander 
MacAndrew, who was a member of this 
Society. For the last six years he was . 
connected with the lamp works of the 
General Electric Company, at Harrison, 


Nene 
CONCLUSION. 


In conclusion, I wish to thank the off- 
cers and Council of the Society and of 
the Sections for the valuable assistance 
given to me in the work of the year. The 
manifold duties of the Society have in a 
large measure been intrusted to commit- 
tees, the membership of some of which 
has found no place in the publications of 
the Society. To the members of these — 
committees I would extend my _ thanks, 
and in particular fo Mr> W. DP Weaver, 
who, as chairman of three committees, 
has indeed borne a heavy burden. The 
work of the Treasurer has extended far 
beyond the financial side of his position 
and merits special recognition, as does 
likewise that of Dr. Sharp, the chairman 
of the committee on papers. I looked to 
Dr. Elliott and Mr. Brown of the Council 
for advice with regard to the gas interests, 
and take this opportunity of thanking 
them for their valuable assistance. 

On behalf of the Society, I desire to 
tender thanks to the New York Edison 
Company for the use of their auditorium 
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for a meeting room for the monthly meet- 
ings of the New York Section, and to the 
Consolidated Gas Company for the use of 
quarters in their building for the office of 
the Secretary. Our thanks are also due 
to the Electrical Club for their courtesy in 
placing their rooms at our disposal for the 
dinner and meeting of this evening. 

To the technical press we are indebted 
for valuable co-operation and for the wide 
publicity given to our proceedings. 

The new administration which is to be 
inaugurated this evening will have upon its 
shoulders a task by no means light. The 
past year has witnessed only the beginning 
of the movement to give to illuminating 
engineering a recognized status. The real 
work of placing the art of illuminating on 
a new basis and systematizing the practice 
of illuminating engineering is yet to be 
done and will require years to accomplish. 
To bring about the desired results, cordial 
co-operation between the Sections of this 
Society is a prerequisite. With the close 
relation between the General Council of 
the Society and governing body of the 
local sections, as contemplated by the new 
Constitution, nothing should stand in the 
way of such co-operation. 


President’s 
hearty 


At the conclusion of the 
report, which was greeted with 
-applause, Mr. A. A. Pope said: 

Gentlemen.—I imagine that the President 
is a little delicate about calling for a dis- 
cussion of his report, so I will assume 
that duty. The paper is now open for 
discussion. 

Mr. Lansingh said: “The only remark I 
would like to make on the paper is, that I 
have been a member of the Council, have 
been at most of the meetings. and thought 
I knew what was going on, but the Presi- 
dent’s report is an eye-opener to me. I 
think the Society owes a most hearty vote 
of thanks for the wonderful work he has 
done. Those members of the Council w%o 
have been with him in the work appreciate 
‘perhaps more than anybody else the tre- 
mendous amount of work he has accom- 
plished and the time he has spent in the 
interest of the Society. I should like to 
move a vote of thanks to the President 
for what he has done.” 
~The motion was seconded and unani- 
“mously carried. 

Mr. Pope: “I see some of our friends 
from Philadelphia are with us tonight. 
Have you any remarks that you would 
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like to make, or any suggestions for the 
benefit of the incoming President and fel- 
low members of the Society?” 

Mr. P. H. Barnard replied that in Phila- 
delphia they naturally felt gratified by the 
result of the year’s work, and that the hard 
work of the President and members of the 
Committee had made the Society a possi- 
bility. They had felt the need of such an 
organization in Philadelphia for a number 
of years, and held monthly meetings of an 
organization which, while it was not an il- 
luminating engineering society by any 
means, was really started with that idea in 
view, in some measure, namely, of educat- 
ing the solicitors of their company upon the 
subject of lighting. The organization of 
the society is of course a great assistance 
in that matter. 

President Marks spoke of the necessity 
of having a section further west than Chi- 
cago, and Mr. Lansingh said he was very 
glad to state that during the coming year 
he thought a section would be formed in 
San Francisco. He had been in corres- 
pondence with different engineers there, 
and they thought that during the coming 
year they could organize a section. The 
fire had so wiped things out that at present 
they were unable to do it, although they 
are ripe for it as soon as they can get 
things organized. 

Replying to an inquiry by Mr. E. Y. 
Porter in regard to the arrangements in 
the New United Engineering Societies 
Building, President Marks said that he be- 
lieved that the lease of the office contem- 
plates the use of the meeting hall for 
general meetings, and also the use of the 
general council, hall if necessary. ~The 
office that the Society had rented was 
rather small, but was within the means 
of the Society, and it seemed to the mem- 
bers of the Council that it would be unwise 
to incur greater expense until the mem- 
bership increased. 

In response to calls from the members, 
the newly-elected President, Dr. Sharp, re- 
plied as follows: “I want to say that I ap- 
preciate very greatly the honor which you 
have done me in electing me as your sec- 
ond President; but I can’t say that I 
thank you for it (laughter), because I 
realize that it involves a very gread deal 
of responsibility, which I very candidly 
say I do not feel myself fitted to bear. 
However, you have elected me, and [ in- 
tend to do all that I can for the credit and 
for the welfare of the Society. 

“T think this, that the coming year will 
be a critical one. We have had a surpris- 
ing degree of sttccess in the first year of 
our existence, a most remarkable degree ot 
success. Now, if the ardor and enthusiasm 
which have been manifested during the 
year that has passed can be sustained dur- 
ing the year that is to come, the success of 
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the Society for many years will be assured; 
but if under the new order of things, after 
the new constitution which has just been 
adopted, and which represents in many re- 
spects a very radical change in the meth- 
ods- of conducting a national society, goes 
into effect—if we can make this new instru- 
ment operative, and if we can get the prop- 
er coOperation between the various local 
sections of the Society, it will make a per- 
manent success; otherwise it will lapse, 
which will be most unfortunate. 

“There is no doubt that we are working 
on a very live subject, and that the field 
that lies before us is a very large and im- 
portant one. It would be a great pity if 
this Society, having had the splendid start 
which it has had, should not continue to 
flourish and to increase in membership and 
in influence; and this is largely a matter of 
our all pulling together and trying to make 
a success. Under the new constitution, as 
you will see, it is very largely a question 
of the handling of the local sections. It is 
not a question of what New York does, or 
Philadelphia does, or Pittsburg does, alone; 
it is a question of what all do, and how 
earnestly each section strives to make its 
own work successful and useful, not only 
to itself but to the Society at large; and if 
the sections will realize the responsibility 
and privileges in this matter, and will 
strive without animosities or jealousies 
(for which there is no place in an organi- 
zation of this kind) to make their own 
work of as high a standard as possible, 
and to do as much as they can for the wel- 
fare of the Society at large, I am ‘sure 
that our efforts will be crowned with suc- 
cess. 

“T feel more encouraged to take this 
office from the fact that the arduous duties 
and great responsibilities which my prede- 
cessor has so successfully coped with, will 
not be mine. The office of President will 
be to a very considerable extent an orna- 
mental office, and I trust I shall be able to 
develop its esthetic properties (laughter) 
in the fullest degree. Being an ornamental 
office and not so vital to the welfare of the 
Society, as I say, I feel more encouraged 
to saccept and, to-do what) I ican inetie 
matter; but I must ask and plead for the 
very earnest coOperation not only of the 
officers of the Society but of the individual 
members. It is necessary that the enthusi- 
asm be sustained, the spirit of work be kept 
up; that the attendance upon meetings of 
the Society shall be kept large; that the 
members shall feel that there lies upon 
them an individual responsibility to come 
to the meetings and to try to make them 
successful, to contribute their quota to the 
success of the organization; and if that 
is done I am sure that we shall have a 
useful and successful year. 


“So, gentlemen, I thank you for the 


honor which you have done me, which I 
esteem very highly indeed, and ask you to 
help the administration all you can indi- 
vidually and collectively to carry the work 
on during the year that is to come. . 

“The hour is growing late. Ihave a 
couple of announcements to make, and the 
meeting will then adjourn. 


NEW. ‘CONSTTLTU TION VOr ae bi: 
ILLUMINATING ENGINEERING 
SOC TEAR. 


ARTICLE I: 


1. The name of this Association shall be 
the Illuminating Engineering Society. 

2. Its objects shall be the advancement 
of the theory and practise of illuminating 
engineering and the dissemination of 
knowledge relating thereto. Among the 
means to this end shall be meetings for 
the presentation and discussion of appro- 
priate papers; the publication as may seem 
expedient of such papers, of discussions 
and communications; and through com- 
mittees, the study of subjects relating to 
the science and art of illumination, and the 
publication of reports thereon. 


ARTICLE II. MEMBERSHIP. 


1. The members of this Society shall be 
designated as members and honorary mem- 
bers. 

2. A member may be any one interested 
in the objects of the Society. At the time 
of his election he shall not be less than 
twenty-one years of age. 

3. Honorary members may be : chosen 
from among those who are of acknow- 
ledged eminence in some branch of science 
related to illuminating engineering. Hono- 
rary members shall be entitled to all the 
privileges of the Society except the right 
to vote and to hold office therein. 


ADMISSION AND EXPULSION OF 
MEMBERS. 

t. Honorary members shall be proposed 
in writing by at least fifteen members, and 
shall be elected only by the unanimous 
vote of the Council. Voting shall be by 
letter-ballot. A person elected an hono- 
rary member shall be promptly notified by 
letter, and the election shall be canceled 
if an acceptance is not received within six 
months after the mailing of such notice. 

2. An application for admission to the 
Society shall be made in a form prescribed 
by the Council, and shall refer to at least 
two members of the Society; or if an appli- 
cant certifies that he is not personally 
known to two members, references may be 
accepted to members of professional so- 
cieties of good standing, or to other 
persons whose good standing may be read- 
ily verified. 

3. All applications for 


ARTICEE TIT: 


admission to 
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membership shall be passed upon by a 
Board of Examiners of the section of the 
Society representing the locality in which 
the applicant resides. All applications 
favorably considered shall be reported to 
the Céuncil for final action. An applicant 
not residing within the territory of a local 
section shall submit his application direct 
to the Council. 

4. Lists of all new applicants for admis- 
sion shall be printed in the Transactions, 
together with the references of each appli- 
cant, and with the request that members 
transmit to the Council any information 
in their possession which may affect the 
disposition of the application. The Coun- 
cil shall not act upon any name until at 
least twenty days after the date of mailing 
of said list. 

5. A member may resign from the So- 
ciety by a written communication to the 
Secretary, which resignation shall be ac- 
cepted by the Council if all his dues and 
other indebtedness have been paid, and the 
Society badge has been returned. 

6. Upon the written request of ten or 
more members that for cause definitely 
stated in detail, a member of the Society be 
expelled, the Board of Managers of the 
section of the locality wherein the accused 
resides shall consider the matter, and if 
there appears to be sufficient cause shall 
advise the accused of the charges against 
him. The accused may then present a 
written defense and appear in person be- 
fore a meeting of the Board. The finding 
of the Board shall then be submitted to 
the Council of the Society which, within 
two months, shall finally consider the case, 
and if a satisfactory defense has not been 
made the accused member shall be ex- 
pelled upon a two-thirds vote of Council. 
In the case of one not a member of a sec- 
tion, charges shall be preferred directly to 
the Council. 


ARTICLE IV. DUES. 

1. An entrance fee, payable on admission 
to the Society, may be fixed by the Council. 

2. The annual dues shall be $5, which 
shall include subscription to the Transac- 
tions of the Society. 

3. Honorary members shall be exempt 
from all payments. 

4. A member elected after six months 
of the fiscal year have expired shall pay 
one-half of the amount of dues for that 
year; provided, that if he requests and re- 
ceives a set of Transactions covering the 
entire year, then the full annual dues shall 
be paid. 

s. A member who has been dropped as 
delinquent may be reinstated by the Coun- 
cil and retain his original date of election 
upon payment of all back dues, being then 
entitled to a complete file of the publica- 


tions of the Society, if in stock, corres- 
ponding to the period of delinquency. 


ARTICLE V. OFFICERS. 


1. The officers of the Society shall be a 
President; Vice-Presidents equal in num- 
ber to the number of organized sections; 
nine Directors, a Secretary and a Treas- 
urer. 

2. The President, the Secretary and the 
Treasurer shall hold office for one year; 
the Vice-Presidents shall hold office for 
two years, and the Directors for three 
years. Terms of office shall commence the 
second Friday of January. A_ retiring 
President, Vice-President or Director 
shall not be eligible for immediate re-elec- 
tion to the same office, and a retiring Vice- 
President shall not be eligible for immedi- 
ate election as Director. At each annual 
meeting officers shall be elected to succeed 
those retiring by expiration of term. 

3. A vacancy in the office of President 
shall be filled by the senior Vice-President ; 
a vacancy in the office of Vice-President 
shall be filled by the senior Director; a 
vacancy in the office of Director shall be 
filled by the Council, preferably by selec- 
tion from members, if any, who at the pre- 
vious annual election received votes. for 
the office of Director.. A vacancy in the 
office of Secretary or Treasurer shall be 
filled by the Council. Such succession to 
office or appointment by the Council shall 
not render an officer ineligible for immedi- 
ate election to the same office. Seniority 
between officers of the same rank and date 
of election shall be: determined by the date 
of their election as members. 

4. No officer shall receive, directly or 
indirectly, any salary, compensation OF 
emolument from the Society, either as such 
officer or in any other capacity, unless 
authorized by a vote of the majority of 
the entire Council. No officer shall be in- 
terested, directly or indirectly, in any con- 
tract relating to the operations conducted 
by the Society, nor in any contract for fur- 
nishing supplies thereto, unless by the 
unanimous vote of the Council. 


ARTICLE VI. ELECTION OF OFFICERS. 


1. Each year not later than November I 
4 Board of Nomination, consisting of the 
two junior Past-Presidents and of the 
Past-Vice-Presidents whose terms of office 
expired in January of the two preceding 
years, shall prepare a nomination ticket 
containing the names of those whom they 
deem best suited for the offices to be filled 
at the ensuing annual election. Nominees 
for the office of Vice-President shall be so 
selected that, if such nominees are elected, 
each locality where there is a section of 


the Society may be represented ini. tire 
Council by a Vice-President. 
2. The ticket thus prepared shall be 
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printed and forwarded to members not later 
than December 5, together with a printed 
Roll of Members of the Society, an un- 
marked inner envelope, and an outer official 
voting envelope bearing the name and ad- 
dress of the Society and the words, “Off- 
cial Voting Envelope—Enclosing a Ballot 
Only.” The member voting shall enclose 
his ballot in the unmarked envelope, which 
shall, in turn, be enclosed in the outer en- 
velope, which latter shall be endorsed with 
the name of the sender. Ballots to be 
counted must reach the Secretary not later 
than December 26. 

3. A member may vote the official ballot 
above provided for; or he may erase any 
names thereon and substitute others; or he 
may substitute a written ballot containing 
names of his own selection. 

4. The President at a Council meeting in 
December shall appoint, subject to the ap- 
proval of the Council, five members not 
members of the Council, to constitute a 
Committee of Tellers. This Committee 
shall meet between December 26 and De- 
cember 30, and shall receive unopened all 
ballots from the Secretary and shall forth- 
with proceed in secret to count the vote. 
It shall then prepare in duplicate and sign 
a report of the results of the vote, which 
shall be sealed, and one copy delivered to 
the Secretary and the other handed by the 
chairman of the Committee, at the ensuing 
annual meeting, to the presiding officer, 
who shall at the opening session of the 
meeting break the seal and announce the 
names of the officers elected. 


ARTICLE VII. MANAGEMENT. 


1, The affairs of the Society shall ibe 
managed by a Council under this Constitu- 
tion and under the By-Laws adopted for 
the execution thereof. The Council shall 
direct the business of the Society either 
itself or through its officers and committees. 

2. The Council shall consist of the officers 
of the Society and of the two junior Past- 
Presidents. 

3. The Council may delegate any or all 
of its powers to an Executive Committee of 
five members, consisting of the President, 
the Secretary and the Treasurer, ex-officio, 
and two other members of the Council, 
which Committee shall conduct the affairs 
of the Council between its meetings. 

4. The President shall have general 
supervision of the affairs of the Society 
under the direction of the Council. He 
shall preside at the meetings of the Council 
at which he may be present and shall be 
ex-officio member of all committees. He 
shall deliver an address at the annual Con- 
vention of the Society. 

s. Vice-Presidents or Directors, in order 
of seniority, shall preside at meetings of 
the Council in the absence of the President. 

6. The Treasurer shall be the custodian 


of all moneys. He shall make an annual 
report, which shall be audited, and such 
other reports as may be prescribed. ‘The 
Treasurer and the Secretary, with the ad- 
vice and consent of the Committee on Fi- 
nance, shall invest such funds as nay be 
ordered by the Council. They shall pay all 
bills when audited by the Committee on 
Finance and approved by the Council. 

7. The Secretary shall be, under the di- 
rection of the President and the Council, 
the executive officer of the Society. He 
shall prepare the business for the Council 
and record the proceedings thereof. He 
shall collect all moneys due to the Society, 
and deposit the same subject to the order 
of the Treasurer. He shall personally cer- 
tifv the accuracy of bills or vouchers upon 
which money is to be paid, and shall draw 
and countersign all checks, which shall be 
signed by the Treasurer when such drafts 
are known by him to be proper, are duly 


_authorized by the Committee on Finance 


and in accordance with the necessary 
vouchers transmitted by the Secretary with 
the draft. He shall have charge of the 
books and accounts of the Society, and 
shall furnish monthly to the Council a 
statement of receipts and expenditures and 
monthly balances. He shall present an- 
nually a report to the Council for publica- 
tion in the Transactions, and from time 
to time shall furnish such statements as 
may be required. He shall conduct the 
correspondence of the Society and keep full 
records and perform such other duties as 
may be assigned to him. The Council may 
appoint assistants to the Secretary; one of 
these may hold the title of Assistant Secre- 
tary, and shall be under the immediate 
direction of the Secretary and aid him in 
all matters. 

8. The President shall, at the first meet- 
ing of the Council after his election, ap- 
point, subject to the approval of the Coun- 
cil, the following standing committees: A 
Committee on Finance, of three members; 
a Committee on Papers, of five members; 
a Committee on Editing and Publication, 
of three members. He may also appoint 
temporary committees from time to time. 
Two of the three members of the Finance 
Committee shall be members of the Coun- 
cil, and the other standing committees 
shall include at least one member of the 
Council. 

g. All committees shall be directly res- 
ponsible to the Council, and shall act under 
its > direction, ~The Councilmay,-ateany, 
time, at its own discretion, remove any or 
alt members of a committee, and thereupon 
the President shall forthwith appoint oth- 
ers, as hereinbefore provided; in the fail- 
ure of the President duly to appoint such 
committee, the Council may make the ap- 
pointment. The terms of the members of 
all standing and temporary committees 
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shall terminate on the second Friday of 
January of each year, when the incoming 
President shall reconstitute the member- 
ship of all standing committees and of 
such temporary committees as may have 
further duties to perform. 

10. The Committee on Finance shall 
have direct supervision of the financial 
affairs of the Society, and shall present to 
the Council an annual report on its finan- 
cial condition. It shall approve all bills 
before payment, and shall make recommen- 
dations to the Council as to the investment 
of moneys and upon all specific appropri- 
ations. No payment other than routine 
office expenses shall be made by the Secre- 
tary or Treasurer, except upon the authori- 
zation of the Committee on Finance. 

11. The Committee on Papers shall have 
general supervision of all papers to be pre- 
sented before the Society, and shall have 
the duty of preparing the programmes of 
general meetings of the Society and pro- 
curing papers for presentation before such 
meetings. No paper, discussion, communi- 
cation or report shall be printed in the 
Transactions of the Society or elsewhere 
until approved by the Committee. 

12. The Committee on Editing and Publi- 
cation shall edit all discussions of papers 
presented before the Society or any sec- 
tion thereof, and shall decide all questions 
of detail regarding the publication of 
papers, discussions and communications. 
The Transactions and other publications of 
the Society shall be in direct charge of 
this Committee. 

13. Five members shall constitute a 
quorum of the Council. The “Vote of the 
Council” shall be a vote of the majority of 
the members present and forming a quor- 
um, except where a letter-ballot is pre- 
scribed, when the “Vote of the Council” 
shall be a vote of a majority of the entire 
membership of the Council. 


ARTICLE VIII. MEETINGS. 


1. The annual meeting of the Society 
shall be held at general headquarters the 
second Friday of January, when a report 
ot the proceedings of the Society for the 
past fiscal year shall be presented by the 
Council, which report shall be verified by 
a majority of the Council, including the 
President, Treasurer and Secretary. 

2. An annual convention of the Society 
shall be held on a date and at a place fixed 
by the Council, for the presentation and 
discussion of professional papers and sub- 
jects. The President shall deliver a presi- 
dential address at this meeting. | 

3. Other meetings of the Society as a 
body may be held at such time and place 
as the Council shall direct, at which no 
business affecting the organization or policy 
of the Society shall be transacted. Notice 
ef all such meetings shall be sent by mail 


or otherwise to all members at least ten 
days in advance of a meeting. 


ARTICLE IX. SECTIONS. 


_ I. Sections of the Society may be author- 
ized in any State or locality where the 
membership exceeds 50. 

2. Each section shall nominate and elect 
a Chairman, two Managers and a Secre- 
tary. 

3. The officers of sections shall be elected 
annually at a meeting held in January, the 
term of office to be one year. 

4. The business of a section shall be con- 
ducted by a Board of Managers, which 
shall consist of the Vice-President of the 
Society representing the locality of the 
section, and the Chairman, Managers and 
Secretary of the section. 

5. A section may formulate By-Laws for 
its conduct, which shall conform with the 
Constitution and By-Laws of the Society, 
and with its policy as fixed by the Council. 
Upon approval by the Council, proposed 
By-Laws may be adopted by a two-thirds 
vote at a regular or special meeting of the 
section, notification of such meeting, to- 
gether with a copy of the proposed By- 
Laws, shall be sent to all members of the 
section at least ten days prior to the date 
fixed for its holding. 

6. The expenses of sections incurred for 
postal card notices of meetings and steno- 
graphic reports of discussions shall be paid 
from the general fund of the Society. In 
cases where there is no desirable audi- 
toritum available free of charge, the Coun- 
cil shall authorize the rental of a hall, the 
expense to be payable from the general 
fund of the Society. Other expenses than 
these to be payable from the general fund 
of the Society must first be authorized by 
the Council of the Society. 

7 A Section Board of Managers may 
authorize, and shall provide for the pay- 
ment of by local assessment, any expenses 
of a section beyond those authorized to be 
paid from the general fund of the Society. 

8. Any proposed action of a section not 
relating to the holding of meetings and the 
discussion of papers shall be submitted to 
the Council of the Society for approval 
prior to being put into execution. 

9. Papers shall be approved by the Sec- 
tion Board of Managers prior to presen- 
tation before a section. Manuscript of pa- 
pers approved should be forwarded to the 
Committee on Papers sufficiently in advance 
of date of presentation to enable advance 
copies, if a paper be approved by that Com- 
mittee for general presentation, to be print- 
ed and sent to all sections for distribution 
prior to presentation before the sections. 

10. The Section Board of Managers 
shall annually, at the first meeting of the 
Society year, appoint a Board of Examiners 
to pass upon applications for membership. 
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11. The Secretary of each section shall 
distribute the stenographic reports of dis- 
cussions to members of the section for re- 
vision and forward the corrected reports 
to the General Secretary of the Society. 

12. Should the membership of a section 
fall below 50, or the average attendance at 
meetings not warrant the expense of main- 
taining the organization, the Council may 
cancel its authorization. 

13. Sections shall abide by the Constitu- 
tion and By-Laws of the Society and con- 
form to the regulations of the Council. 
The conduct of sections shall always be in 
conformity with the general policy of the 
Society as fixed by the Council. 


ARTICLE X. GENERAL. 


1. The fiscal year of the Society shall 
be the calendar year. 

2. A quorum of the Society shall consist 
in number of one-tenth of the total num- 
ber of members, as printed in the Roll of 
Members last issued. Every member en- 
titled to vote at any meeting may do so by 
proxy; provided, that there shall be no vot- 
ing by proxy in the election of officers. 

3. After the first election of the Society 
under this Constitution, the term of one- 
half of the Vice-Presidents elected shall be 
one year and of one-half two years, the 
selection to be by lot; should the number 
of Vice-Presidents be an uneven number, 
the major number in the nearest equal di- 
vision shall have a term of office of two 
years. Similarly, the term oi three Dire¢- 
tors shall be one year and of three Direc- 
tors two years, the selection to be by lot. 

4. Officers incumbent at the date of adop- 
tion of the Constitution shall retain office, 
the managers under the Constitution super- 
seded to be known as Directors. Immedi- 
ately upon the adoption of the Constitution, 
the Councrl “shall call ae meetings ot «the 
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Board of Nomination, and provide for a 
speedy election under the general require- 
ments of Article VI., of the additional off- 
cers under this Constitution, waiving the 
dates therein prescribed. 

5. A Board of Nomination to prepare the 
nomination ticket for the additional officers 
provided for in this Constitution shall con- 
sist of the Past President, the senior off- 
cer of each section of the Society and four 
members of the Council to be named by 
that body. 

6. At their next meeting after the adop- 
tion of this Constitution, the sections of the 
Society shall elect the officers provided for 
in Article IX., Section 2. 


ARTICLE XI. AMENDMENTS AND BY-LAWS. 


1. Proposals to amend this Constitution 
shall be made in writing to the Council and 
signed by at least 25 members, and shall 
reach the Secretary not later than Novem- 
ber 1. The Council shall consider such 
proposals and direct the Secretary to send’ 
out a letter-ballot on their adoption. Votes 
to be considered shall be received not later 
than December 26, and shall be referred 
unopened to the Committee of Tellers, who 
shall count such votes and make a sealed 
report, which shall be presented at the an- 
nual meeting. An affirmative vote of two- 
thirds of the entire vote cast by qualified 
members of the Society shall be necessary 
to secure the adoption of an amendment. 
An amendment shall take effect twenty days 
after its adoption. 

2. By-Laws in interpretation of the 
spirit and letter of this Constitution and 
for its execution may be adopted by a 
majority vote of the entire Council. Votes 
on By-Laws shall be by letter-ballot. Each 
By-Law proposed or. adopted shall state 
the Article and Section of Article of the 
Constitution to which it relates. 
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Papers Read Before Technical Societies 


LIGHTING OF RAILWAY PREMISES 
INDOOR AND OUTDOOR 


By Henry Fow ter, or DeErsy. 


Read before the INSTITUTION oF MeE- 
CHANICAL ENGINEERS. (Slightly abridged.) 


Although from the title the above sub- 
ject may only appear to appeal to a small 
class of members, yet it will, on consider- 
ation, be seen that on a railway, with its 
various buildings, stations, yards, shops, 
etc., nearly all conditions occur which are 
likely to be met with by engineers. The 
author has, during the last ten wears, been 
employed on work of this description on 
two English railways, and believes that, 
with the exception of a few isolated cases, 
more attention is paid to this matter in this 
country than on the Continent, whilst the 
company he has now the honor to be em- 
ployed by may, he believes, claim tobe 
amongst the best lighted in the British 
Isles. The examples given in this paper 
are naturally taken from the line on which 
the author is employed and has charge of 
lighting by gas and oil. As it is in the ma- 
jority of cases impossible to give actual 
costs which would be of general use, he 
will endeavor, where feasible, to give fig- 
ures of quantity only, leaving anyone in- 
terested to put in prices to suit their par- 
tacular cases. 

The lighting on a railway is chiefly pro- 
vided by means of oil, gas, or electricity, 
the choice of the agent used depending up- 
on its availability and other circumstances. 
It may be generally assumed, however, that 
oil in ordinary lamps is only used at unim- 
portant points, and where no other means 
are available. Some few years ago, how- 
ever, a system of vaporizing ordinary pe- 
troleum under pressure and burning the 
resulting gas in a Bunsen burner was de- 
vised, and by this means a very powerful 
light is available at points where previously 
the lighting was a matter of difficulty, 
owing to their not being near a gas supply 
and not large enough to warrant the erec- 
tion of an electric generating station. More 
recently there have been a number of more 
or less satisfactory petrol lamps devised, 
in which the liquid is vaporized by the 
burner itself. 

Gas is probably the most general illumin- 
ant, and has been able to maintain its posi- 
tion in the majority of places, owing to 
the introduction of incandescent mantles 
by Auer von Welsbach. Recently several 
systems have been introduced of compress- 
ing the gas, to allow of a better mixture of 
gas and air being obtained, and a larger 


unit of light being where necessary avail- 
able. 

Electricity was first chiefly used in arc 
lamps, and has proved very satisfactory 
where a large area has had to be illumin- 
ated. But recently, on railways as else- 
where, the need of a cheaper and smaller 
light has been felt, and this will doubtless 
be shortly supplied by some of the various 
types of lamps (Nernst, Mercury-Vapor, 
etc.) at present being perfected. 


Illumination.—Although it may seem a 
truism, it is nevertheless a point frequently 
overlooked that illumination of an object is 
the ultimate goal of all classes of lights. 
This not only depends upon the power of 
the light itself, but on the reflector, the 
color and character of the surrounding 
substances, and the position of the object 
to be illuminated in relation to the light 
itself. Under most ordinary circumstances, 
the objects to be illuminated lie either on a 
horizontal or a vertical plane. On a rail- 
way proper, the station platforms are of 
the former type, and the station walls, and 
wagon sides and ends of the latter. 

The author has, for several years worked 
with a photometer which measures the 
total illumination on a horizontal plane 
with actual examples of lighting, and it is 
with the results of this work that he pro- 
poses to deal. The instrument is a de- 
velopment of the one devised by Messrs. 
Preece and Trotter and improved by Mr. 
AL GE ee irotter, The-apparatus, -hiee a, ~ 
consists of a cylindrical metal box, with 
removable ends, which is divided by metal 
screens BB into three portions. In one 
the standard light C is placed, and this 
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consists of a small amylacetate lamp, the 
wick and burner tube of which: can be 
raised in a tube so that the height of the 
flame may be kept constant; the proper po- 
sition is indicated by a pointer. A small 
mirror D outside the cap of the box allows 
of observations of the height being taken 
without removing the cap. In the other 
portion of the box there is a small pivoted 
screen E, upon which the light from C is 
allowed to fall through a hole in the screen 
B. On E is fastened a piece of white 
Bristol board. Directly above E is a cir- 
cular disc F (also of Bristol board) fitted 
into the top of the box, and in the centre 
of this disc is a long narrow slot lying at 
right angles to the axis of the cylindrical 
body. In working the instrument the disc 
F is placed in the plane at the point at 
which the illumination is required, and the 
screen E viewed through the slot. The 
amount of light falling on E will be de- 
pendent upon the angle at which it lies rela- 
tive to the light, and it is therefore moved 
until the illumination on the screen, as 
viewed through the slot, balances that on 
the disc. The amount of illumination in 
foot-candles is then read off, by the position 
of a pointer attached to a pivot of the 
screen, on a scale, the latter having pre- 
viously been calculated by means of lights 
of known intensity. When measuring 
lights of a color different from the reddish 
tinge of the amylacetate flame, it is neces- 
sary to vibrate the screen slightly between 
the points where the light through the slot 
appears lighter and darker than the disc. 
A mean of the maximum and minimum 
readings will give the correct reading. In 
all cases some experience with the photom- 
eter is necessary before correct results 
may be expected, but with practise the in- 
strument seems to give reliable results. 
The author is perfectly well aware that 
ovjection may be raised on the ground that 
this instrument is not an absolutely correct 
one, but it is the only one of its kind on the 
market, and he has found that in the same 
hands it gives comparable results. 
Horizontal and Vertical Illumination.— 
The question of whether in estimating the 
lighting required the horizontal or the 
vertical illumination is to be considered is 
dependent upon circumstances, and upon 
the decision arrived at depends the height 
at which the lamps should be fixed. A 
man on a street or railway platform in- 
stinctively holds any article he is carrying, 
and which he wishes to read, in the position 
in which it is best illuminated, which is at 
right-angles to a line drawn from the point 
of illumination to the article. With rail- 
way lighting both planes have to be con- 
sidered, for even in a station the lighting 
of the walls of the building, as well as the 
surface of the platform, has to be taken 
‘ato account. At jiumctions or points in sid- 


ings, the vertical illumination is by far the 
most important, as it allows the positions 
of wagons to be seen and the labels on the 
sides read. As a general rule, however, 
the author has found that where the hori- 
zontal illumination is properly provided for, 
the vertical will be found to be satisfactory, 
and in all the curves which follow, the 

mer is the illumination which has been 
measured. 


PASSENGER-STATION LIGHTING. 


Arrangements of Lights—The space to 
be lighted in a station consists mainly of 
the platforms, and this necessitates the 
lights being placed in long lines down these 
platforms. The best position for these is 
nearly in the centre of the space to be 
lighted. Where there is a wall or building 
on one side, and the platform edge on the 
other, they should be slightly nearer the 
former, as the lamps are usually employed, 
in addition to their use for lighting pur- 
poses, as a means ef denoting the name of 
the station. On open platforms, columns, 
etc., form obstructions, and are therefore 
placed so as to leave as great a space as 
necessary between them and the platform 
edge. It is absolutely essential that the 
edge of the platform itself should be well 
defined. 


Restriction of Position.—In many cases 
the positions of the lamps are to some ex- 
tent determined by the positions of build- 
ings, passages, etc., which have to be light- 
ed, and by the roof which may allow of 
lights only being fixed at multiples of cer- 
tain distances apart. 


Height—tThis is a most important point, 
not only in station lighting, but in all 
other, as upon it depends the general char- 
acter of the horizontal illumination. The 
ideal arrangement is to. have a light of 
great intensity fixed at great height, when 
the illumination will be as even as possible. 
This of course is impracticable and would 
lead to much loss of light, as only a small 
portion of the spherical intensity would be 
utilized. In actual practise the distance the 
lights are apart has to be taken into ac- 
cotint, and although Mr. Trotter has 
spoken in favor of the ratio of height to 
distance being as I to 3, yet in ordinary 
railway work the ratio for station light- 
ing is usually not less than 1 to 5 or 1 to 
6, and still the effect is good. The spheri- 
cal intensity of a light has of course to be 
taken into account, and the curves of angu- 
lar candle-power. 

An electric arc should, if patchiness is to 
be avoided, be placed fairly high. Above 
all things, in lighting any ‘space effectively, 
the fault of patchiness should be avoided. 
Nothing is more displeasing than to have 
violent contrasts of illumination ‘close to- 
gether, and often a portion of a space looks 
badly lighted, simply owing to its being 
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compared with a much more brilliant patch 
near it. All variations of illumination 
should be as gradual as possible, and this 
is one of the chief reasons for surround- 
ing arc lamps with opaaue globes, which, 
although they retard a portion of the light, 
allow a better general effect by distributing 
the light more evenly. On a railway sta- 
tion the lowness of the roof often prevents 
the lights being placed at the desired 
height, and in these cases the only satisfac- 
tory method is to use a number of small 
units close together so that contrasts in 
illumination may not be too marked. 
Effect of Train Lighting—In many small 
stations the effect of the light given by the 
train must not be forgotten. The passen- 
gers are so few that they can often be ac- 
commodated in the waiting-rooms, and 
only use the platform when the train is 
in, and when the carriage lamps give a 
good light on to the platform itself. In these 
cases all that is necessary is to provide 
sufficient light to prevent accidents. 


Types of Stations ——Undoubtedly the best 
type of station to light satisfactorily is one 
with a large span roof, the sides of the 
buildings being of light-colored glazed 
bricks. Various considerations often pre- 
vent these being built, and then the pre- 
cautions already mentioned should be taken 
in order to ensure satisfactory lighting. 


OIL LIGHTING. 


Its Inefficiency.—It is scarcely necessary 
to say that lighting by oil is only employed 
at small stations where no other form of 
illumination is available. It requires more 
attention than any other-.type, but at a 
small station this is not usually a matter of 
importance. In some exposed situations it 
is a matter of impossibility to light the 
lamps in position during very rough 
weather, and in such instances special inner 
lamp-cases have to be provided, by which 
means the lamps can be lighted indoors 
and the whole carried to and placed in the 
ordinary lamp-case. The advantages of oil 
lighting are its simplicity, and the low cost 
per burner-hour for a light which, in many 
cases, is sufficient for the use to which it 
is put. 

Many attempts have been made to use 
ordinary petroleum directly with incandes- 
cent mantles, but only with partial success, 
as special care is needed to keep the flame 
purely a Bunsen one. There is, however, 
a highly suecessful lamp which vaporizes 
the petroleum and uses the gas formed 
with an incandescent mantle. This is the 
Kitson light, which has been used in this 
country now for about five years, and a 
drawing of which is given in Fig. 2. The 
small copper pipe A, of about 0.125 inch 
internal diameter, is supplied with ordinary 
petroleum from a cistern where the air on 
the top of the liquid has a pressure of from 


965 














13) toy 60 
which pressure is supplied by a small air- 
pump. ‘The cistern, in the case of station 
lighting, may supply a number of lamps, 
but with isolated pillar lamps, such as in 
sidings, each column has a cistern in the 


pounds per square inch, 


bottom, and each lamp is independent. The 
oil is led from the copper pipe A into the 
vaporizer B, and through the small hole 
of sprayer C ‘to the burners) DD, J1t is 
absolutely necessary that the oil and casks 
should be as clean as possible, or the hole 
C, which is only about 0.016 inch in di- 
ameter, may become blocked, the supply of 
oil checked, and the light extinguished. 
In order to clear any obstruction which may 
get through, a picker E is provided, con- 
sisting of a needle-point, which can, by 
means of a chain below the lamp, be made 
to enter the hole C and clear out any ob- 
struction which may be blocking it. To 
start the lamp, the vaporizer is heated by 
means of a gasoline or petrol blow-pipe 
onerated from below, and lighted by an 
electric lighter. When sufficiently hot the 
oil is allowed to enter the vaporizer, and 
the vapor rising through the burner be- 
comes ignited. The gas issues at a high 
pressure and the flame is very hot, with the 
result that the light given is intense. As 
a rule two burners are fixed in each lamp, 
so that if one fails the other continues to 
give light. The average candle-power of 
one of these lamps tested on a photometer 
bar was 781 candles for a consumption of 
oil of 0.1135 gallon per hour. This works 
out at 8.3 grains per candle-hour, which of 
course is far in advance of any other type 
of lighting by means of oil. The cost of 
maintenance of these lights varies very 
much with their situation, and.the follow- 
ing figures, which relate to lamps used in 
two exposed sidings for four years, are the 
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only ones the author has personal experi- 
ence of, although at least one large station 
is lighted by such lamps in this country. 
Wages have been left out, as the installa- 
tions mentioned consist of fourteen isolated 
lamps only, and this item would be much 
smaller per lamp if a larger number of 
lamps required attention. 

Total number of lighting hours, 54,9890. 

Number of lamps, 14. 

Petroleum used, 3.990 gallons=o0.0726 
gallon per lamp per hour burning. 

Number of mantles used, 468—=0.0085 
mantle per lamp per hour burning. 

Gasoline used, 42 gallons=3 gallons per 
lamp per annum. 

Repairs, renewals, small stores, etc., ex- 
clusive of wages, £14 8s. Id.=£1 os. 6.93d. 
per lamp per annum. 

From the candle-power of these lamps it 
will be seen that they are only suitable for 
station lighting when they can be placed 
high up above the platform, unless a very 
strong light is required. 


Other Lighting for Small Stations.— 
Acetylene —Of the various other systems 
of lighting small stations, one of the most 
satisfactory is the use of acetylene. This 
is readily generated from calcium carbide, 
whilst most types of generators require 
very little attention. This has led to its 
adoption by many railway companies, but 
its expense has prevented its being gener- 
ally adopted. To give a light comparable 
with that of a Veritas oil lamp, at least I 
foot per hour must be burnt, and with car- 
bide at £15 per ton this means a cost of 
0.36d. per cubic foot; and assuming that 
this gave 50 candle-power, the same light 
could be given with a Veritas oil-lamp for 
the same cost, even if oil were 8d. per gal- 
lon, neglecting cost of generation. (It has 
been assumed that 1 candle-hour takes 50 
grains.) Acetylene can therefore only be 
used under special conditions. 

Carburetted Air—Since the cheapening 
of the cost of petrol, consequent upon the 
greater demand for it for motor-car pur- 
poses, very many attempts have been made 
to use it for carburetting air for use with 
incandescent burners, the gas thus made to 


be used through ordinary gas pipes to sup- 


ply these burners. It need scarcely be 
said that special precautions require to be 
taken before the storage of even a small 
quantity of such an inflammable liquid as 
petrol can be allowed on a station, but ar- 
rangements can be made to render the risk 
of danger very slight indeed. 

The air is usually carburetted by passing 
it over or through the petrol, which is very 
volatile and gives a vapor capable of being 
carried by the air in certain proportions. 
Very much ingenuity has been shown in 
the construction of air gas plants, and sev- 
eral .seem to be theoretically perfect, but 


the author has not come across one which 
has been tried practically with absolutely 
satisfactory results. In some cases varia- 
tion of temperature leads to some of the 
petrol being dropped in the pipe, whilst in 
others the mixture of air and petrol vapor 
is not constant as it should be, which leads 
to trouble at the burner. In nearly all 
cases the apparatus is not simple enough 
to leave in charge of the staff of the small 
wayside stations, where this class of light- 
ing would prove particularly useful. In the 
case of one apparatus the author has ex- 
perimented with, in which a portion of the 
gas made was used by a small hot-air 
engine for working the plant, a gallon of 
petrol gave 1,240 cubic feet of gas which 
had a calorific value of 90.35 British Ther- 
mal Units. When this was burnt in an in- 
candescent burner, 9.45 cubic feet per hour 
gave a light of 44.98 candles. Fig. 13 is an 
illumination curve of a station lighted by 
this means, the lamps being 65 feet 6 inches 
apart, the light 7 feet 9 inches above the 
photometer, and the curve taken along a 
line 9 feet 6 inches from the centre line of 
the lamps. 

Petrol Lamps.—Many types of indepen- 
dent petrol lamps are on the market, and 
these in the majority of cases have a vapor- 
izer under the burner, which is provided 
with an incandescent mantle, the petrol be- 
ing fed from a supply above the lamp. A 
portion of the heat from the burner is 
thrown down on to the vaporizer, but as 
petrol is not so volatile not much is re- 
quired for this purpose. As a rule these 
lamps require their vaporizers to be heated 
slightly before turning the petrol on. Their 
disadvantages are the attention they re- 
quire to light and keep in order, and the 
danger in having so many small supplies of 
petrol on the premises. Ina lamp recently 
put on the market, the petrol is allowed to 
soak into an absorbent block, and gas is 
made by svyphoning air through this to the 
burner. Other lamps on somewhat similar 
principles to the first-mentioned of this type 
use methylated spirit, but this adds ma- 
terially to the cost. 

The author believes that there is a future 
before petrol-fed lamps, but the time for 
their general adoption has not yet come. 

Oil Gas.—Lighting by this means is not, 
the author thinks, carried out on any rail- 
way station. It would require the provis- 
ion of a set of retorts, and considerable 
storage if the retorts were not to be kept 
on continually. The cost would probably 
be slightly more than acetylene when all 
charges were taken into account. 


Gas Lighting: Flat-Flame.—Until a little 
more than ten years ago, except in a very. 
few isolated cases, gas was the general il- 
luminant for stations of any importance, 
and was almost universally used in an 
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open, or flat-flame burner. It need scarcely 
be said that the lighting was not only poor, 
but, by present experience, costly for the 
results obtained. Although this type of 
burner is rapidly becoming out-of-date on 
all stations where many trains are run at 
night, yet it still supplies the greater part 
of the lighting on several of our British 
lines. On every company’s system there 
are a number of stations on branches, etc., 
where the trains are not run late in the 
evening, and where artificial light is only 
required for a short period each evening, 
during a few of the winter months. In 
cases such as these the flat-flame burner 
will probably continue to be used for some 
time, as the lighting required is not suffi- 
cient to make it worth while to employ in- 
candescent burners, which, although much 
more efficient, require a certain amount for 
upkeep. It may be said that the difficulty 
might be overcome by only putting the in- 
candescent burners on during these winter 
months, but it must be remembered that 
the lights must be available in cases of 
emergency at a moment’s notice, and flat- 
flame burners allow of this with a mini- 
mum of trouble and expense. 


Incandescent Gas Lamps.—The greatest 
stride in gas lighting on railways and else- 
where was undoubtedly made when Auer 
von Welsbach devised his system of utiliz- 
ing a Bunsen gas flame for heating to in- 
candescence a mantle cantaining the rare 
earths thorium and cerium. The author 
is not concerned in this paper with the 
reason for this incandescence, but only with 
the practical results it has given in his 
wotk. The construction, too, of the ordin- 
ary incandescent burner is too well known 
to need description. An ordinary C burn- 
er, using a gas giving 700 B.T.U. per cubic 
foot and consuming 3.0 cubic feet per hour, 
can be depended upon for giving a light on 
a photometer bar averaging 44.25 candles 
for 1,000 hours. A curve, Fig. 3, gives the 
average candle-power of a number of 
mantles for 2,000 hors, as that is the 
length of time the author tests samples 
from various consignments. When the fix- 
ing solution of a mantle is burnt off, there 
only remain the ashes of the cotton stock- 
ing from which 1t was made and the rare 
earths, in solutions of which it has been 
dipped. It would at first sight seem that 
this was all too frail to stand the vibration 
which must exist on railway premises, but 
experience shows that this is not the ease 
On the Midland Railway there were in use 
on June 28, 1906, 48,392 of these burners, 


and although they are employed in all situ- : 


ations, the mantle consumption cannot be 
said to be high, as it only averaged 5.2 
mantles per burner per annum. Under 
ordinary circumstances with pillar lamps, 
where a good foundation for the pillar 


Cunnre Power 


967 
























































© 00-200 300 400 S00 600 Foo 800 300 1000 3 
10D 
tHeurs Burning 


FIG. 3, 


has been secured, and in nearly all cases 
with suspended lamps, it has not been 
found necessary to provide any type of 
antivibrating apparatus to preseve the 
mantles. When, however, a good founda- 
tion cannot be secured, and the vibration is 
excessive, the use of a simple apparatus, 
consisting of a frame suspended by a spring 
on which the burner is fixed, and to which 
gas is supplied by a rubber connection at 
the bottom, has been found advantageous. 

It will doubtless be noted that the author 
has so far only mentioned the ordinary C 
incandescent burner: he is perfectly aware 
that various Kern type of burners with 
their longer and better designed mixing 
chambers for the gas and air give a higher 
efficiency, but he has found that they re- 
quire greater attention than those of the C 
type. On the photometer bar this type of 
burner (Kern) will give over 20 -candles 
per cubic foot of gas burnt per hour, but 
for the reason stated he has not recom- 
mended their general use on the line. As 
will be readily understood, the number of 
burners inserted in a lamp and the distance 
of the lamps apart is a matter to be con- 
sidered in each particular case. Having a 
unit of light of about 50 candles (of which 
any multiple can be easily provided) al- 
lows of a very even lighting being obtained 
where necessary. As a rule not more than 
three burners are grouped together for 
station lighting, although groups of five 
are used in special cases. With small sta- 
tions single burners, placed as with flat- 
flame lamps, about 60 feet apart, give a 
good effect. Generally the lamps are 
spaced closer together under a station roof 
than in the open, for this latter is the por- 
tion of the station most in use. As a rule 
the distance between the lamps rarely ex- 
ceeds 70 feet, and not often are they closer 
together than 4o feet, whilst the height of 
the mantle above the platform varies from 
9 feet 6 inches to about 14 feet 


High-Pressure Incandescent Gas——Many 
attempts have been made to get a greater 
efficiency out of a cubic foot of gas than is 
given by an ordinary incandescent burner 
at pressures up to two inches of water. 
Some four or five years ago it was found 
that by using a much higher pressure than 
usual and allowing the air and gas to mix 
together in a longer chamber, better re- 
sults were obtained. The pressure used 
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was that of from 8 to 10 inches of water. 
The mantles are without chimney, and at 
a pressure of 10 inches of water give 240.68 
candles with a consumption of 10.18 cubic 
feet of gas per hour. It would seem that 
the best efficiency is obtained with a burn- 
er of this size, and it is not always that so 


large a unit of light is required, but, 
when it is, the use of such burners is 
economical. Arrangements have to be 


made to raise the gas to the required pres- 
sure from one to three inches of water, 
which is the pressure of the usual supply. 
This is done by pumps which may _ be 
driven by water, a gas engine, or eléctric 
motor. In the earlier types of plant, water- 
power was extensively used, but as the 
amount required varied from 188 to 327 
gallons per 1,000 cubic feet of gas com- 
pressed, it will readily be understood that 
this method was found to be in some cases 
expensive. More recently small gas en- 
gines have been used for driving the com- 
pressing pumps, and in a plant, the carry- 
ing out of which the author has had charge 
of, the gas consumed by the gas engine has 
been only 20.8 cubic feet per 1,000 cubic 
feet of gas compressed. This plant, which 
will consist of over 300 burners when com- 
plete, is giving very good results, from a 
lighting and economical standpoint, with 
two-burner lamps placed 56 feet apart and 
with mantles 13 feet above the platform. 
A curve of the illumination is given in 
Fig. 8, the line being 11 feet 6- inches 
from the line of the lamps. The lighting 
effect is very good, and free from patchi- 
ness. As previously stated, it is not every 
station where the illumination required 


necessitates the use of as large units of 
he mantle consumption of burn- 
of this type is higher than with ordin- 


light. 
ers 











a 












8 


Cenree Line of La 





HLLUmMINATION In Foor Canovee 
oa 





1 = 
$s ry 








Se ee eed Ae 1 
1s 7 2 30 35 ery 


Distance iN Feer 





Fic. 8. 





THE ILLUMINATING ENGINEER. 


ary ones, and may under railway conditions 
be taken as 8-10 mantles per annum. 

More recently several systems of lighting 
have been devised in which the pressure at 
which the gas is burnt is very much higher, 
rising in some cases to 54 inches of water. 
The result is that a still greater efficiency 
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per cubic foot is obtained, but the unit of 
light is raised higher than is usually re- 
quired for railway purposes. 
company employs one of these systems for 
dock lighting, whilst one of the best pieces 
of street lighting the author has seen, that 
of Alexander Platz, Berlin, is with this type 
of burner. 


Self-Intensified Burners—The provision 
of high-pressure gas necessitates the lay- 
ing of special mains, or at all events of 
having gas of a higher pressure in the 
mains than is usually the case. This has 
led to the invention of several types of 
lamps which are arranged to give the same 
effect independently, either by induced 
draught or by the provision of some 
mechanism in the head of the lamp for rais- 
ing the pressure of the air supply to the 
burner to about 30 inches of water. Some 
of these types seem to work admirably, 
but the author has not had sufficient suc- 
cess with them to cause him to recommend 
their adoption extensively, but this may be 
due to local conditions. At all events, the 
results aimed at are those given in the 
figures mentioned with high-pressure light- 
ing. 

Interior Lighting.—Interior lighting on a 
station in the majority of places is confined 
to small rooms, with the result that the 
light is usually required at some particular 
point, and consequently it is placed as near 
this point as possible. About the largest 
interior spaces requiring attention are par- 
cel offices, and in these it is found that an 
illumination varying from 0.9 of a foot- 
candle on the floor gives good results. This 
can be obtained by three-light suspended 
\ gas burners placed under an enameled 
reflector. 

Within the last year or two the inverted 
type of burner has been much improved, 
and the smaller types supply a want in gas 
lighting, as they give an economical light 
of about 12 candles. 

This type of burner lends itself to much 
more artistic treatment with its fittings 
than any other type, but this is not a point 
which gets much consideration in lighting 
a railway, except perhaps in refreshment 
rooms. 


ELECTRIC LIGHTING. 


Electric lighting is at present, owing to 
the development of Nernst, mercury-vapor 
lamps, etc., somewhat in a state of tran- 
sition, and the author proposes to confine 
his attention at present to the consideration 
of arc and incandescent lights only. He 1s 
anxious to admit that the latter type of 
lighting will probably before long occupy 
the place of the flat flame in gas lighting, 
but he believes that the new type of lamps 
have not as yet been generally adopted for 
railway lighting, although he knows that 
they are employed in several instances. 


One railway ~ 
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Are Lighting. —In order that this type of 
lighting may be used to the greatest ad- 
vantage on a Station, it is necessary, owing 
to the high unit of light given by the most 
satisfactory type of lamp, that it should be 
placed fairly high up, and in fact that the 
ratio of height of lamp to distance apart 
should not be greater than I to 4 or 5. 
This is due not only to the fact that the 
unit of light is high, but that the carbons 
shaping themselves as they do cause the 
maximum of light to be thrown down at an 
angle of about 50° to the vertical. This 
difficulty may, as previously stated, be re- 
duced by placing a slightly opaque globe 
round the arc, but this leads to a certain 
loss of the total light given off. One dis- 
advantage of a very high light is the diffi- 
culty of attending to it in re-carboning 
unless arrangements are made for dropping 
the lamp. The type of lamp usually em- 
ployed is a 10-ampere, 500-watt one, and 
unless otherwise stated this is the class of 
lamp used in all the curves which follow. 
In some cases enclosed types of arcs, using, 
however, about the same amount of current, 
are employed. This type of lighting is par- 
ticularly good when the space to be lighted 
is large and when the height required for 
satisfactory illumination can be obtained. 
On the Midland Railway several large sta- 
tions are lighted in this way, and one 
station in particular deserves attention, as 
the roof is high and the walls light colored. 
Fig. 9 is a curve of the illumination be- 
tween two lamps at this station, taken along 
a line 7 feet 3 inches from the line of the 
lamps. The rings of increased lighting 
under a globe, owing to slight variation in 
the glass, have a bad effect in arc lighting, 
and globes should be as perfect as possible at 
the bottom to prevent this appearance of 
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patchiness. The advantage of being able 
to switch the electric current on at once 18S 
too well known to need mention here. 


Incandescent . Electric Lighting.—With 
some railway companies, these lights are 
employed for lighting platforms on some of 
the smaller stations, but as a reliable lamp 
takes at least 3.5 watts per candle, current 
must be cheap in order to make it at all 
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economical. For interior-station lghting 
it is much more satisfactory, as in many 
cases an 8 candle-power lamp over a desk 
is all that is required, and the small 
“Bijou” incandescent gas-lamp is the only 
thing which can compete with this. 

The author is fully aware that he has 
onlv dealt with electric lighting in an in- 
complete manner, and he can only trust 
that if there is any special point to which 
attention should be called, the question 
will be raised in the discussion. 


GOODS YARDS AND SIDINGS. 


In the previous section detailed descrip- 
tion was given where required of each par- 
ticular lamp as mentioned, and it is not 
therefore necessary to revert to them, but 
simply to mention them when referring to 
the effects obtained by their use. 

In lighting these places, as distinct from 
goods sheds, two conditions may obtain; 
it may be that it is necessary to provide for 
lighting a space, as for instance, the en- 
trance of a yard, or a particular point, such 
as a capstan. Upon these considerations 
the type of light used will depend. In the 
first case high-powered lights are required, 
and they should be placed high up so as to 
distribute the light; in the second case a 
smaller light at the point required is all 
that is necessary. For the lighting of the 
yards--themselves three-light incandescent 
gas lamps about 80 to 100 feet apart, or 
arc lamps about 100 to 120 feet apart, give 
a good effect, and quite sufficient illumin- 
ation under ordinary conditions. It fre- 
quently happens, however, that the necessity 
for providing light at some particular point, 
Stich as! a; crane, capstan, crossing, etc., 
causes the lamps to be placed much closet 
together. In small yards where neither 
electricity nor gas is avilable, Veritas oil 
lamps in suitable cases may be used. It 
will be understood that the conditions vary 
so much that illumination curves of light- 
ing of this description are not of much val- 
ue, but from a number of readings which 
the author has taken, he thinks that if the 
light provided does not sink below 0.05 
foot-candles at the ground-level it will meet 
any case. In the lighting of sidings, the 
chief position to be considered is that of 
the points. Here it is necessary not only 
to light the points themselves, and the po- 
sition of the “dummy” for changing them, 
where provided, but also to show when a 
wagon is standing clear where the roads 
diverge, so that shunting may take place 
safely by it. The lighting here required is 
therefore a combination of horizontal and 
vertical illumination, and if a single pair 
of points has to be dealt with, a light of not 
too high power (say roo candles), placed at 
not too great a height, is all that is re- 
quired. Where several sidings run one 
after another into a shunting road and a 


now exist on most railways. 


line of lights is provided, three-light incan- 
descent gas lamps, 100 feet part, or arc 
lamps on higher posts and spaced a greater 
distance, will be found satisfactory. In 
some cases special lighting has to be pro- 
vided, and as a case in point the author 
would quote gravitation sidings such as 
Here the 
number of the road the wagon is to go on 
is chalked on the end of the wagon before 
it is “cut” from the train and started down 
the incline. It is necessary that this num- 
ber should be easily read, and in order that 
this may be done, the author has found 
that three-light incandescent lamps, with 
reflectors behind the mantles, on fairly low 
posts answer this purpose admirably. At 
points where trains are broken up on these 
sidings, a-—particularly good light is re- 
quired, and a minimum illumination of 0.15 
foot-candle will be found none too much. 
In sidings where neither gas nor electricity 
is available the “Kitson” pressure oil lamp 
will be found very useful. 


Goods Sheds——Here, even more than on 
stations, the points available for fixing 
lights are very confined. It often happens 
that the jibs oi the cranes sweep so close 
to the principals of the roof that the space 
left between is too small to allow of the 
fixing of a light, whilst such a position 
would be a dangerous one for men at- 
tending to the lamps when this became ne- 
cessary. The -result is that lights are 
usually fixed along the stage of a shed, 
not down the center but “staggered” on 
alternate sides so as to miss the swing of 
the cranes. An ordinary shed consists of 
stages with cranes, with a cart-way on one 
side and a siding on the other. The cart- 
way is often so wide as to require some 
light down it, and this is provided by a 
line of lamps placed at sufficient height to 
prevent damage from high loads. On the 
stages a good light is essential, owing to 
the necessity of reading quickly and easily 
labels on goods, written sometimes in all 
styles of writing with every color of ink. 
With gas lighting, groups of two or three 
incandescent burners in lamps placed from 
30 to 40 feet apart, and from I1 to 13 feet 
above the platform, are found to give a 
satisfactory light, the illumination—neglect- 
ing the portion directly under the lamp— 
varying from 0.9 to 0.25 foot-candle. 
Where arc lighting is used in these sheds, 
the lights are usually placed 45 to 60 feet 
apart, and at heights from 13 to. 15 feet 
above the stage level. The illumination 
varies from 2.25 foot-candles down to 0.4. 


Locomotive Sheds—TYhe sheds of the 
Midland Railway Company are of two 
types, either square (“round”) with a turn- 
table in the centre and pits radiating from 
it, or rectangular with an entrance at one 
end and pits running down the length of 
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the shed. The lighting was formerly car- 
ried out by means of star or similar gas- 
lights with four, six or eight burners, each 
consuming about five cubic feet per hour. 
In the case of the “round” sheds these 
lights were placed between every other pit, 
with the result that one side of each en- 
gine was left in darkness. Upon the ad- 
vent of the incandescent burner these old 
lights were replaced by two-light incandes- 
cent burners, either in lamps or under 
shades, which were placed between each 
pie ihe result was that not only was-a 
better and more evenly distributed light 
obtained, but a considerable economy was 
effected in the cost of lighting. 


Lighting of Workshops—With the ex- 
ception of the shops in which the loco- 
motives or carriages themselves are erected 
or repaired, the general conditions and ar- 
rangements in railway works are very 
similar to those found in any engineering 
works. Although in a country like this, 
under existing conditions, work must be 
carried on after darkness sets in, yet lhght- 
ing of shops is a subject which the records 
of the Institution show has not been as 
frequently discussed as it would seem to 
merit. This is particularly the case when 
it is remembered what great strides light- 
ing, both by gas and electricity, has made 
during the last 10 or 15 years. In October, 
1893, Sir (then Mr.) Benjamin A. Dobson 
read an interesting paper on “The Arti- 
ficial Lighting of Workshops,” in which 
special reference was made to the use of 
inverted arc lamps placed under large 
whitewashed reflectors. This class of 
lighting is particularly effective in many 
cases, but as it was so fully dealt with at 
the time, the author does not propose to 
refer to it here, as any member interested 
can work out from the particulars then 
given the cost with the price of current 
adapted to his special case. 


Lighting of Locomotive Erecting Shops. 
—In lighting a locomotive erecting shop, 
certain initial difficultes are met with. 
These are, the need of a good, general, 
well-diffused light, and the fact that, as 
cranes run down the whole width and 
length of the shops, the light must be at 
least 29 feet above the floor-level. The 
author was met with these difficulties when 
asked to improve the illumination of a 
large erecting shop of three bays, each 
measuring 450 feet by 50 feet. At first arc 
lamps, under large whitewashed reflecting 
boards, were tried above the cranes, but for 
one reason or another were not wholly 
satisfactory. These lamps were then super- 
seded by arcs placed between the columns 
separating the bays, but this did not pro- 
vide a sufficient light in the centre of the 
shop. About this time a smaller shop was 
erected at Kentish Town, and the author 
lighted this by high-pressure gas burners, 
placing three of these under a whitewashed 
reflector. The results are very satisfactory. 
a steady, well-diffused light being obtained, 
whilst the burners have required little 
attention and the consumption of mantles 
has been low. In this case, as so small a 
number of burners are used, water is em- 
ployed for raising the gas pressure from 
one inch of water to eight inches of water, 
and as an old-type compressor was fixed, 
the water-consumption has been somewhat 
high, being 327 gallons per 1,000 cubic feet 
of gas compressed. 


The peculiar shaped reflector is used, as 
it is easily fixed between the principals, and 
it effectually prevents much light being 
thrown on the glass roof and lost, as nearly 
all the rays fall on it or on the portion of 
the roof that is painted white. The burn- 
ers are 36 feet 6 inches from the floor, on 
which the illumination varies from 0.48 to 
0.95 foot-candles. 

The success of this lighting led to the 
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same system being adopted at the large 
shop previously mentioned. In this case 
the reflectors employed are like the ones at 
Kentish Town. They are whitewashed, 
and the author has found in practise that 
this substance has all the properties of a 
reflector,-as) claimed forat by, Mr vA 2. 
Trotter in the paper read by him before 
the Institution of Civil Engineers. The 
illumination, 29 feet 8 inches below the 
burners, varies from 0.8 to 1.4 foot-candles. 
It is found that the burners only require 
attention about every 7-10 days. In large 
buildings such as these, where it is im- 
possible to have a light of this description 
in any position except at a great height 
above the work, it is not possible to dis- 
pense entirely with lights on the benches 
themselves, but these can be reduced to a 
minimum, and are only required where a 
long hole has to be seen through. Even 
these could be dispensed with if the vices 
could be fixed opposite a whitewashed wall. 


Brass Foundry.—The satisfaction given 
by this lighting and its economy has led to 
its being adopted in all shops where a good 
general light is required, such as those in 
which boilers, tenders, etc., are dealt with. 
{It has even been installed in the brass 
foundry at Derby, and has been found very 
satisfactory. The height the burners are 
fixed above the floor (21 feet in this case) 
is apparently sufficient to prevent their 
being interfered with by the dust, etc., which 
is always found in such shops. 


litting Shops.—In fitting and machine 
shops, although a general light is required, 
yet particular points require special atten- 
tion unless the general illumination is very 
good. In the discussion on Sir B. A. Dob- 
son’s paper, Mr. J. A. F. Aspinall showed 
by photographs, etc., the success achieved 
by fixing arc lamps under large white- 
washed screens in the fitting shop at Hor- 
wich. The construction of this building 
has allowed of the systematic arrangement 
of a large number of arc lamps, and the 
author, who has worked both on machines 
and at the bench in this shop, can testify 
to the excellent effect given. 

In the shops he has had to deal with, the 
construction has not admitted of the em- 
ployment of large units of light, as, to use 
them successfully, they must be placed at 
a considerable height above the surface to 
be illuminated. With gas available at a 
very low cost, extensive use has been made 
of the two-light incandescent gas-fitting 
under a 28-inch enameled shade already 
referred to. The use of a smaller unit ot 
light, such as this, allows of a much better 
illumination when the lights have to be 
fixed lower down. The illumination on the 
benches in this instance is over 2.25 foot- 
candles. In such cases as these no type of 


antivibrator has been found necessary, as 
the mantle consumption is not heavy. 

In some cases, owing to the provision of 
cranes, or from other causes, it has been 
found necessary to provide a special light 
for a vice. In such positions a single light 
with a special antivibrator (Fig. 10) has 








proved useful. These have also been em- 
ployed to light a row of lathes fixed against 
a wall, and where it was not thought ad- 
visable to provide large units of ight high 
up. In these circumstances they are fixed 
to the wall behind the lathe. 


Paint Shop.—tIn both locomotive and 
carriage paint shops, not only is a good 
light required, but it has to be provided in 
long rows to illuminate thoroughly the 
vehicles on each side. In dealing with these 
cases, the two-light incandescent fitting 
has been found very successful. 


Carriage Shop—With lighting of car- 
riage shops generally, the same conditions 
occur as are found in locomotive paint 
shops. These prevent the provision of high 
units of light, especially as the shops are 
of necessity not so high as locomotive 
erecting shops, as cranes are not often 
used. The same system of lighting has 
been adopted as with the locomotive paint 
shop already quoted. 


Iron Foundry.—The lighting of iron 
foundries seems to be one_ particularly 
suited to arc lamps, but the author, from his 
experience with high-pressure gas lights 
in the brass foundry referred to, believes 
that this system of gas lighting may suc- 
cessfully be employed in illuminating what 
is usually the one dark spot about a works. 


In conclusion the author would again 
point out that if he has seemed to deal with 
the question of gas lighting somewhat to 
the exclusion of other types, it is because 
he has of necessity had to speak of the 
lighting that he has had most to do with. 
He trusts that any omission may be made 
good by members taking part in the dis- 
cussion. 
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HELION FILAMENT INCANDES- 
CENT LAMP 
By Pror. H. C. Parker AND WALTER G. 


CLARK. 


Paper read before the AMERICAN Puysi- 
CAL Society, New York, Dec. 29, 1906. 


The Helion incandescent lamp is the re- 
sult of several years’ of research work on 
the part of the authors in the Phcenix 
Physical Laboratories of Columbia Uni- 
versity. The name Helion is adapted 
from Helios, and was adopted on account 
of the resemblance of the spectrum of the 
light from this filament to the solar spec- 
trum. In some respects the filaments are 
quite remarkavie, as they are not metallic, 
yet they can be operated at a specific con- 
sumption of one watt per candle at a tem- 
perature which readings on the Fery ab- 
sorption pyrometer indicate is very much 
below the temperature of metallic fila- 
ments when operated at this consumption. 
The Helion filament is composed largely o 
silicon, which is reduced and deposited, to- 
gether with the other materials, under very 
exact conditions. The base which is being 
used at present is a special carbon filament, 
on which the necessary deposit is made. 
The filament is mounted within a globe 
which is then pumped out, much the same 
as with the ordinary carbon lamp. When 
current is applied, the first noticeable 
characteristic is the white light radiated 
from the filament at a current density at 
which the carbon filament would be radi- 
ating only red rays. The next characteris- 
tic is the whiteness of the light, and the 
high luminous efficiency of the filament at 
its normal current density, and next the 
overload or extra current which it will 
carry without breaking down. The fila- 
ment, while not metallic in the proper 
sense, shows a metallic characteristic in 
that it is possible to fuse parts of it to- 
gether very much the same as is done with 





FIG. I. 
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a metallic filament. This is demonstrated 
by the filament shown in Fig. 1, which 
broke, and then fused together where the 
parts came in contact. 

In early experiments with the filament it 
was noticed that a point of maximum 
candle-power could be reached, and that 
further increase in current apparently did 
not result in a proportional increase in 
light. This has been borne out by pyro- 
meter measurements, which are. shown on 
the curve in Fig. 2. It will be noticed that 
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BIC. 3: 


the candle-power increases with the tem- 
perature in practically a direct ratio up to 
a temperature (black body temperature) 
of approximately 1,720°, at ©. which 
point the curve flattens down, until it is 
practically flat at 1,800°.. “In-;some 
experiments to determine the overload 
which the filament would carry, the power 
applied has been increased by 100 per cent. 
after the point of apparent maximum bril- 
liancy had been reached, the filament carry- 
ing the overload without rupture. 

The curve of Fig. 3 shows the tempera- 
ture-coefficiency of the filament which is at 
first negative; the resistance of the fila- 
ment shown in the curve drops from 3234 
ohms at 1,125° temperature, to 26% ohms 
at 1,375°, then increases to 27 ohms at 
1,720°, and has a slight negative co- 
efficiency beyond this point. The test 
shown on this particular curve was made 


974 LHE ILLOMINATINGSEN Gi ie 


on a short section of regular filament. It 
will be noticed that the change from the 
positive temperature coefficiency to a nega- 
tive coefficiency, takes place at practically 
the point at which the ratio of temperature 
to candle-power makes its greatest change, 
as shown in Fig. 2. The change occurring 
at this point would seem to indicate that a 
molecular alteration had taken place in the 
filament, but if this is so, it would appear 
that the same change occurs in a reverse 
order as the temperature is r2duced, for 
when the filament is allowed to cool and 
power again applied, the same characteris- 
tics are observed. 

The amount of overload the filament will 
withstand is well shown in the lamp illus- 
trated in Fig. 4 where long copper wires 
were used to place a small loop filament 
into the middle of the lamp bulb. The 
current passing through the filament was 
raised to a point where the copper wire on 
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one side fused, ran down, and now appears 
as a metal globule near the neck of the 
lamp. The cement terminalis are intact, 
and a portion of the copper yet remains at 
each cement terminal, the copper having 
fused immediately at the cement covered 
terminal. The overload does not appear 
to have in any way injured the filament, 
which is still intact, and the only discolor- 
ation on the glass is a slight deposit of 
copper on the side near the fused terminal, 
there being no deposit from the filament on 
the glass, although the cross section of the 
copper wire is several times greater than 
the cross section of the filament. 

The curve in Fig. 5 shows the relative 
intensity of light from a Helion lament 
and a standard make of carbon filament 
lamp at various wave lengths in the spec- 
trum, each lamp being operated under nor- 
mal conditions. The curve shown in Fig. 
6 indicates the energy consumed by the 
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same two lamps in producing this lumin- 
osity curve. It will be noticed that the 
Helion energy curve is the smaller one, 
while the luminosity curve is much greater 
than the carbon filament. The greatest 
degree of luminosity for each lamp appears 
at 58 . This result seems to be due to 
some characteristic of the human eye, be- 
cause a  Welsbach mantle, the open gas 
flame, and other sources of illumination 
so far tried, all give a maximum intensity 
at this wave-length, and it would appear 
that the normal eye is most sensitive to 
this wave-length, which is between the yel- 
low and the green. 
1 
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Sufficient time has not yet elapsed to 
give conclusive life tests on these filaments, 
but out of the few tested, eight lamps have 
shown lives of from 485 hours to 1,270 
hours ®<ctual burning. The lamps tested 
were all lamps originally made for other 
tests, and some of them had burned for a 
great many hours before being placed on 
the life test, and had been tested for 
candle-power at various consumptions, etc. 
All were made, mounted, enclosed in the 
glass bulbs, and pumped out at the labora- 
tory where the facilities for mounting and 
pumping were not the best, so that this 
life test does not show as good results as 
will probably be secured on new lamps 
placed on life tests without being strained 
by the other tests to which these lamps 
were subjected. That the life of the lamps 
tested was controlled to a great extent by 
the previous treatment the lamps had re- 
ceived, the condition of the terminals, and 
the degree of vacuum attained, is indi- 
cated somewhat by the fact that the lamp 
which failed at 485 hours showed a de- 
crease in candle-power of about 15 per 
cent., while the lamp which ran _ 1,270 
hours showed a drop in candle-power of 
only about 3 per cent. Several of the 
lamps ran more than 700 hours, anda 
number of them showed an increase in 
candle-power over the initial candle-power 
during some portion of the life. One lamp 
which ran 735 hours showed a gradual in- 
crease in candle-power which reached a 
maximum of about 2 per cent. Each lamp 
in each case parted either at or near the 
cement terminals or anchor, which indi- 
cated either a condition of strain on the 
filament, or else that the cement acted upon 
the filament. In some cases it has been 
found that the cement which was being 
used at that time contained a low silicate, 
which combined with the filament and re- 
duced its cross section near the terminal, 
causing the filament to part at this point. 
The lamp which ran 1,270 hours showed 
rather an interesting performance. ‘The 
lamp was started at 37 watts and 37 candle- 
power. At the end of 200 hours it began 
to show an increase in candle-power, which 
increase continued until the candle-power 
reached 4o at 400 hours, the wattage re- 
maining practically constant at 37. At 400 
hours the candle-power began to decline 
and again crossed the 37 mark at 500 
hours. The decline continued at a very 
slow rate, and when the last reading was 
taken at 1,230 hours, the illumination had 
dropped to about 35.5 candles, and the con- 


sumption was about 36.5 watts. This lamp 
failed near one of the carbon terminals 
at 1,270 hours of continuous operation. 
The only blackness or discoloration on the 
glass, perceptible to the eye, was a ring of 
brown color around the lamp near the base 
and opposite the terminals. From obser- 
vations made up to the present time, 
the high efficiency of the Helion filament 
reaches a maximum whiteness at a com- 
paratively low temperature, after which an 
increase in temperature to the 1,720° point 
increases the intensity of illumination, but 
does not appear to make very much change 
in the color of the light; but with a carbon 
filament the color and quality of the light 
shows a marked change as the temperature 
increases. In making some comparisons 
with the carbon filament, they were run up 
in temperature to the point of disintegra- 
tion, but even at this point the light was: 
very much more yellow than the Helion 
filament at its normal working temperature. 
It has been found possible to make fila- 
ment as low as 30 candle-power for pres- 
ent commercial e. m. f. of from I00 to I15 
volts, at approximately the same length 
as carbon filaments. How much smaller 
unit it will be possible to make is yet to 
be ascertained. 


LIGHTING AND MAINTENANCE 


Abstract of paper read before the London 
and Southern District Junior Gas Associa- 
tion. 

The most important factor in gas lighting 
today is a uniform and increased pressure. 
I find that burners working under pres- 
sures of 3 inches and over give vastly bet- 
ter results in every way than under the old 
15-10th conditions. Pipes can be reduced to 


- half the size of those required for very 


low pressures; complaints of bad lights 
and stopped supplies are reduced to a 
minimum; the nipples will not get choked 
with dust so auickly; the mantle has more 
chance of adapting itself to the flame, and 
vice versa; and increased pressure pro- 
longs the life of the mantle, as it becomes 
hardened and crisp after being burnt for 
a short time. Ah 

In order to give the candle efficiency as 
pressure increases, photometrical tests have 
been made with an ordinary No. 4 Kerm 
burner; different sized nipples being used, 
and the burners adjusted to obtain the best 
results at each given pressure. a 

Governors for ordinary conditions 
should not be extensively used, as they 
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cause complaints of bad supply, materially 
reduce pressures, stick, and get out of ac- 
tion quickly. Consumers, I find, when ad- 
vised to dispense with their use, are always 
satisfied ‘with the after results, though 
sometimes it is a very difficult matter to 
convince them. Regulation should take 
place on the consumer’s premises at the 
burner. A governor when used to keep a 
uniform pressure of gas delivered from 
compressing plant, is certainly in its place; 
but to adopt it commercially means some 
trouble. The simplest means of checking 
the gas supply is at the meter-tap, or at each 
individual point; or a still better method 
is the “gas adjusting nipple.” By the use 
of this nipple you can obtain an equal duty 
in every spot. In adopting the adjustable 
nipple, it is necessary for it to be of very 
fine manufacture, made perfectly true, and 
with a smooth edge. Better results are ob- 
tained from one that has a centre adjust- 
ing movement, because I contend that gas 
should impinge from the nipple in the direct 
centre of a Bunsen tube, and not by shut- 
ting off one, two, or three of a number of 
holes, as the case may require. To illus- 
trate the value of this nipple, I fitted a No. 
4 Kern burner with one, and the photo- 
metrical readings were as follows: 


Pressure in Flow of Gas. 
Tenths. Cubic Feet. 
15 3% Aiea 
20 aos Jess) 
30 = Be 
40 ee 6.0 
50 sa 6.3 


particularly those of the recuperative type. 

It is really a matter of experience to de- 
termine the amount of light required for a 
given area; but the rule of 1 candle for 
every 3 square feet of floor area igia very 
good standard to work upon assum#dig as a 
basis the room to be lighted to have a white 
ceiling and walls, and lights placed 9 feet 
high, increasing the power according to thé 
color of the walls, decorations, or obstruc- 
tions. An increase of 5 to 7% per cent. 
in candle-power will usually suffice for 
every foot over and above 9 feet in height. 
The general public, to my mind, have a 
great tendency for increased light, which is 
certainly very harmful and destructive to 
the eyesight, especially the rays given from 
the electric arc. Of late, there has been a 
great rage to adopt the four-burner cluster 
lamps for inside use, ranging from 250 to 
500 candle-power in one unit of light. To 
fix a lamp with this number of burners, for 
lighting shop or rooms say 14 ft. x 16 ft. x 
10 ft. or 12 ft. high; is wrong, and of very 
little benefit to the consumer. It is infin- 
itely better to instal cluster lamps with a 
less number of burners. All lights, as far 
as possible, should be hung from the ceil- 
ing, and every endeavor made to have the 
mantle suspended in a direct line with the 


Illuminating Candle Power 
Power. per Foot. 
87 sit TQ/27 
95 sas 2072 
ELS a 2225 
138 oa 23.0 
153 ae 2A) a2 











Comparing the above figures with those 
of the ordinary nipple already given, clearly 
proves that the adjustable nipple is going 
to play a very prominent part in gas light- 
ing. 

I consider the most perfect inverted burn- 
ers are those of the swan-neck type, with 
the air chamber lower than the ignition 
point, as this brings it back to a very great 
extent to the ordinary upright, which is a 
more natural way of burning gas than be- 
ing delivered entirely in a downward direc- 
tion. There are, however, still vast im- 
provements required to make the inverted 
burner an absolute success. 

The Kern burner for low pressure light- 
ing still stands supreme; and I have never 
come across its equal for lighting efficien- 
cy per cubic foot, though it is costly to 
maintain, when compared with others. 
Self-intensifying systems passing over I0 
cubic feet of gas per hour are not desirable; 
but smaller lamps give very good results, 


cup and ball, so that when globes or any 
parts are removed for cleaning purposes the 
mantle is left still in the vertical. The 
pendants and all fittings of this class should 
be avoided, because according to the weight 
of removable parts, so the mantle is 
thrown out of the vertical line. This 
causes the mantle fringe to break, and also 
strains the loops and shoulders. I esti- 
mate these fittings increase the maintenance 
cost at least 33 per cent. The disadvan- 
tages of this class of fitting applies more to 
the upright than to the inverted burner, 
as the clay rings take up the strain. For out- 
side shop lighting, there seems to be a 
great tendency for four-burner lamps. I 
cannot understand why. You get practi- 
cally the same results with three-light 
lamps, reducing wear and tear and gas 
consumption 25 per cent., and giving the 
consumer more satisfaction. Cluster lamps 
should be used in preference to single 
burner, as you have always a fall-back in 
case of breakage of mantles. 
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Review of the Technical Press 





AMERICAN ITEMS 


STREET ILLUMINATION BY ARC 
Lamps: W. E. Daniels, Western 
Electrician, January 12th. 


The article deals in particular with 
a new method of placing arc lamps 
which is being tried in certain parts of 
Chicago. A lamp of special construc- 
tion is used, which is entirely concealed 
within a 20-inch plain opalescent glass 
globe, supported at the top of a slen- 
der fluted lamp-post. The writer 
states that in a test about 7 lamps were 


used in a block of 400 feet, and a very 


satisfactory distribution of light was 
found. Shadows, light waves, dark 
spots, and other usual annoying feat- 
ures were conspicuous by their ab- 
sence. The area of useful light was 
found to be equal to the regularly con- 
structed lamps, and the character of 
light decidedly better. The article is 
illustrated with the 5 half-tone cuts 
showing old and new methods of arc 
light. 


ILLUMINATING ENGINEERING: L. B. 
Marks, Electrical Review, January 
12th. 


A brief review of the subject, call- 
ing attention to some of the absurd- 
ities in lighting practise still in exis- 
tence, and the necessity of studying 
illumination from the engineering 
stand-point. 


RUDIMENTS OF ILLUMINATION: Dr. 
Louis Bell, Electrical World, January 
5th. 


In this short article, this well-known 
writer on Illuminating Engineering 
has included an extraordinary amount 
of “safe and sane” adyice on illumi- 
nating engineering. In fact, the prac- 
tician who will make himself familiar 
with these “rudiments,” and apply 
them with judgment, will not go far 
wrong in any problem of illuminating 
engineering. 


E.ectric Light 1n Crypt: Henry 
Gutherie, Technical World, February. 


A brief description of the illumina- 
tion of the new Berlin (Germany), 
Cathedral. 

The illumination is by the indirect 
method. A number of arc lamps are 
hidden above the cornices in the main 
cathedral on the galleries of the cupola,. 
and by means of reflectors distribute 
the light uniformly throughout. the 
vast hall Other allaminants of the 
same kind throw their light upward. 
from magnificent candelabra placed 
in the aisles. An extensive use has 
likewise been made of Nernst lamps, 
as well as incandescents; 100 of the 
former and nearly 2,000 of the latter 
being used. 


A NoveL PHOTOMETER: The Scien- 
tific American, Dec. 8, 1906. 


The numerous attempts so far made to 
utilize the luminous sensitiveness of seleni- 
um for the construction of a_ suitable 
photometer have now for the first time 
been crowned with success, in connection 
with a novel selenium photometer brought 
out by a Mayence constructor, which is 
quite independent of the inertia of the se- 
lenium, the temperature of the air, and the 
load on the selenium cell, as well as of all 
other factors disturbing the sensitiveness of 
the selenium. The slow alteration under- 
gone by the selenium cell in course of time 
is doubtless without any influence on the 
tests. The accuracy insured in using this 
apparatus greatly exceeds the accuracy 
afforded by any similar photometrical pro- 
cess, while the tests are carried out more 
rapidly and without any difficulty. 

The novel principle used in constructing 
this photometer consists in throwing a se~- 
lenium cell in a rapid alternation from the 
range of a standard lamp into the range of 
the lamp to be measured, the resulting: 
current oscillations being ascertained by 
suitable instruments. As soon as the oscil- 
lations of an index are discontinued, the il- 
lumination produced on the cell by both of 
the illuminants is found to be equivalent. 

The apparatus includes two mirrors light- 
ed by the two illuminants respectively, while 
a selenium cell rapidly oscillating between 
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two given positions is lighted alternately 
by either. The index of an ammeter os- 
cillates in accordance with the fluctuations 
in illumination thus produced, and the in- 
strument should be displaced until these 
oscillations are found to cease, thus show- 
ing the equivalence of the illuminations due 
to either lamp, when their respective dis- 
tances from the photometer will, according 
to a well-known rule, give the luminous 
intensity of the lamp to be tested in terms 
of the standard lamp. 

As regards the influence of considerable 
differences in color between the two il- 
luminants, selenium seems to behave very 
well with the luminous sensitiveness of the 
eye in regard to the same color. It thus 
seems likely that no errors worth mention- 
ing will be made in practical tests, and it is 
surmised that the retina of our eye per- 
ceives in the same way as selenium, while 
such differences as have been found from 
time to time are attributable to the absorp- 
tion of rays by the liquid and other mem- 
branes of the eye. A suitable compensa- 
tion could thus be obtained by inserting in 
front of the selenium cell an optical medium 
equivalent to the substances lying in front 
of the retina. 


A Strupy OF CERTAIN SHADES AND 
GLOBES FoR ELEctric LIGHTS AS USED 
IN INTERIOR ILLUMINATION: By 
William Lincoln Smith, S. B. From 
the Technology Quarterly, Vol. XIII 
(Mass. Inst. of Technology). 


A. ‘GENERAL CONSIDERATIONS. 


In the first part of this paper’ were given 
distribution curves of incandescent lamps 
fitted with various types of shades or 
‘globes, and the efficiency of the several 
combinations was determined by finding the 
Mean Spherical Candle-power and_ the 
Energy consumption in the usual manner. 
The Mean Spherical Candle-power is, in 
my opinion, the quantity by which in the 
last resort one must compare relative effi- 
ciencies, unless one is willing to lose him- 
self in a maze of cross purposes and en- 
tangling specialties, among which it is ex- 
ceedingly difficult to find any other simple 
and satisfactory basis of comparison. 


Here as elsewhere, however, one must 
not fall into the error of making efficiency 
the only criterion. 


There is, first, the broad and complex 
matter of color effect to be considered, since 
it by no means follows that because a par- 
ticular effect is satisfactory in one case, it 
will be even bearable in another, where the 
same general arrangement holds, but the 
color scheme and character of decoration 
is widely different. For examination along 
this line we must call in the aid of the 


Spectro-photometer, and the corresponding 
section of this work is reserved for part 
three of this paper, the preparation of 
which is at present in progress. 

The second point to be considered is that 
of distribution of light over surfaces to be 
illuminated. It is only in very rare cases 
that it is advisable to use modern light 
sources, as Welsbach mantles, acetylene 
gas, incandescent or arc lamps, unaccom- 
panied by some form of diffusing shade or 
globe, for most frequently the source will 
come somewhat within the line of vision. 
In this case the intrinsic brilliancy must be 
cut down—all the newer light sources 
agreeing in this: that the value of the can- 
dle-power emitted per unit of area of light- 
giving surface is very high. Thus the open 
arc may give over 25,000 C. P. to the square 
inch, the incandescent lamp may range 
from 100 to 200, acetylene gas ranges from 
75 to 125, while the Welsbach mantle will 
vary from 20 to 25. Now, of the older 
light sources, the flat flame of gas gives 
from 4 to 85 the: oil lamp, tromtmamions: 
both varying widely, however; and the 
candle is lower still. It is safe to say that 
the intrinsic brilliancy should never rise 
above five candle-power per square inch, 
and personally I prefer to keep it rather 
lower if possible. 


Thus it will be seen readily that the use 
of some form of diffusing shade is neces- 
sary in the great majority of cases, in order 
that the light may appear to radiate from 
a much larger surface than is the case with 
the bare lamp, and thus the intrinsic bril- 
liancy be properly reduced. But the shade 
ought to do more than this, it should aid us 
from the point of view of illumination as 
distinct. from lighting, and it is just this 
distinction which the great majority of 
persons fail to take into account. For in- 
stance, let us consider a draughting room. 
Suppose we hang lights on pendant cords 
over each drawing table; the illumination 
of the boards will be strong and bright, yet 
the room may be very badly lighted. For 
if the lamps are fitted with conical green 
paper or tin shades the whole upper part 
of the room will be in gloom and the 
worker’s eyes strained as he raises them 
from his work and then drops them again; 
while if the lights are bare the conditions 
may be as bad, if not worse; since, if the 
lamps are high, it will be difficult to get 
light enough at the proper angle on the 
board, and, if low, they may easily come 
within the range of vision. In either case 
the workman will find that on raising his 
eyes from his work they are strained, just 
as when the shades were used. In the first 
case the iris dilated to accommodate itself 
to the gloom of the room as compared to 
the board, in the second case it contracted 
to accommodate itself to the presence of 
the small, bright light sources; so that the 
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alternate opening and closing will finally 
result in serious strain, and may do irre- 
parable damage. We get, in other words, 
good illumination but very bad _ light- 
ing. Now suppose this room to be 
lighted by concealed lamps of high 
power, their light being thrown on to a 
white diffusing surface, as a slightly arched 
ceiling and whitened walls, the room will 
be excellently lighted, but the working 
illumination will be bad, for we shall have 
approached so nearly to complete diffusion 
and uniformity that the result will again 
be strain and damage to the eye, resulting 
in this case from the total absence of 
shadow and the consequent inability of the 
eye to readily locate a point on the paper 
or to judge of distance; the strain now fall- 
ing upon the focusing apparatus instead of, 
as previously, upon the muscles controlling 
the iris. 

Between these two extreme cases will be 
found a happy mean, which may be more 
or less closely approximated in a variety 
of ways. In the room considered above, 
it would be found in providing a moderate 
general illumination by the hidden lights, 
and fitting each table with a small, thor- 
oughly shaded lamp, flexibly supported, so 
that its rays could be directed at any de- 
sired angle upon any desired portion of the 
work. 

Such a lay-out, however, would prove de- 
cidedly expensive, and an approximation to 
the result might be made by the use of 
larger lamps raised high and fitted with 
globes which would cut down the intrinsic 
brilliancy properly, and at the same time 
direct the light downward, so as to give 
sufficient illumination. 

Accordingly, it is of great importance 
for one to be able to determine before- 
hand just what a given arrangement 1S 
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going to give in the way of illuminating 
effects. In some cases one can say off-hand 
that the results will be thoroughly _ bad. 
Thus, if a globe like No. 15, Part I of this 
paper (a globe with the top half opal and 
the lower half clear glass cut with a many- 
rayed star), be used, the result will be un- 
satisfactory for many purposes, because the 
globe will prgduce very marked striations 
on a surface below. 

Again, take the case of the turnip type 
of incandescent lamp, with the upper half 
silvered. If the bottom half is clear glass, 
the light downward will be very intense, 
but the illuminated surfaces will be crossed 
and cut up by caustics and striations of 
great prominence. If, on the other hand, 
the lower half be frosted, the light will be 
much reduced (which does no great harm, 
because almost everyone just now is car- 
ried away by the delusion that the more 
powerful the illumination the better he can 
see than which there is no greater error), 
but the illuminated surface will show no 
trace of striations and the result will be 
good. 

In the cases of many other globes and 


shades, indeed in the great majority, it is 


very difficult to tell just what will be the ef- 
fect, even if the distribution in the mean 
vertical plane (found by spinning the com- 
bination) is known. Globes of the same 
pattern frequently vary widely among 
themselves, and the distribution of a given 
globe varies with the azimuth, so that it 
is altogether too laborious to attempt a cal- 
culation, with the probability in view that 
it will prove fallacious in the end. 

It is herein, in my opinion, that one of 


the greatest advantages of the Holophane 
glass is to be found. As Part I of this 
paper shows, 
excellent, the 


the efficiency of the globes is 
light can be thrown practi- 





FIG. 
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cally in any desired direction, and the dif- 
fusing action is practically perfect. I think 
that this Part will show that they also ex- 
cel in the uniformity existing among indi- 
vidual globes of the same type, and in the 
precision with which they allow the deter- 
mination beforehand of the results to be 
attained—such precision, of course, being 
an important indication of scientifically cor- 
rect design and careful manufacture. 


B. METHOD OF DETERMINING THE ILLUMINA- 
TION ON A SURFACE. 


Given a lamp having a definite distribu- 
tion curve, and situated at a definite height 
above a horizontal plane, to determine the 
illumination at any point of the plane: 

In Figure 1 (drawn full scale), let O be 
the center of the lamp having the distribu- 
tion curve ABE, and let MX’ be the sur- 
face, drawn at a vertical distance OM, be- 
low OX, such that K.OM =the distance 
in feet of the surface below the lamp, K 
being the equating constant, while the 
candle-power along any radius, as OP, is 
given by K’.OB, OB being measured in 
the same units as is OM, = sayin centi- 
meters. 

The intensity of illumination at the point 
P in the horizontal plane will be: 


RK AOB 
iS SUGHOPR 2 

Now, let us lay off OP’ — OP, join B 
and P’, and through M draw parallel to 
BP’, giving us point R. Connect R and P’, 


and through M draw a parallel to RP’ and 
we obtain a point S, and we have: 


OS=OB (Sr): 


e cos OPO 





If through S we draw parallel to OX until 
we reach PO at F, we shall have: 


OF = OS cosQPO=OB ee )’cos PO, 
and it follows that 
1 Ko 
Pen M Ge 


h being the true height of the lamp above 
the plane in feet. 

Continuing this process with successive 
radii, we obtain a curve, as I, 2, F, BE, hav- 
ing O as the origin, OX and OM as axes 
of abscisse and ordinates respectively, such 
that the abscissa of any point multiplied by 
K gives the distance of the point from the 
foot of the perpendicular through the axis 
of the lamp, and the ordinate multiplied by 
K’/h’ gives the illumination at the point in 
candle-feet. It is obvious that, if a given 
type of lamp or globe always gives the same 
distribution curve, the above construction 
gives a plot which will be suitable for 
any candle-power and any height of lamp, 


the values of the equating constants K and 
K’ being changed to correspond. If a point 
receives light from more than one source, 
it is sufficient to sum up the illuminations 
received from the several sources. 

In the figure, if K = 1, 1.e., if Icm. = 1 
ftrandUK’ (==25,,-7.65 1 lecil a= evaie 
power, then the height 6tuthe reer will be 
6.5 feet above the plane, the illumination at 
the point P, distant 5.4 feet from the foot 
of the perpendicular, will be: 


A Oi RE Se 
en re tear st Fry 


feet. 


(1.8) = 0.21 candle- 


C. APPLICATION OF THE METHOD: 


A case to which I have recently applied 
this method, and which furnishes a good 
example of its powers, is that of the New 
Meeting House of the First Parish in Con- 
cord, Massachusetts. 

This building is illustrated in the follow- 
ing plates: 

Fig. 2, half end elevations of the audi- 
torium. 

Higsa3-\ a= platieOiathes vests. and base- 
ment floor. 

Fig, 4, a plan of the auditorium, floom 

Fig. 5, a plan of the galleries. 

Figs. 6 and 7, showing the auditorium 
looking east, illuminated by daylight and 
artificial light. 

Figure 7 and 8, the same, looking west. 

On these plans the location of the lights 
is indicated by round dots, and on Figs. 
3 and 4 the small crosses with attached 
numbers indicate the stations for which the 
illumination was calculated when planning 
the installation, and at which it was after- 
ward determined by direct measurement. 


The first step in the work was to deter- 
mine the total candle-power required in 
the auditorium. This has, allowing for the 
space occupied by the galleries, organ, etc., 
approximately 82,000 cubic feet, requiring, 
on the basis of 0.02 candle-power to the 
cubic foot, a total of 1,640 candle-power. 
It was intended to use twenty No. 3555, 
thirty-four No. 3105 and one No. 16000 
Holophane globes, having absorption, re- 
spectively, of 13.8 and 12.1 per cent., while 
the No. 1600, which had not been meas- 
ured. was assumed to have the same as the 
3555's. Allowing for the relative quanti- 
ties of the several globes, this gave a mean 
percentage of 12.7, and, accordingly, the 
candle-power required would be increased 
to 1,848, while the amount actually used 
was 1,862, as this divided up better, being 
at the same time on the safe side. i 

The No. 3555 is an 8-inch ball, intended 
for pendant use; the No. 3105 is a 6.5-inch 
ball, for upright use, and the No. 1600 is a 
two-piece 16-inch sphere, for pendant use. 
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The 16-inch ball has a distribution not 
widely different from that of the 8-inch 
pendant spheres, and as but one was used, 
and as this one was located in the center 
of a cluster, it was deemed unnecessary to 
make a special plot. 

The two illumination curves are given in 
Fig. 10. 

The general scheme of lighting was to 
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be—a central cluster, a row of ceiling lights 
on either side below the galleries, and a 
row of side brackets over the galleries be- 
tween the windows. 

In the center of the auditorium was 
placed the 16-inch ball containing a 150 C. 
P. lamp, and around it, on a radius of 3 
feet, a circle of eight of the No. 3555 balls, 
each containing a 50 C. P. lamp, the mean 
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distance below the ceiling being about 3 
tect. 

Under the galleries, spaced midway be- 
tween the windows and close against the 
ceiling, were placed No. 3550 balls (which 
are the same as No. 3555’s. only fitted for a 
4-inch shade holder, instead of a 5-inch), 
each containing a 32 C. P. lamp. 
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Over the galleries between the windows 
was placed a row of two-armed brackets, 
carrying No. .3105 globes with 32 ©. -P. 
lamps. The height of these brackets from 
the gallery floor was carefully fixed, so 
that the body of the auditorium was shield- 
ed, so far as possible, from the direct rays 
of the lights by the screen formed by the 
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EAST END—ELECTRIC LIGHT. 
FIG. 6. 
gallery rail (for the center of the audito- mination, however, came out very uniform, 
rium floor was going to be high in illumi- and far better than would have been ob- 


nation at the best), while at the same time tained had the lamps been placed a foot 
the rays were allowed to reach as far as and a half higher. . 


possible under the opposite gallery, to assist On the east wall of the building, right 
in the illumination at that point. It is ob- and left of the organ box, were placed simi- 
vious that this consideration determined the — lar brackets; on the organ front, two three- 
height within very narrow limits; the illu- armed brackets, with. similar globes and 16 





EAST END—DAYLIGHT. 
HIG, 7: 
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the landings of the sta 


on the posts at the foot of the 
were put No. 3550 globes, as well as along 


gallery stairs and between the 
while on the ceiling under the gal- 


were put single armed brackets, 
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FIG. 


The auditorium is finished in a very deli- 
cate blue tint on float-scoured plastering. 
The ceiling is slightly curved, finished to a 
light cream, the cornice white, and all 
woodwork and trimmings white. Behind 
the pulpit the finish is gold leaf, with a 
matt surface and white trimmings, so that 
the only dark portions are the blue carpet, 
the California red-wood pews, and the ma- 
hogany pulpit and organ case at opposite 
ends of the auditorium. 

Some careful measurements upon finish 
of this nature indicated that one might 
safely count on an increase of about sev- 
enty-five per cent. over the calculated illu- 
mination due to diffuse reflection. 

A. surface upon which to lay out the illu- 
mination was now chosen at 4 feet above 
the floor, that being about the average 
height of hymn books during singing by 
the congregation. 


Several typical points were now chosen, 
the lights affecting these carefully located 
on the building plans (though no_ light 
more than 50 feet away was considered), 
the distances measured, and the illumina- 
tion determined. The location of the lights 
was then changed somewhat and the calcu- 
lation repeated, the location finally chosen 
being that which on the average turned out 
best ; it being decided to keep, so far as pos- 
sible, between the values of 1.0 and 1.5 
candle-feet. 


Thus, suppose we consider Station 9, 
which is shown on Fig. 4; the lamps af- 
fecting this are shown marked with Roman 
numerals on Figs. 4 and 5. Table I 
shows the final estimate. 






















































































RO: 
TABLE I. 

Distance in Illumi- 

feet from foot nation in 

Lamp No. of perpendicular. candle-feet. 
I 29.0 0045 
2 15.5 0525 
Z 3.0 .4800 
4 II.O .II00 
5 2405 .0200 
6 Shaded .0000 
4) 30.0 .0200 
8 52.0 PP 
9 45.0 0090 
10 44.00 .OTOO 
II 45.0 0090 
12 49.0 0050 





The illumination sums u~ to 0.72 candle- 
feet. Increase this by 75 per cent., and it 
is 1.26 candle-feet, a number fairly within 
our limits. 

It was found afterward by measurement 
that at this station the actual illumination 
was 1.24 candle-feet, a difference of less 
than 2 per cent. This, I may add, is an 
exceptionally good point. 

When this exact location for the lights 
had been determined, large scale plois of 
the illumination curves were made, and the 
‘Jumination at seventy-five stations was 
calculated, to be sure that no serious dis- 
crepancies had crept in. These seventy-five 
stations were all on one side of the audi- 
torium, it being assumed that the other 
cide would be symmetrical with the first. 


D. MEASUREMENT OF THE ILLUMINATION. 


For the determination of the illumination 
obtained, I used a Leonhard Weber Port- 
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able Photometer. The white card sup- 
plied by the makers was used and no opal 
screen was inserted, as it was possible to 
get readings without one. Instead of the 
benzine standard belonging to the instru- 
ment, a small incandescent lamp was used. 
This lamp had been aged and wag run at 
considerably less than its rated voltage, 
being supplied from a good-sized storage 
battery of three cells. The voltage on the 
lamp was 3.50, being maintained constant 
by the aid of a suitable, finely divided re- 
sistance and a carefully calibrated Weston 
voltmeter. This secondary standard was 
calibrated against a Hefner Standard lamp 
and a curve (Figure 11) drawn giving di- 
rectly the illumination on the white card 
in terms of the graduated scale on the 
Photometer. Because of the color differ- 
ence between the Hefner and incandescent 
lamps, it was found necessary to use the 
red and green diaphragms in the eyepiece 
during calibration, but for all the rest of the 
work the colors were so nearly alike that 
the clear eyepiece was entirely satisfactory. 
Table II gives the values found during 
calibration. 

When in use the photometer was mount- 
ed on a tripod and fitted with a swinging 
arm, so that the white card could always 
be brought into the same position with ref- 
erence to the photometer. Settings could 
be. made with rapidity and ease, in every 
case a series of settings being made and the 





mean. recorded. 


i20 


Taare’ Le 





Scale reading Iumination on Card. 


in mms. Before test. After test. 
80 3.28 325 
go 2.58 2.60 
100 2.10 ZT 
110 7 1.70 
120 1.45 1343 
130 1.25 1.28 
140 O7 1.04 
150 .930 .gOO 
160 822 seni 
170 731 735 
180 654 649 
190 580 57n 
200 523 520 





The principal difficulty’ 
found was in getting the card and photo- 
meter into the proper relative positions 
without shading the card from the light of 
some one of the nearer lamps, but in the 
ereat majority of cases this was accom- 
plished finally. At Stations 19, 23, 27, 28, 
and 31, however, there was a certain small 
shading effect which was found unavoid- 
able. 

Table III gives a summarv of the  re- 
sults. The first column gives the number 
of the station, the second the calculated il- 
lumination, the third the same quantity as 
measured, and the last the percentage dif- 
ference between them. 


140 160 180 200 


MKC Al ik 
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. Dacre 1 
No. of Illumination as 12 
errcent.. ~No. oF Illuminati 
Ben Calculat : umination as Per cent 
: i ae oS difference station Calculated Measured aiiterente 
: ue 2 5.0 43 I. 30 1.32 oe 
: ie Bae 5-0 44 T.20 re Ceo 
Yi a, ae ae e hey L2G a5 
5 Eee 130 1.00 10.0 ; ae Lay aah 
6 0.98 100 Deo of ie ae owe 
J iq de2 1.00 12320 a i ae ae 
i ace Te 4 O10 50 UB ts 7356 3.8 
2 ae nie 10 51 Ie OE 1.69 rale. 
a oe oat 258 52 Taga 12,50 32 
se as EyO4 Byers 53 ces! 1.50 237 
ie ae! ie OA 54 I.40 Ted 28 
: ; 27a 55 £232 i730 “0 
a a ee Lne7 56 Te2o a eXO) ae 
; . Bs 57 ig Ke) gee: ino 
i 1310 Ree On7 58 0.80 0.90 ita, @ 
zm oe PA 7 i 59 Oa 7G 0.95 16.8 
Ted. Te52 ie 60 O07 Le 20 1952 
19 L300 L200 Q.9 61 0.88 ino 25.4 
20 1.16 i. 20 353 62 O205 Leho 250 
21 ee ely Ane 63 Or od LER) 22 
22 1.00 1.05 48 64 0.89 she 2350 
23 t7O3 O97 Oke 65 OnO5 0.99 LAs k 
24 Tx 2 3 ge ae. 3.4 66 O07 1.10 LiLo 
= % T..210 base 67 OHO L505 HLA 
i 12 i 20 5 <0 68 0.98 100 Og 
a7, Lats 1.06 os 69 1.04 ko One 
28 1.00 0.98 Sat 70 Cn32 0.90 8.9 
29 17.00 ie O15 O10 via ©.90 0.96 O23 
30 eines Leonia D Tis. i. 0.70 Oils 6.6 
Ob i132 100 O13 72 0270 0.80 T2ee 
22 age) LO7 8.4 74 LOO i: OO ORO: 
23 12 125 4.0 is LEO 120 3.3 
34 T..20 Tae 6 6.7 76 0.80 0.86 fate) 
35 L220 I 30 5 0 Ha 0.82 On07 5.8 
26 E27 i ge 510 78 0.86 Os 77 Lie 
Bo) ett eo 5.0 70 Ony2 o.81 eee! 
38 Hs03 1.08 4.6 80 O.gI 0.80 13.8 
39 L700 On0)5 Ges 81 0.95 O.07 255 
40 120 D2 AiO 82 Lisa Ee E.10 Be 7, 
4I dase 4 Haak Oe 83 Too 1.09 0.9 
42 TO Peeexe) LAO 


E, DISCUSSION OF RESULTS. 


In this table the mean value of the per- 
centage difference between measured and 
calculated values is 6.6 per cent., the maxi- 
mum being 27.2 per cent. and the minimum 
0.0 per cent. There are, however, only sev- 
enteen stations where the difference ex- 
ceeds I0 per cent., and many of these can 
be readily accounted for. Thus, Stations 
58 to 68, inclusive, are those where the 
greatest difference exists, and these are the 
very ones which are most affected by the 
five small hidden lamps behind the arch, 
back of the pulpit, the effect of which was 
not taken into account in the calculation; 
as their exact location depended upon the 
detail of the plaster and papier-maché work, 
which was not at hand till long after the 
calculations were made. These lamps seri- 
ously affect points 60, 61, 62, 63 and 64, 
and I, of course, relied upon them to bring 
up the illumination where it belonged; but 


I doubt if they wouid have had a large ef- 
fect upon the remainder of the group, and 
doubtless some others, had it not been for 
the large amount of gold leaf used behind 
the pulpit, which was an after thought, not 
put on until almost the last moment before 
dedication, and the reflection of which I 
know to be large, but which naturally was 
not allowed for. I have not thought it wise 
to recalculate these points, as it is interest- 
ing to see what sort of an effect will arise 
from such changes. 

Again, Stations 76 to 83 are in the vesti- 
bule, where the tint on the walls is buff. 
In this case no allowance for reflection was 
made, as the tint was a late decision. I 
imagine that 78, 79, and 80 are more 
affected, because they are at those points 
where the diffuse reflection is propor- 
tionately greater. Stations 81, 82, and 83 
are fairly close under the dish in the 
centre of the ceiling, and 76 and 77, to the 


988 


ball in the alcove. If we omit Stations 
58 to 68, inclusive, the percentage 
difference falls from 6.6 per cent. to 4.8 
per cent., and the maximum difference will 
be 13.8 (this being one of the vestibule 
stations ). 

There are, as calculated, twelve stations 
where the illumination falls under our 
lower limit, because of shading by columns, 
etc. (this omits Stations 60, 61, 62, 63 and 
64, for the reason noted above, and all 
stations beyond 75, because the same limits 
were not there imposed as in the audi- 
torium), and four which rise above the 
upper limit. 

The measurements give similarly twelve 
falling under and three rising above. 

The mean value as calculated, again 
omitting the same points, is 1.16 candle- 
power, while by the measurements it is 1.17. 

As calculated, the highest value is 1.61, 
the lowest 0.70; while by the measure- 
ments the highest one is 1.69; the lowest, 
0.75. . 

In. view of this, Lothink 1¢ fair ‘to\say 
that where the value of the reflection co- 
efficient is fairly well known, and where 
this type of shade is used, one can, with 
careful work, come within about 6 per 
cent. of his calculations. 

Figure B shows a number of stations 
marked in the vestry and parlor. 
vestry has an arched ceiling. It is finished 
with green walls, float-scoured, and with 
ted-oak wainscot, doors, and trimmings. 

I would like to have lighted this by con- 
cealed lamps behind the cornice (which 
just shows on Plate I), but it was not 
deemed best. It is lighted by a 150 C.-P. 
lamp in a 14-inch Holophane ball, hung 
in the centre of the ceiling, and four two- 
branch side brackets on the walls, as 
shown, fitted with 32 C.-P. lamps and No. 
3105 globes. No calculations were made 
for this room (except candle-power per 
cubic foot, which was made to have a 
value of .o22). The measurements at the 
marked points give a mean value of 2.1 
candle-feet, ranging between a maximum 
under the ball of 2.29, to a minimum of 
1.88 on the diagonal midway between ball 
and corner of the room. 

Calculation of a number of points seems 
to show a value of diffuse reflection from 
the walls of about 35 to 40 per cent. 

Similarly in the parlor, which is finished 
with terra cotta walls—white, flat ceiling 
and white trimmings—the folding doors 
being paneled with tapestry, the mean 
illumination on the floor at the marked 
points is 2.25 candle-feet (produced by 
two ceiling clusters of four 16 candle- 
power lamps each, fitted with pendant 6%4- 
inch . Holophane, Class B, balls), and a 
calculation of the illumination at a number 
of points suggests a value of diffuse 
reflection of about 45 per cent. 


The; 
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In neither of these rooms was it thought 
worth while to design the illumination with 
the care used in the case of the main 
auditorium, and higher values were allowed 
because the varied uses of the two rooms 
made a stronger illumination at times 
desirable. 

In another case a hall was to be lighted, 
the location of the lights being fixed by 
the wiring, which was already in placc; 
but it was desired to improve the illumi- 
nation, which was rather poor; due to the 
facts—first, that the lamps, which origi- 
nally were simply frosted bulbs, did not 
distribute in the proper manner; and sec- 
ond, that the candle-power per cubic foot 
was low. The hall is approximately 
48’ x 60’ x 24’ high; it is used for public 
meetings, dances, lectures, theatrical and 
other entertainments, etc. The lamps were 
arranged in a line around the sides of the 
hall, on the ceiling close to the walls, and 
in the center of the ceiling was placed a 
circle of twelve lights, the lamps hanging 
about 3 feet down. Under these conditions 
the effect was something as follows—there 
was a marked bright spot in the center, 
and the illumination fell off gradually to- 
ward the walls, in no place being over .85 
candle-foot, and the average being about 
.65 candle-foot. The change made was to 
replace the side lights by clear bulbs; to 
make the central ring double the diameter 
of the original (or 18’), and to put clear 
glass, 50 candle-power lamps there. ‘This 
done, the side lamps were then fitted al- 
ternately with Holophane stalactites, No. 
3150 (throwing the maximum light off at 
45°) and No. 3350 (throwing it directly 
downward), while the central ring was fit- 
ted with dishes of similarly alternate ac- 
tion. The result was that the illumination 
was raised to a mean value of 2.00 candle- 
feet, the maximum found (out of seventy- 
five equi-distant points) being 2.12, and the 
minimum being 1.92. 

It is just as easy to calculate what the 
result will be in simple cases, using opal 
globes, ground glass balls, etc, as with 
Holophanes, because the distribution curves 
are similar in different azimuths; but it 
is not so simple to calculate and produce 
a given scheme, because one does not have 
the same effective method of producing 
various distribution curves in the same 
character of globe, and of combining these 
according to necessities of the case. Simi- 
larly, one can by many types of reflectors 
produce distribution curves as desired, but 
diffusion is either absent or imperfect; and 
in many cases the distribution curves differ 
in different shades and in different azi- 
muths in the same shade, so that each 
shade strictly ought to be adjusved to ex- 
actly the desired position and then always 
returned to the same. With the Holophanes 
all this difficulty is avoided. 
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FOREIGN ITEMS 


EXPERIMENTS ON CARBON, OS- 
MIUM, AND TANTALUM LAMPS 
By J. T. Morris. 


From The Electrician, London, Dec. 14, 
1900. 


The experiments described below were 
undertaken with the object of ascertaining 
how variation of voltage affects the candle- 
power and efficiency of certain recent types 
of filament lamps. The Paper is divided 
into three sections: Part I., Effect of Volt- 
age Variation when Lamps are Supplied 
with Direct Current; Part IJ., Instan- 
taneous Variation of Candle-power when 
Lamps are supplied with Alternate Cur- 
rents; Part III., Ratio of Mean Spherical 
to Mean Horizontal Candle-power, Lumin- 
ous Efficiency and Life. 

The lamps submitted to the tests were 
carbon, osmium and tantalum lamps. It 
should be borne in mind in considering the 
results obtained that these must be accept- 
ed with a certain amount of caution, on ac- 
count of the fact that in most cases only 
one lamp was tested. 

The practical outcome of these tests is 
that for an ordinary carbon filament lamp, 
as is well known, a rise in pressure of I 
per cent. means a rise in candle-power of 
from 6 to 7 per cent., whilst with the 
osmium lamp 1 per cent. in voltage means 
AY, per cent. in candle-power, and with the 
tantalum lamp a corresponding change in 
voltage gives 4% per cent. change in 
candle-power. In the case of the relation 
of watts expended to candle-power, for 
carbon filament lamps the candle-power 
varies as the cube of the watts, whilst with 
the tantalum lamp it varies as the 2%th 
power of the watts. 

A fact that has not received much at- 
tention is the effect that metallic filament 
lamps will have on a machine running on 
a lighting load. If for any reason the 
pressure fails and the whole load is swithed 
on again at full voltage (the normal cur- 
rent being, say, 100 amperes), then the 
momentary current on closing the switch 
will be for carbon filament lamps 50 to 60 
amperes, whilst for tantalum lamps 630 
amperes, and for osmium about 790 am- 
peres. Doubtless these effects are largely 
diminished by the inductance of the cir- 
cuits, but with a metallic filament, lamp 
load the effect should be plainly noticeable 
in the increased sparking at the brushes 
of the generator, not to mention at the 
switch contacts. 

The filaments of the lamps tested were 
examined with a view to obtaining their 
dimensions. The diameters were measured 


by means of a fairly powerful microscope, 
and these measurements were afterward 
checked by the use of a micrometer gauge. 
_ It was found that for carbon lamps work- 
ing at 110 and 220 volts, as well as for 
tantalum lamps, the mean spherical candle- 
power per square centimeter of surface is 
between 13 and 25. 

Considerations affecting the Life of Fila- 
ment Lamps.—lIt is an interesting fact that 
for thin filament lamps working at low 
frequencies the mean candle-power ob- 
tained from a lamp on a direct voltage is 
not necessarily the same as the mean 
candle-power of the same lamp running on 
an alternate voltage of the same root mean 
square value. 

At a frequency of 30 cycles per second on 
alternating current the tantalum lamp gave 
no measurable change in candle-power from 
the result obtained for direct current, while 
the 5 c.-p. 220-volt carbon filament lamp 
gave about 2 per cent. increase. At a fre- 
quency, however, of 60 cycles there was no 
appreciable change in candle-power in pass- 
ing from direct to alternating current. A 
Duddell-Mather wattmeter in connection 
with an anti-capacity non-inductive resist- 
ance was used to ensure that the same 
power was supplied in both cases for each 
lamp. In the case of the 5 c.-p. 220-volt 
carbon filament lamp under the above con- 
ditions it is worthy of note that the volt- 
age on the alternating-current circuit was 
about %4 per cent. lower than on direct 
current, and therefore if the test were car- 
ried out at constant voltage the probable 
change in candle-power in passing from 
direct current to alternating current would 
be about 3 per cent. 

It has been stated by Robertson, amongst 
others, that a carbon lamp lasts longer on 
an alternating circuit than on a direct cir- 
cuit of the same voltage. This effect has 
hitherto been ascribed to the same cause as 
the effect noticed by Kelvin on direct cur- 
rent—that the lamp lasts longer if the 
polarity is often changed. A certain pro- 
portion of the former effect, however, can 
be accounted for by the candle-power 
fluctuations and the relations existing be- 
tween life and efficiency. For example, in 
the case of the 220-volt 5 c.-p. carbon lamp 
run at a frequency of 30 cycles, we get: 

1. Assuming candle-power variation to 
be a sine wave of amplitude, that life varies 
asus Cc; 5S and that mean candle- 
powet 1s unchanged—theoretically, life on 
alternate current is 1.3 times life on direct 
current. 

2, Assuming candle-power variation to 
be as obtained, and making other as- 
sumptions as above—theoretically, life on 
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alternate current=I.4 times life on direct 
current. 

As no reliable figures are published giv- 
ing the law connecting efficiency and life 
for tantalum lamps, the magnitude of this 
theoretical alteration of life has not been 
worked out; but it is fairly clear that it 
would be an increase, provided, of course, 
that the maximum temperature attained 
during one cycle is not sufficient to melt 
the filament. This being so, it is at first 
sight rather remarkable that a decided in- 
crease in life should be noticed when the 
tantalum lamp is run on an alternating- 
current circuit. When we consider, how- 


ever, how near the filament at normal volt- : 


age is to its melting point, and also bear 
in mind that it is alternately heating and 
cooling (this alternation takes place at 
twice the frequency of supply) and that 
consequently it is subjected to repeated 
stresses, it is possible that part of the de- 
crease in life is due to this, and resembles 
the breaking of a bar by the repetition of 
small stresses well within the elastic limit. 

The tantalum filament apparently ex- 
pands a fair amount when it is heated to 
its normal temperature, and this expansion 
causes the lamp to emit a sound immedi- 
ately on switching into circuit, the noise 
being due to the filament moving over the 
wire supports. 

After burning for some time the filament 
' changes its nature and becomes, as is well 
known, more crystalline. When new it ap- 
pears as a straight parallel sided wire. but 
after burning for some time it assumes a 
more or less disjointed appearance, as if it 
had been cut into very small pieces and 
these pieces .had been fitted together with- 
out proper alignment. 

These results would seem to indicate that 
one direction in which an increase in the 
life of the tantalum lamp could be obtained 
when used with alternating currents would 
be in giving greater freedom to the fila- 
ment—if feasible, a freedom similar to that 
which the filament of the ordinary carbon 
lamp possesses. Possibly it might be found 
to answer the purpose to replace the usual 
zigzag of straight filament by a corres- 
ponding arrangement made from a piece of 
tantalum wire previously wound in a very 
fine spiral. The author is unaware whether 
this arrangement has already been tried 
or not; it is merely thrown out as a sug- 
gestion, as the experimental results seem 
to indicate that this might be a partial 
remedy. 


—_____. 


THE HARRISON UNIVERSAL PHO- 
TOMETER 


From The Electricale Times, 
Dec.- 27, 1906. 
The accompanying diagram shows the 


arrangemént of Mr. Haydn MHarrison’s 


London, 


portable photometer, which was referred to 
in last week’s issue. ‘The instrument is 
very similar in design to that devised by 
Messrs. Preece and Trotter, with the ex- 
ception that it is provided with a: flicker 
head, on the Whitman principle, and, 
therefore, is suitable for measuring light of 
a color differing considerably from the 
standard lamp. In order to make the in- 


strument portable and compact the photom- 
eter bar and sliding lamp are replaced by a 
reflecting screen, the angle of which is 
varied. . 





DIAGRAM OF THE HARRISON PHOTOMETER. 


The component parts of this instrument 
and their general arrangement will be seen 
at once in the diagram without the neces- 
sity of refernce letters. They are a flicker 
head, which includes a sector in the form 
of a disc driven by an air blast; a reflect- 
ing screen attached to a pointer, which 
gives it the necessary angular motion and 
indicates the angle; a mirror by which the 
degree of illumination of the screen can be 
observed through the telescope; a battery; 
and a standard lamp. Not shown in the 
diagram are a plug key for connecting the 
standard lamp, and a sliding resistance for 
adjusting the instrument, should the stan- 
dard lamp change or a new one be required. 
A tripod stand is provided to bring the in- 
strument to a convenient height for mak- 
ing the measurements, and a spirit level, 
lens and quadrant for ascertaining the angle 
of incidence of the light rays. The total 
weight of the instrument is 18 tb with the 
stand, 15 fb without, and the dimensions, 
excluding the stand, are 13 inches by 9 
inches by 6 inches. The general air of the 
thing is something that of a small photo- 
graphic camera shut up close. 

The scale is calibrated in candle-feet, and 
the instrument is therefore an illumination 
meter. To use it as a photometer one has 
only to measure in feet the distance of the 
light observed and square that number. It 
is this point that makes the instrument 
suitable for measuring any and every lamp 
it meets. The scale has a tenfold range, 
and to attack a glow lamp the instrument 
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is set down about 10 feet off it, while 
for arcs one would keep from 30 to 60 
feet off, according to what they looked like. 
Having set up the instrument, all that is 
necesS*fy is to rotate the sector disc by 
means of an air pressure bulb provided. 
The standard lamp, having been lightea by 
inserting the plug, the pointer can be 
moved until the position is arrived at, when 
the operator, looking through the telescope, 
can see no flicker. The pointer will then 
read the illumination in candle-feet at that 
distance from the light, and the candle 
power is then obtained by multiplying the 
figure read by the square of the distance in 
feet. The only correction required will be 
due to the lamp being (usually) not level 
with but above the photometer. For this 
purpose the angle of incidence is measured 
by the lens and quadrant attached, but this 
correction need not generally be taken into 
consideration, if the angle does not exceed 
25 degrees; and the correction is scheduled 
on the scale, and, therefore, does not entail 
much trouble in any event. The designer 
says that the instrument is accurate to 
within 5 per cent. It is to be put on the 
market at once by Elliott Brothers at ten 
guineas. 


GAS LIGHTING IN YARMOUTH 
PARISH CHURCH 


From Journal of Gas Lighting, London, 
Dec. 18, 1900. 


In the Journal for the 28th of August, 
we quoted from a local paper some ap- 
preciative remarks as to the improvement 
which was then being effected in the light- 
imewotethe farish Church at. Great Yar- 
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mouth, by the substitution of the incandes- 
cent gas system for the flat-flame burners 
previously in use. The work was placed in 
the hands of the Gas Company, and it has 
now been completed under the personal 
supervision of Mr. Charles Ellis, the Super- 
intendent of the Distributing Department. 
The church is the largest in the United 
Kingdom, measuring 230 feet in length, 110 
feet in breadth, and 148 feet across the 
transepts, and though the neighboring 
cathedral at Norwich, which owes its ex- 
istence to the same founder (Bishop Her- 
bert de Losinga) exceeds it in total length 
by about 180 feet, it is only 72 feet in 
breadth, while the measurement across the 
transept is but 30 feet more than the 
church. It will be seen, therefore, that 
lyir. Ellis had an unusually large interior— 
an area of no less than 23,265 square feet 
to deal with; and some idea may be formed 
from the accompanying photograph as to 
the effect of his labors. As mentioned in 
the August issue, the standards, which have 
been cleaned, lacquered, re-polished, and re- 
arranged, have four branches, two of 
which carry incandescent burners, and the 
others flat-flame burners to be used as 
auxiliaries. The incandescent burners are 
No. 4 Welsbach Kern, fitted with anti-vi- 
brators, and enclosed in obscured globes. 
There are altogether 110 of them, and they 
take the place of about 300 flat-flame burn- 
ers consuming, on an average, 6 cubic feet 
of gas per burner. Their combined il- 
luminating power is upwards of 10,000 
candles with a greatly reduced consump- 
tion of gas. We have not had an oppor- 


tunity of judging of the effect, but we learn 
from a local paper that the light produced 
is a “beautifully soft and restful one,” that 
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the manner in which it is modified at times 
during the service is most satisfactory, and 
that the Church Council are very pleased 
with the result. It only remains to say that 
the photograph reproduced was the result 
of an exposure of only four minutes, owing 
to the intensity of the light. The grand old 
church of St. Nicholas, Great Yarmouth, 
which has a life-history of about 800 years, 
may now claim to be not only one of the 
largest, but also one of the best lighted of 
our English parish churches; and all who 
have been associated with the latest im- 
provement in the fabric—the Church Coun- 
cil. -for initiating: it...and. Vira. Eulisa and 
Messrs. Hulett for so effectively carrying 
it out—are to be heartily congratulated up- 
on the outcome of their combined efforts. 





INDIRECT ILLUMINATION 


By E. ScHILLinc, MuNIcH. 


From the Journal fiir Gasbeteuchtung, 
December 8, 1906. 


Again some new tests of indirect il- 
lumination have made their appearance. 
Prof. L. Weber, of Kiel, on Aug. 30 and 31 
of this year made measurements of a trial 
installation of indirect incandescent gas 
illumination in a small furnished room 
of the Physical Institute of the firm of 
Julius Hardt, of Hamburg, which have de- 
termined anew the advantages of indirect 
illumination and the cheapness of gas 
lighting. 

The illumination of a room 5.8 by 4.8 by 
4:18m was effected indirectly by a lamp in 
_the center of a white ceiling fitted with 
two Hardt incandescent gas lamps, which 
had a horizontal intensity of 115.8 and 
143:5 UL) ofsa, totaluol, 20 cen withes 
gas consumption of 156 to 170 liters, a 
total of 326 liters. The center of the light 
_source was 6ocm below the ceiling. The 
-measurements were made I.Im above the 
floor, with lamps having various kinds of 
reflectors, and gave the following intensi- 
TES 
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necessary for indirect illumination by no 
means decreased the illumination, but 
rather increased it, as compared with that 
from bare lamps. This latter is explained 
by the fact, that in the case ofsm bare 
lamp a large part of the rays proteeding 
directly from the lamp fall on dark sur- 
faces, such as the floor and dark walls, 
and consequently a great deal of illumin- 
ation is lost, while the dazzling white 
screen throws all these rays on the white 
wall, and thereby increases all the light 
falling vertically. The hygienic advantage 
of a lamp which does not dazzle the eye 
is obtained with fear of decreasing the in- 
tensity at the height of the table. This 
will also be the case when the walls are 
somewhat less white. 

The measurements taken in the use of the 
white japanned metal reflector gave a mean 
horizontal intensity of 30 Lux for a 326 
liter gas consumption. In a floor space of 
27.8' sq, mi, -0.3 HikKwiths tl 7suliterceoas 
consumption were necessary per sq. m., in 
order to produce 30 Lux 1.1m above the 
floor. 

Weber compares the cost of gas con- 
sumption with that of the current con- 
sumption in the Bremen laboratory. In 
that case the currrent consumption, esti- 
mated for a similar intensity of 30 Lux, 
showed 13.3 watts for I sq. m floor space 
(the walls of the testing rooms being en- 
tirely white). 

At a gas price of 20.Pf and a- current 
price of ‘5o° Pf, the cost of«eleétric l- 
lumination with Tantalum lamps amounts 
StS ae Bites the omeehe 
Wc WES 20 
gas illumination in question. 

Weber takes up the Munich tests by 
way of comparison, and comes to the con- 


_ clusion that the efficiency of the gas con- 


sumption in the room of the Technical 
High School in Munich may be possibly 
2% times less than his measurements men- 
tioned here. But Weber, regardless of the 
incorrect estimate already referred to, goes 
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With opal glass there was a little im- 
provement over the white japanned plate 
reflector of possibly 5%. 

The intensity in the space under the 
lamps in the case of the half distributed 
illumination by means of the hemispherical 
opal glass shade was just as advantageous 
as the most favorable arrangement of the 
metal reflector. 

Weber remarks at this point: “It was 
shown in this connection at once, that 
under the given conditions the reflector 


upon the erroneous supposition that the in- 
tensities were measured in Munich in red 
and were multiplied by the factor 2.5. 
As is explicitly noted in the report on the 
Munich tests, all the measurements were 
made in white with the aid of the frosted 
glass disc of the instrument when the 
telescope was directed perpendicularly. 
The gas consumption, which produced an 
intensity of 88.47 Lux in the room of the 
Munich Technical High School, whose di- 
mensions were I50 sq. m by 4. 8 m in 
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height, was 5746 liters, and therefore for 
TE ON OO-47 

5746 X 30 
12 ltters, thus: not essentially differing 
from Weber's measurements, in spite of the 
entirely different conditions of the experi- 
ment. 

The favorable result of the Munich ex- 
periments, which have been confirmed by 
Prof. Roth, in Zurich, has been empha- 
sized anew by Weber, in that the efficiency 
of gas consumption in indirect illumination 
is about 2.8 times than of tantalum lamps. 
Reibmayr has worked on illumination by 
direct light from sources placed high. 

Electric incandescent lamps, having oval 
reflectors of transparent ribbed glass, are 
placed directly beneath the ceiling, and 
distributed uniformly over it. Measure- 
ments were made with the Weber photo- 
meter, and included the determination of 
the intensity as well as the distribution. 
The measurements were made with the in- 


30 Lux and 1 sq. m floor space 
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candescent lamps of 16 and 32 HK. Un- 
fortunately, no measurements were taken 
in this test of the current consumption, so 
that no statement can be made of. the 
efficiency of this arrangement. The 
measurements, which were made of the 
waste of light in both direct and indirect 
illumination, show that the waste of light 
which occurred in the indirect illumination 
by the wider distribution and by the ab- 
sorption of the side walls, is much less in 
the direct lighting. The intensity of indi- 
rect light has been lessened on an average 
about 31.1% in the comparative measure- 
ments taken. If, on the other hand, a 
stronger shadow were expected, then the 
tests in question show that the direct light 
from the ceiling is not inferior to the in- 
direct light either in respect to the light 
distribution or the shadow effect. 


The following table shows a very clear 
comparison of the most important results 
of the tests. 
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Reibmayr summarized the results of his 
investigations as follows: By direct light 
from ceiling fixtures an illumination ans- 
wering all hygienic requirements may be 
ottained which is especially adapted to the 
particular needs of school rooms, audi- 
toriums, class drawing rooms, etc., since: 

t. By this method an illuminating effect 
is obtained commensurate with the quality 
of light used. The illuminating power ob- 
tained remains constant, especially with the 
larger installations of incandescent lamps. 

2. The distribution may be considered 

satisfactory, being inferior in no way to 
diffused indirect illumination. The room 
is lighted equally in all its parts; there are 
no unpleasant contrasts, and no_ light- 
source in a position disturbing to the vis- 
ion. 
3. The loss of light by shadows is small, 
and the shadows presented are not at all 
troublesome, since they are faint, and there 
is a very gradual change from the darkest 
shadow to full illumination. 

4. Glare, and the effect of radiated heat 
are prevented by the height of the light- 
sources. The light-sources lie entirely out 
of the line of vision. 

5, In the particular vcase” of the electric 
incandescent light there is no contamination 
of the air, and no excessive radiation of 
heat. The electric light has the advantage 
of being switched on or off quietly, easily, 
and satisfactorily, which makes this meth- 
od of illumination especially desirable. 

6. This method of illumination has both 
a decorative and aesthetic effect (Rubner), 
because produced by a number of small 
light-sources. 

The writer further expresses his opinion 
that the intense white of the ceiling, and 
the frequent necessity for whitewashing it, 
may not be as necessary as in the indirect 
method illumination. This saving, in con- 
nection with the lesser amount of lght 
necessary for a specified illuminating effect, 
quite balances the higher price of direct il- 
lumination by the incandescent electric 
light placed high. From the foregoing er- 
roneous investigations by Weber, it would 
appear that there would have to be spent 
for direct electric illumination with Tan- 
talum lamps almost double the cost of 
indirect illumination by gas, whereas there 
should be assumed to be a saving of 31% 
over indirect illumination. 

In conclusion, Reibmayr draws attention 
to the fact that a similar direct illumin- 
ation from above may be had with an in- 
verted gas light. From the superior effi- 
ciency and distribution of this light there 
are obtained certain further advantages 
with gas illumination in connection with 
the saving of gas by placing the lamps 
near the ceiling. It would be of the great- 
est interest if there were published, in ad- 
dition to these notes of this personal view 


of the writer, the real practical cost of 
operating these installations of illumin- 
ation. 


—_——___— 


CALCULATING AND MEASURING 
STREET ILLUMINATION 


By F. UpprENBORN. 


From Zeitschrift fiir Beleuchtungswesen, 
November 30, 1900. 


In No. 38 of the Journal fir Gasbel- 
euchtungswesen, Dr. Hugo Krtss_ has 
shown that not only the photometric 
measurements of the actual illumination 
of a street are of interest but their theo- 
retical calculation as well. According to 
my view, entirely too much weight is laid 
upon both, especially in the case of gas 
illumination. In the following let me ex- 
plain my view of the matter. 

Prof. Dreschmidt and Dr. Kruss main- 
tain that the proper basis for calculating 
street illumination is the intensity on a 
surface perpendicular to the street. This 
view I cannot entirely endorse. In 1880 
I published formulas for street illumi- 
nation, in which I set forth the principles 
of illumination on a horizontal plane as 
well as of pavement illumination. I do 
not agree with the contention that the 
greatest need in street illumination is found 
in thé case. Of <4 search for alostscom 
Kriiss on the contrary holds that in pass- 
ing to and fro only the side of the ap- 
proaching person or vehicle turned toward 
the observer is to be considered. 

I cannot take this view, for vehicles 
must be lighted at night according to 
official orders, and people are easily per- 
ceived by very defective illumination. Ac- 
cording to Kriss, street illumination by 
horizontal radiation would be entirely 
satisfactory. But it is really the most un- 
satisfactory, for interior, as for street il- 
lumination. By far the most favorable il- 
lumination is obtained from light falling 
obliquely. If Kriss’s views were right, 
any given street could be illuminated with 
a search light; but it is a well-known fact 
that such a method of lighting would be 
entirely useless. 

According to Krtiss & Dreschmidt’s 
view, streets lighted with low gas lamps 
would be illuminated just as well as with 
arc lamps erected at a great height. Ac- 
tual observation shows that the streets il- 
luminated with arc lamps of equal inten- 
sity are much better lighted than with 
gas lamps placed low. It is to be further 
observed, that increased illumination at a 
given point in a street by a larger number 
of light-sources is possible only when the 
vertical components of illumination, as well 
as the pavement illumination, are taken 
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into consideration. 
mal illumination is: 


I I 
poy pee bork 22 

In which I indicated the intensity of the 
lamp, I the distance from the lamp to the 
illuminated test surface, h the height of 
lamps above the pavement, and r the dis- 
tance of the point directly below the lamp 
on the illuminated test surface. The fol- 
lowing equations give the illumination at 
a given point on the pavement. 


Peco cos: B..sin B 


The equation of nor- 


E,=E, cos a= 
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It is evident from this that the normal 
illumination for cos aI or ao, coincides 
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with the pavement illumination. In all 
other cases the normal illumination has a 
much greater value. It is plain from the 
formulas which I have given that the 
height of lamps is an important consider- 
ation, and my original investigations were 
directed toward determining the best 
height for the lighting of a given area, un- 
der the assumption that the intensity was 
equal at all angles. It will be understood 
from this that in 1880 the distribution of 
the arc lamp at different angles was not 
known. Dr. Krtss, in his work referred 
to above, has worked on this assumption, 
and on this basis has calculated the nor- 
mal illumination for various arrangement 
of lamps. In practise, it will be hardly 
possible to accomplish anything with these 
estimates, for this assumption does not 
hold good with lamps intended for street 
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illumination, and therefore another method 
will be taken than the one described by 
Drs Kriss. 

For many years the following method 
for the more important illumination has 
been used at my suggestion in Munich. 
First of all the curve of illumination on 
the pavements is determined for the light- 
sources in question, most of which are arc 
lamps of 9-10 amp. This can be done in 
the well-known way from a polar diagram, 
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FIGS. 3 AND 4. 











but is also to be obtained by direct obser- 
vation. As an example of such obser- 
vation, a Siemens-Schuckert Co. lamp and 
a Korting & Mathiessen Excello-lamp may 
be taken, with white and yellow carbons. 
In Fig. 1 the outline of arrangement is 
given. The illuminating values on page 998 
result at the locations indicated in Fig. 1. 

From these values the curves shown in 
Fig. 2 are obtained. In estimating the in- 
tensity the illumination at a given point 
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on the pavement resulting from all the 
lamps under considerations is summed up. 
The same was done for the illumination of 


Maximilian’s Bridge. 


In order to carefully consider the distri- 
bution of illumination, curves may be con- 
structed giving the points of equal il- 
lumination on the pavement. 
lux” curves thus constructed for the Maxi- 
milian Bridge are shown in Figs. 3 and 4. 

In the calculations, four different plans 
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were laid, the curves in Figs. 3 and 4 ap- 
In reality, this plan was 
somewhat altered when it was executed. 
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FIGS. 5 AND 6, 7 AND 8 











































plying to plan 4. 














The arc lamps, whose position and number 


The “Iso- provided in plan 4). 
nation obtained was measured by Marten’s 
The locations at which the 
illumination was measured, are indicated 


Illuminometer. 


are shown in plan 4 (indicated by double 
circles) are normally placed at a height of 
11.46 m (instead of 10 m, as originally 
The actual illumi- 
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by circles, and the illumination found at 
each point is noted. The illumination is 
shown on the curves connecting the loca- 
tions measured. From these curves a plan 
was made of the locations in which the il- 
lumination was I.0, 1.5, and 2.5 Lux. By 
connecting the points of equal intensity, 
the Isolux curves shown in Figs. 5 and 6 
result. In Fig. 7 the illumination of the 
Reichenbach Bridge is shown. ‘The Iso- 
lux curves are constructed in a similar 
manner. Finally in Fig. 8 is shown the 1l- 
lumination of the Cornelius Bridge with 
gas lighting, from photometrical measure- 
ments. 

In general, the construction of the Isolux 
curves consumes entirely. too much time, 
so that the following curve, the use of 
which has been recently proposed by Dr. 
Bloch, must suffice: The whole illuminated 
plane of the street is divided into a nu- 
ber of equal squares, and the illumination 
measured in the middle of these squares. 
It is evident that in a symmetrical arrange- 
ment of lamps it is unnecessary to measure 
each single square, and that comparatively 
few measurements are sufficient in a great 
many cases. In this manner the illumin- 
ation of the. Cornelius Bridge was deter- 
mined. 

When it is a question of the comparative 
cost of the various methods of illumination, 
then the mean pavement illumination plays 
a large part. It is simply the mean value 
from the illumination of single squares. 
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for the purpose. Whereas a mantle de- 
rived from cotton, atter being a short time 
in the flame, gradually lost its shape, and 
on that account diminished in illuminating 
power, the ramie mantle preserves its 
shape much longer, and the diminution in 
candle-power after a long period of burn- 
ing is hardly noticeable. The great draw- 
back to the incandescent mantle, however— 
its tendency to break—still remained; and 
the efforts which have been made in recent 
years have been mainly directed towards 
improving the stability of it. 

Attempts have been made to employ 
other vegetable fibres—such as silk, hemp, 
and jute—as the oxide-bearer, with, how- 
ever, negative results. In the latest re- 
searches, the vegetable fibres have been re- 
placed by artificial threads; and the ad- 
dition of the Welsbach salts is made dur- 
ing the preparation of the artificial silk 
itself. 

It is now common knowledge that Uhar- 
dounet succeeded in preparing threads and 
cloth, which had previously only been pro- 
duced from organized fibres of vegetable 
and animal origin. He employed cellulose 
in the form of a solution of c.llodion or 
gun cotton. This artificial or cellulose silk 
is made by the following process: The 
nitro-cellulose, prepared by the action of a 
mixture of sulphuric and nitric acids on 
cotton wool, is dissolved in a mixture of 
alcohol and ether in equal proportions, 
until a thick fluid is formed. The solution 
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INCANDESCENT MANTLES MADE 
FROM ARTIFICIAL SILK 


THE -NEW CEROFPIRM MANTEE 


By Dr. C. RicHAarp BOuM, or BERLIN. ° 


From the Journal of Gas Lighting, Lon- 
don, Dec. 25, 1906. 


The textile basis of the incandescent 
mantle originally consisted of cotton yarn 
of fine quality. In recent years, however, 
the cottom has been largely replaced by 
ramie—a material which is far superior 


is filtered; and from a tinned steel vessel 
it is pressed out through fine glass tubes 
of 0.08 mm. diameter under a pressure of 
50 atmospheres. The threads congeal im- 
mediately on coming into the air. No 
treatment with water is necessary; since 
the volatile vapors are taken away by 
means of suction plant. Several: of the 
fibres are immediately spun to obtain a 
thicker thread; and the material is de- 
nitrated by means of ammonium sulphide. 
The explosive properties are thus re- 
moved, and a substance consisting essen- 
tially of cellulose again remains. 
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I say “essentially,” because the cellulose 
by this process is altered chemically, and 
its characteristic properties are changed. 
By the application of an ammoniacal solu- 
tion of cupric oxide (Schweitzer’s re- 
agent), solutions of cellulose have been 
obtained, which have been put to certain 
technical uses. This application is limit- 
ed, because for most purposes either the 
solvent is too costly or the presence of 
copper in the solution is inadmissable. By 
the action of an ammoniacal cupric oxide 
solution, the copper compound of cellulose 
is formed; and after drying the substance 
the copper can be removed by acetic acid. 

Cross, Bevan, and Beadle have also found 
a new process by means of which the cellu- 
lose is dissolved and reprecipitated without 
any essential chemical alteration. This 
process is cheap, and ‘yields a product 
which can be put to a variety of uses. 

The starting material of the new process 
is the well-known substance produced by the 
action of caustic alkalies on cellulose. A 
bulky, transparent mass is formed by the 
assuntlation: ot alkalf “and water: It is 
familiar in the process of mercerization. 
This substance is then further changed by 
the action of carbon disulphide—swelling 
un still more until it becomes completely 
gelatinized, and is then soluble in water. 
The aqueous solution has a yellow color, 
and is very viscous. From this solution 
the cellulose can be separated with its 
original properties. While the dissolved 
cellulose in this process is called “viscose,” 
the separated product is known as “vis- 
coid.” 

The artificial threads produced by the 
three methods above described are disting- 
uished from fibres of natural origin, in 
that they are not tubular but solid through- 
‘out; and the cellulose is presented in the 
hidrated gelatinous form instead of in the 
form free from water. This fact is of 
great importance in the subsequent opera- 
tions of preparing the incandescent mantle. 
The dissolved cellulose has a plastic form, 
and readily adapts itself to the treatment 
adopted. 

At one time—when the Auer patent 
monopoly did not permit the manufacture 
of mantles on the part of competitors—a 
patent was taken out by Knofler in 1804 
(German patent No. 88,556) for a process 
in which suitable proportions of the salts 
of the rare earths dissolved in alcohol 
were added to the collodion solution. The 
threads pressed out through capillary tubes 
were either dried in hot air or pressed 
under water. 

The burning off of such threads, or the 
tissue woven from them, takes place very 
violently, on account of the unchanged 
nitrocellulose. On this account it 1s neces- 
sary to denitrate the tissue by means of 
ammonium sulphide. By this treatment, 


the explosible nitro group is removed, and 
the rare earths are converted into hydrates. 

While Kn6fler made use of the salts of 
the rare earths containing water of crys- 
tallization, Plaissetty took as a binding ma- 
terial the anhydrous salts (German patent 
No. 129,013) with the addition of the least 
trace on collodion. The product which is 
obtained by this process, after drying, is 
said to burn off slowly, and can be used 
without any previous denitration. In order 
to make the tissue more flexible, it is 
treated with ammonia, whereby the hy- 
drates are formed. In this way, Plaissetty 
arrived at the same product as KnOfler. 

According to an English patent (No. 26,- 
381, of 1897) of Blasco de Léry, the salts 
are dissolved in acetic acid, and, after the 
addition of glacial acetic acid, mixed with 
a solution of collodion wool, 3 to 5 parts, 
and 120 parts of acetic acid, a mass is ob- 
tained which can be spun. The mantle 
made from the spun threads weighs, before 
burning off, about 5 grammes, and yields 
0.6 gramme of ash. By Plaissetty’s process 
as mentioned above (German patent No. 
129,013), a material which can be spun is 
obtained by the mixture of 9 parts of col- 
lodion wool, 15 parts of salts, and 31 parts 
of solvent. The mantle knitted from such 
threads also yields 0.6 gramme of ash; but, 
on the other hand, it only weighs 1.5 to 1.6 
gramme. So that it is considerably lighter 
in weight than that produced by the English 
process. 

Plaissetty maintains that all these meth- 
ods are associated with great drawbacks, 
since the viscose from which the artificial 
threads are otbained can only take a limit- 
ed amount of the earths, and the result- 
ing threads are difficult to spin. 

In 1893, Schlumberger and Tinibaldi, in 
a Belgian patent (No. 106,592), indicated 
the possibility of impregnating threads of 
artificial silk with the thorium salts. 
Plaissetty, too, has shown that these arti- 
ficial threads—in spite of the fact that they 
lack the hollow interior of the natural 
fibres—can nevertheless be impregnated 
with the salts to produce a serviceable 
mantle. According to the process patented 
in 1902 (German patent No. 141,244), the 
artificial silk is dipped into the solution of 
salts; and, on account of its collodial na- 
ture, practically any amount of nitrate can 
be absorbed. In this respect, artificial silk 
differs from cotton, which will only  ab- 
sorb a limited quantity. 

In the new mantles, a direct com- 
bination takes place between the cellulose 
and the salts, which is supported by ex- 
periments with the microscope. The silk, 
after being impregnated with the nitrates 
of the earths, is carefully dried, and then 
‘mmersed in a concentrated solution of 
ammonia. The nitrates are thereby con- 
verted into hydrates, which enter into 1nti- 
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mate combination with the gelatinous cellu- 
lose. Although the thread contains about 
40 per cent. of its own weight of nitrate, it 
does not appear changed in any way. It 
possesses the same bright appearance, and 
has about the same bulk as before. 

This process has now been worked out 
sufficiently to allow of its being exploited 
commercially. The French patent was ac- 
quired by the French Auer Company, while 
the German patent was bought by the 
Cerofirm Gesellschaft (formerly Bruno and 
Lietz), of Berlin. 


By literally following the Praissetty pro- 
cess for producing incandescent mantles 
from collodion silk, a good result is ob- 
tained, but showing no particular advan- 
tages over the ramie mantle. In the first 
place, the stability of such mantles leaves 
much to be desired. Now this is the most 
sensitive spot of the incandescent gaslight 
industry; and for a long time experi- 
menters have endeavored to produce a 
mantle which will not break. Until re- 
cently, none of the many investigations di- 
rected towards this object has been success- 
ful «It 1s true that’ theestability of the 
mantle can be increased to a certain degree, 
by impregnating it in the solution to a 
greater extent; but the increase in sta- 
bility is so small that it has practically no 
‘value. The illuminating power of stch 
mantles is moreover considerably smaller 
than that of the ordinary mantles. It has 
also been attempted to produce incandes- 
cent mantles from fine wires, or incombusti- 
ble threads—such as asbestos. ‘This, too, 
seems to be the nearest way of approach- 
ing the problem of the stable mantle. But 
the results have always been negative; and 
it is only to be expected, because the 
mantle, on account of its greater bulk and 
weight, absorbs too much heat from the 
flame, and on that account emits relatively 
less light. 


Plaissetty, however, was on the right 
way of solving the problem of the stable 
incandescent mantle. The well-known ex- 
perimenter, Bruno, acknowledged that 
thorium hydrate possesses so many excel- 
lent properties that for the manufacture of 
incandescent mantles it is far superior to 
thorium nitrate. Thorium nitrate is known 
to possess a property by virtue of which, 
on heating, it blows out and expands con- 
siderably. This behavior of thorium 
nitrate is used as a test, since it is supposed 
that a sample which exhibits a propensity 
to expand yields an incandescent mantle 
which does not conglobate (wrinkle). The 
conglobation or wrinkling is a phenome- 
non which shows itself in the early stages 
of the burning of the mantle, and it is un- 


desirable, since it is also associated with a 


rapid decrease of illuminating power. 
The thoria derived from thorium nitrate 
forms a loose powder, which can be rubbed 
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down on the surface of the palm some- 
thing like meal. On the other hand, the 
thoria derived from thorium hydrate by 
heating to incandescence does not display 
this phenomenon of expansion, but conglo- 
bates immediately—yielding, instead of a 
loose powder, sharp oxide crystals of di- 
amantine hardness. 

These apparently defective properties of 
thorium oxide derived from the hydrate 
appeared to make it entirely unsuitable 
for the manufacture of incandescent 
mantles. But even if the mantles pro- 
duced from collodion silk by Plaissetty’s 
process show no particular superior ad- 
vantages nevertheless their relations are 
altogether changed when we pass over 
to another artificial silk. As already 
described, cellulose with unchanged prop- 
erties can only be separated from an am- 
moniacal cupric oxide solution. If now the 
cupric oxide cellulose fabric is treated ac- 
cording to. Plaissetty’s process, a mantle 
is obtained possessing quite unexpectedly 
valuable properties. 

The former unburnt mantles had the un- 
desirable property of withdrawing moisture 
from the air with great avidity. Since al- 
most all gas-works and many large con- 
tractors take their mantles not in the 
burnt-off, transportable state, but as half 
manufactured—i.e., unburnt-off—so this 
hygroscopic property of the mantle is a 
source of unceasing trouble. The mantles 
becoming moist contract when subsequent- 
ly burnt off, and easily become irregular 
and crooked. The new mantle—from cop- 
per cellulose by the Plaissetty process—is, 
however, not hygroscopic; since the 
thorium hydrate, unlike thorium nitrate, 
does not absorb the least trace of humidity. 
It will, therefore, be seen that this property 
may be an exceedingly valuable one. 


For the testing of mantles with a view 
to stability, mechanical vibratory machines 


_ have been constructed, which transmit vi- 


brations in both the vertical and the hori- 
zontal directions. On a Drehschmidt ma- 
chine adapted for intense vibrations, some 
comparative experiments have been per- 
formed. An ordinary mantle of good 
quality withstood 90 to 100 vibrations. 
The new mantle, however, remained 
perfectly intact after 3,000 vibrations. There 
can be no doubt, therefore, that this man- 
tle is far more stable than the ordinary one. 
The mantle was exhibited by Bruno in a 
lecture delivered in Nuremberg in June this 
year. The mantle can be taken in the hand, 
after burning off the protective film of col- 
lodion, and put to various tests. It may, 
for instance, be rolled on a pencil without 
breaking. It not only possesses greater 
tensile strength than an ordinary mantle, 
but is also much more elastic. These ex- 
cellent features denote the great advance 
which has been made by means of this dis- 
covery. 
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The accompanying illustrations serve to 
demonstrate the microscopic structure of 
the old and new mantles. Fig. 1 shows a 
loosely interwoven thread of a ramie man- 
tle, consisting of a countless number of en- 
tangled fibres. Fig. 2 shows a similar 
portion of an artificial silk mantle. It will 
be observed that the threads are not en- 
tangled as in the ramie mantle, but stand 
out distinctly, more like wires. The quan- 
tity of individual fibres is also much less in 
the case of the new mantle. The illustra- 
tion serves to distinguish clearly the great 
structural difference between the vegetable 
fibre and the artificial fibre. 

On account of the great importance of 
the new invention, it was supposed that the 
competitors would test the validity of the 
patent. The proprietors of the German 
patent, the Cerofirm Gesellschaft, therefore, 
conducted very careful investigations be- 
fore coming before the public with their 
new mantle. 

The patent claim of Plaissetty’s ammonia 
process runs as follows: “Process for the 
preparation of threads for incandescent 
mantles consisting in impregnating artificial 
threads of all kinds, or tissues from such 
threads, and after drying leading through 
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an alkaline bath and then drying again.” 

Since the alkaline bath is the most im- 
portant feature, investigations were made 
to see if the formation of hydrate could 
not be brought about by means of other 
reagents. Now this question was easy to 
answer for a specialist in the rare earths, 
since an analytical process is known by 
which the thoria is precipitated by means 
of hydrogen peroxide. The use of hydro- 
gen peroxide in the manufacture of man- 
tles was also not new, having been proposed 
by Drossbach as far back as 1899 (German 
patent No. 117.745). Drossbach found that 
the higher oxidized salts of thorium—es- 
pecially the nitrate—after the usual addi- 
tion of ceria, were especially suitable for 
the manufacture of incandescent mantles. 
After bringing the same to incandescence, 
the thoria remains behind in a_ peculiar 
molecular condition, the illuminating power 
of which—the same consumption of gas 
and other things being equal—is far higher 
than that of the ordinary mantle. For in- 
stance, the photometrical determination 
gave 143 Hefner candles as against 80 
Hefner candles with a mantle from normal 
thoria and ceria. 


The peculiar character of the higher 
oxide of thorium consists in the greatest 
illuminating power being evolved with an 
addition of 1.6 per cent. of ceria, and in 
the fact that the light emitted is snow- 
white. On the other hand, a normal man- 
tle with an addition of only 1 per cent. of 
ceria gives out a yellowish green light; 
while with 1.6 per cent. of ceria a dull red- 
dish yellow light is emitted. Also, under 
the microscope, the mantle prepared accord- 
ing to Drossbach’s process appears con- 
siderably altered. The fabric of an ordinary 
thoria-ceria mantle under the microscope 
seems quite uninjured, and only in a few 
places is the yarn rolled open, due to the 
expansion of the thorium nitrate, as pre- 
viously mentioned. By the use of the higher 
oxidized nitrates, the thread is resolved into 
its individual fibres, by virtue of which the 
exterior surface is enlarged and the illumi- 
nating power increased. The Drossbach 
process for the production of incandes- 
cent mantles differs from the old process 
in that—in place of the salts of thorium 
previously used—the higher oxidized com- 
pounds are employed. 1 he impregnation, 
drying, and burning off operations are car- 
ried out in the usual way. The patent 
claim states as follows: “Process for the 
production of incandescent mantles consist- 
ing in employing the higher oxidized salts 
of thorium, obtained by the oxidation of 
thorium solutions, in place of the previous 
employed normal salts.” 

Since hydrogen peroxide solutions react 
slightly acidic, it was easily possible to 
evade the Plaissetty patent by substituting 
hydrogen peroxide for the alkaline bath. 
As also the researches in this connection 
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had proved that the mantles produced by 
means of hydrogen peroxide were superior 
to those produced by the use of ammonia, 
a patent was applied for; and then, for the 
first time, the new mantle was made public. 

The application for the patent was filed 
on March 6 last, in the name of Albrecht, 
and was open for inspection on July 23. 
Unlike the invention of Drossbach, by 
treating the impregnated mantles with hy- 
drogen peroxide, a thorium hydrate is ob- 
tained which does not expand but coheres; 
and owing to this property great stability 
is, conferred on sihte: mantles © ley patent 
claim states: “Process for the production 
of incandescent mantles by the use of hy- 
drogen peroxide, consisting in treating the 
thorium salts of the impregnated unburnt- 
off mantle with hydrogen peroxide.” 

Since hydrogen peroxide only converts 
the thoria into an insoluble form, sufficient 
cerium nitrate is aaded to the solution to 
produce the desired proportion of ceria 
which the mantle shall contain. This is 
readily controlled by empirical means. 

The mantle prepared by the modified 
Plaissetty hydrogen-peroxide method does 
not, according to Bruno, contain the thori- 
um as the ordinary oxide (ThOz), but as a 
higher oxide for which the formula Th.O; 
has been assumed. Judging from previous 
scientific investigations, thorium peroxide 
does. not..resist heat; but, nevertheless, 
Bruno attributes the remarkable physical 
properties of the mantles produced by the 
modified Plaissetty hydrogen peroxide pro- 
cess to a higher oxide of thorium, since 
the new mantles often emit a light of 130 
to 140 Hefner candles. The average is 
120 to 130 candles with the ordinary gas 
pressure and consumption. 


But I have already shown that the 
mantles made by Drossbach’s method also 
emit a light of 140 candles. Drossbach has 
attribtued this phenomenon to the enlarge- 
ment of the exterior surface, while Bruno 
inculcates that with his process a thorium 
hydrate is produced which does not ex- 
pand or blow out at all. The principal 
feature attained by Bruno’s patent seems to 
me not to consist in its high, light power, 
but in the remarkable stability of the man- 
tle. It is true that the patent specification 
lays more stress on the great emission of 
light produced by the new mantle. But it 
seems to me the relations are reversed, 
and that the hitherto unattained stability 
exhibited by the new mantle is its most 
striking feature. Latterly Bruno appears 
to have altered his view; and he now con- 
siders the stability and elasticity of the 
new mantle to be its most valuable charac- 
teristics. 


Up to the present, it has only been pos- 
sible to manufacture incandescent mantles 
from artificial silk by the aid of special ap- 
paratus and methods. In particular, it has 
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FIGS. 3 AND 4. 


not been possible after the impregnation of 
these mantles to convert them into ash, 
mold and harden them by the use of the 
blow-pipe. When collodion mantles are 
turned into ash, as soon as the salts in the 
heat of incandescence are converted into 
oxides, the artificial threads do not retain 
their uniformly extended form, as do the 
natural ones from ramie and cotton. ‘They 
curl up together, so that subsequent treat- 
ment with intensified gas for molding and 
hardening is impossible. 

To overcome this curling, the mantles 
are ashed, molded, and hardened in one 
operation. ‘The mantle is supported over a 
burner tube corresponding to its width, so 
that only the top of the mantle projects 
above the head of the burner, as shown in 
Fig. 3. The intensified gas is now allowed 
to enter, and is ignited. The mantle is 
then raised slowly through the flame— 
about 1-50th of an inch at a time. Having 
once been drawn through the flame, the 
burning . off is complete—Fig. 4. The 
pressure of the intensified gas should in no 
case be higher than about 8 inches, which 
is much less than that used in the manu- 
facture of ramie and cotton mantles. 
When the flame roars, it is‘ quite sufficient, 
as too high a pressure is injurious. The 
mantle after burning off should not be 
hard, like a ramie or cotton mantle, since 
it is really toughest, or, better expressed, 
more elastic, when in the soft state. It is 
better that the mantle should be somewhat 
pointed, as shown in Fig. 5, and not full 
like the ordinary variety—Fig. 6. It has 
been found that the pointed form not only 
gives the best illuminating effect and the 
most economy, but also lasts the longest. 

The process for burning off the mantle 
has also been patented in the name of Al- 
brecht (for the Cerofirm Gesellschaft), on 
March 6 last, and was declared open for 
inspection by the German Patent Office on 
iahy, 23. 

There can be little doubt that this last 
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FIGS. 5 AND 6. 


great step forward has been due to the 
united efforts of Plaissetty and Bruno. 
Like most inventions of great general im- 
portance, the new process is the result of 
the labors of many patient workers. It 
must not be supposed that the idea of an 
invention is always the most important 
point. On the contrary, the working out 
of the same generally presents the greatest 
difficulty ; and for this reason it should not 
be esteemed less highly. So it is in this 
case. It was known that artificial silk 
might be impregnated with the salts of the 
rare earths; it was known that the threads 
of cupro-cellulose were suitable for this 
purpose; and the action of hydrogen per- 
oxide on the rare earths was also well 
known. All these, however, did not suf- 
fice to produce a mantle superior in sta- 
bility* or elasticity to previous ones. A 
very important factor was still missing, 
and that was the right comprehension with 
which the various inventions must be con- 
sidered before any real practical success 
could be attained. 

Finally, it is well to point out that in the 
new mantle some secret process seems to 
be involved. By literally following the 
process set out in the patent specifications, 
negative results only are obtained. When 
the ramie mantle was first introduced, it 
was a long time before the proper treat- 
ment and working up of this fibre was 
thoroughly understood. Not till then did 
ramie yield an incandescent mantle far sur- 
passing in its qualities the older cotton 
mantle. It may safely be assumed, there- 
fore, that the same relations hold in the 
case of artificial silk. Cupro-cellulose has 
its peculiarities; and these must be under- 
stood before the many difficulties can be 
overcome. The Vereinigten Glauzstoff- 
Fabriken, of Elberfeld, are delivering the 
woven fabric to the Cerofirm Gesellschaft, 
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and are also participating in the venture. 
There is thus every reason to suppose that 
competitors will have great difficulty in ob- 
taining supplies of the necessary raw ma- 
terial. The first-named Company have 
been manufacturing artificial silk for some 
time, and are reported to be making huge 
profits, like most of the other Continental 
concerns manufacturing artificial — silk. 
Bruno probably regards his business rela- 
tions with the Vereinigten Glauzstoff- 
Fabriken quite as important as the pur- 
chase of the Plaissetty patent. 

The incandescent gaslight industry may, 
I consider, heartily congratulate itself. It 
has scored another immense success—being 
now capable of producing a mantle in 
which the one great drawback of fragility 
is forever set aside. 


AUTOMATIC LIGHTERS FOR 
STREET GAS LAMPS 


In his last report, Albert Halstead, 
United States consul at Birmingham, Eng- 
land, states that an automatic gas con- 
troller has been patented and is now on 
sale ins England, which, 1f in. practical 
operation fulfills the claims made by its 
owners might materially lessen the cost of 
public lighting in the municipalities of the 
the United States. The controller is said 
to be adapted to any type of incandescent 
burner, to fit any lamp, and to be instan- 
taneous in its lighting and extinguishing. 
The mechanism consists of a clock which 
can be so set as to light the gas each night 
and extinguish it each morning, so as to 
make an automatic variation of the time 
of lighting and extinguishing according to 
the calendar. In other words, by means 
a chart, the street lights are turned on and 
off, lighted and extinguished, at a differ- 
ent moment each day throughout the year, 
according to the season. This, it is 
claimed, is an advantage over any con- 
troller now on the market, one adjustment 
a year being sufficient. They require no 
attention except winding once a week or a 
fortnight, and when once set do not have 
to be reset throughout the year. The gas 
can be turned off and on in the ordinary 
way, quite independent of the gas control- 


‘ler. This is important, as it might be nec- 


cessary to turn off the gas for the renewel 
of the incandescent mantles. 

These controllers are now on trial at 
Bath, and the engineer of the gas com- 
pany there has informed the municipal gas 
department at Birmingham that so far as 
their experience goes it gives satisfactory 
results. The city of Birmingham proper 
has 13,860 street lights, and the district 
outside, which is supplied by the municipal 
gas department of Birmingham, has 7,108 
street lights. Their caretaking costs $102,- 
484 per annum. To equip these street lights 
with this gas controller would involve an 


expenditure of $153,001. 
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Miscellaneous News 


Easton, Pa.—Disgusted by the poor ser- 
vice given by the municipal street lighting 
plant, sixty leading men and business firms 
of Easton have petitioned Select Council 
to advertise for bids for running the plant 
until a private corporation can take it 
over. The service is so poor that women 
and children are not considered safe on the 
streets at night. The municipal plant has 
been run at a loss of from $4,000 to $5,000 
a year. 


Albany, N. Y.—The recommendation of 
Governor Hughes that the State Commis- 
sion of Gas and Electricity be abolished 1s 
of great interest to members of the Empire 
State Gas and Electric Association, which 
declared for the appointment of the present 
lighting commission and as a matter of 
general policy has upheld the commission 
throughout its official life. 

The association was formed two years 
ago, when public curiosity and interest in 
the lighting question were at fever heat. 
It was then that a few of the lighting men 
of the upstate region got together. They 
were ready to treat with the public through 
men who knew a kilowatt from a candle- 
stick, they declared, but not through every 
self-appointed lighting expert who chose to 
climb the hill at Albany and make a speech 
before the nearest committee. Since then 
there have been searching investigations 
and reductions that hurt; but to the minds 
of the upstate lighting men a judicial hear- 
ing, with a threshing out of the question 
fairly to both sides, was infinitely prefer- 
able to coping with committees and councils 
where “loose talk” was bandied about by 
the layman. 

That the majority of the lighting men of 
the state have gradually come to their way 
of thinking has been proved by the in- 
crease in the membership of the associa- 
tion, which now numbers more than fifty 
of the upstate lighting companies. To fur- 
ther rather than to fight the properly con- 
stituted state authorities is the principle 
for which the association stands. 


Schenectady, N. Y.—At a meeting of the 
board of directors of the Business Men’s 
association and the lighting committee of 


the association the question of the new 
schedule of rates as prepared by the Sche- 
nectady Illuminating company was discus- 
sed and it was ‘decided that they were not 
satisfactory and will be referred to Frank 
C. Perkins, an expert consulting electrical 
engineer of Buffalo, who gave an opinion 
in the matter some time ago. When Mr. 
Perkins’ report is received, the question 
of rates will again be taken up with the 
officials of the Illuminating company by the 
Business Men’s association. 


Montreal, Canada—The question of 
candle-power as a standard for illumina- 
tion and heat, which was brought up yes- 
terday by Ald. L. A. Lapointe’s discovery 
that the gas proposal now before Council 
reduced the candle-power from 21 to 16, 
was called to the attention of Mr. W. Mc- 
Lea Walbank last evening. 

Mr. Walbank admitted without hesita- 
tion that Ald. Lapointe’s contention as to 
the fact was correct, but he was inclined 
to belittle the importance attached to it. 

“This town,’ said Mr. Walbank “is ask- 
ing higher candle-power than any other. 
The 16 candle-power is the standard in 
England and in the Dominion of Canada, 
that having been found to best reconcile 
the twin users of lighting and _ heating. 
Gas for lighting is not much used now with 
an ordinary burner, but is used with a 
mantle. Gas has to be enriched to give 
high candle-power for illuminating, but 
with the mantle the 16 candle-power is 
sufficient and you get much better heat. 

“Of course people will not be satisfied 
if they do not get the light but with the 
mantle that point is solved, while at the 
same time you do not have to get it so high 
as to sacrifice the heating qualities which 
has to be done now. The 16 candle-power 
as I say, is the standard which expert ex- 
perience has fixed and which has been 
adopted by Dominion statute.” 


The Palms, Cal.—There is great activity 
at The Palms in all directions. Arrange- 
ments have been completed to erect an elec- 
tric light plant, and the public subscrip- 
tion for lighting purposes has already 
reached a stm sufficient to light the city 
for six months. 
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Practical Problems in Illuminating Engineering 


THE LIGHTING OF A LARGE DEPARTMENT STORE 


By F. M. FEIKEr. 





SECTION OF FIRST FLOOR, MYERS’ STORE, ALBANY, N. Y. 


It is not long since the 16-candle- 
power incadescent lamp was the unit 
of store illumination for electric 
lighting from the basement trunk- 
room to the offices on the top floor. 
While. this method of displaying 
goods at night was much better than 


gas lighting, the advantages of the 
arc lamp as a means of indoor il- 
lumination could not be realized, ow- 
ing to the inherent disadvantages of 
the open type arc light for interior 


work. 
With the advent of the enclosed arc 
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PART OF FIRST FLOOR. 


lamp, however, with suitable reflectors 
and diffusers there has come a wide- 
spread adoption of this type of lamp 
for store lighting. While the auc- 
tioneer in a Japanese curio shop may 
tempt prospective purchasers by hold- 
ing the delicately figured china be- 
fore an incandescent lamp, the dis- 
play of such merchandise is more ef- 
fectively made in contrasted groups 
and on a large scale by means of 
powerful enclosed arc lamps, giving 
an even distribution of brilliant light 
over. the stock. The incandescent 
unit, especially in the new “higth-ef- 
ficiency” types, is still adapted for 
lighting restricted areas, such as base- 
ment trunk-rooms, but for brilliant 
and diffusive lighting the enclosed arc 
lamp has come to be pretty generally 
recognized as standard. 


Perhaps no better example of the 
use of enclosed arc lamps in modern 
store lighting can be found than that 
exhibited in the John G. Myers store 


at Albany, N. Y. Being a department 
store, the lighting includes many con- 
ditions found in a variety of estab- 
lishments, all of which are correlated, 
and met advantageously by the use of 
enclosed arc lamps with light balanc- 
ing selective diffuser ceilings. The 
daylight effects which are-obtained*in - 
this establishment by this means, -, 
bring out with marked effect the rich-— 
ness of the appointments and the at- - 
tractiveness of the merchandise. Dress 
goods and fabrics of all kinds show 
nearly exact color values in the light 
of the arc lamp and the brilliancy of 
cut glass and detail of many notions 
are emphasized by the same pervasive 
illumination. No better exponent of 
the artistic results of the illumination 
could be found than the illustrations 
from night photographs which  ac- 
company the article. 

Ceiling lamps were decided upon 
after a series of tests had been made, 
the lamps being arranged as shown in 
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Third Floor 





FLOOR PLANS, MYERS STORE. 


the accompanying diagrams. An 
outer ring of plaster>is provided 
around each of the lamps, with its re- 
flector so that the lamp in its setting 
harmonizes with the rest of the ceil- 
ing. In addition to the ceiling type of 
arc lamps, a small number of ordinary 
double globe type lamps are suspended 
around the rotunda in order to sup- 
plement the illumination about the 
openings in the ceilings where the 
ceiling type of lamp could not be in- 
stalled. As the ceilings of the base- 
ment are too low to install the ceil- 
ing type of lamp, the ordinary en- 
closed arc lamps are used there. 


All the arc lamps are _ controlled 
from panel boxes located in the side 
walls, with doors matching the pre- 
vailing mahogany finish throughout 
the store. Current for the lamps as 
well as for various motors and elec- 
tric heating devices, is supplied at 


Lio- Volts, 938. cycles @ trom sine 
mains of the Albany Illuminating 
Company. Each lighting unit con- 


sists of a General Electric ceiling type, 
alternating current, multiple, enclosed 
arc lamp, hung in a light-balancing 
selective diffuser ceiling. reflector. 
The lamps on the first floor are ad- 
justed to take 834 amperes and on the 
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CURVES SHOWING ESTIMATED ILLUMINATION COMPARED WITH ACTUAL MEASUREMENTS, 
NO ALLOWANCE BEING MADE FOR REFLECTION. 


second, third, and fourth floors to 
take 634 amperes. 

It is interesting to note that the re- 
sults in this store were prophesised by 
the engineers in advance and the 
whole installation was made the sub- 
ject of a most careful investigation 
to determine the most efficient method 
of lichtino At ithe sinstance- 01 nie 
P. R. Moses, of New York, who acted 
as consulting engineer for the John 
G. Myers’ Company, the illuminating 
engineering department of the Gen- 
eral Electric Company carried out a 
series of tests to determine the best 
method of illumination. 


To this end, a ceiling type of lamp 
was suspended with the arc twenty 
feet from the floor corresponding to 
the height of the store ceiling from 
the main floor. The double-globe en- 
closed lamp was suspended with the 
arc ten feet six inches from the floor. 
The intensity of illumination from 
each of the lamps burning independ- 
ently was then measured at a height 
corresponding to the counter level, 
over a circle having a thirty-foot radi- 
us around the lamp as a center. 

The results indicated on the accom- 
panying curve sheet No. 1 (209) 
show considerably in favor of the ceil- 
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ILLUMINATION FROM SELECTIVE DIFFUSER COMPARED WITH OPAL OUTER GLOBE, A. C. 
8 AMP. LAMP. 


ing type of lamp, this lamp giving a 
higher intensity all over the circle 
with the exception of the part imme- 
diately under the lamp. In this space 
the light from the ceiling type of lamp 
is ample and the excessive light of the 
standard lamp detracts, if anything, 
from the general illumination, making 
the remainder of the circle look dark- 
er by contrast. From these measure- 
ments the minimum intensity of light 
which could be expected under and 
between rows of lamps across the rear 
of the store was estimated. This curve 
also shows that the ceiling type of 
lamp is preferable since the intensity 
of light between rows of lamps is 
much more uniform. 

After the lamps had been installed 
and adjusted measurements were 
made with the illumination photometer 
and the results so obtained compared 
with the estimated distribution of 
light. Curves No. 2 and No. 3 show 


the actual measurements ‘with the es- 
timated curve to which reference has 
been made in the preceding para- 
graph. That estimated and actual re- 
sults should check so closely is a strik- 
ing instance of the value of the new 
illuminating engineering. In the esti- 
mated curve no allowance was made 
for reflection from ceilings and walls, 
or for light received from lamps over 
thirty feet away. The actual measure- 
ments exceed the estimated by about 
thirty-three per cent, and it is rea- 
sonable to assume that this amount of 
light represents that received by re- 
flectors and from distant lamps. 

In order that the matter may be 
conveniently assimilated the data for 
the first three floors of this installa- 
tion are shown in the accompanying 
table. The offices and stock rooms in 
the fifth and sixth stories of the build- 
ing respectively, are lighted by 
clusters of incandescent lamps. 








AOI AST EG ee ee 
Leirctestiy (ROME WE ety oi AO 
No: Ceiling Type Lamps......-..-.---++-- 
Ore Wiis crete Sack ee 
Na ten Crist Gattis ce vtislein nee 
No mr coO ane alist a. es ied ne ce 
4) Ma Ce er 
Watts persqe ites tone. ie ee we eee ee a 
Average Illum. in Ft. candles.........---+-- 


First Second Third 
wre 11770 10500 IOI4O 
18.4 5.2 ra. 4 
3 3t 25 
20000 15500 12500 
E70 1.48 E623 
se 8 6 
24000 18500 12860 
2.02 70 E227 
a 4.27 3-79 3-65 
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Plain Talks on Illuminating Engineering 


-By -E: .L;° ELLiorr 


VII. 


THE LOCATIONS OF LIGHT SOURCES : 


GENERAL CONSIDERATIONS 


Before the advent of the electric 
light the possible positions of light- 
sources were comparatively very lim- 
ited. A flame gas burner, which was 
the most important commercial source, 
and the only one used in cases where 
anything like engineering skill might 
be used in its installation, had to be 
so placed as to be accessible for light- 
ing; the burners had to have an up- 
right position, and be removed to safe 
distance from ceilings and walls. All 
of these limitations are absent in the 
case of the incandescent electric lamp, 
with the possible exception of provid- 
ing that the lamps may be replaced 
when burned out with a reasonable 
degree of convenience. This almost 
unlimited adaptibility of the electric 
lamp as to location and position is 
even yet not fully appreciated by those 
who have heretofore commonly had 
charge of laying out lighting systems. 
The traditions of candles and gas 
flames are still very much in evidence, 
especially in domestic and other small 
installations. 

In determining the location of light- 
sources two general plans may be fol- 
lowed: 

First, to place thern so as to: pro- 
duce as nearly as possible an equal 
illumination over a given surface, or 
throughout a given space. 

Second, to place them so that par- 
ticular points or- places will receive 
a specific illumination. 

In many cases a combination of 
both of these general methods will 
give the best results. 

The first case may be classed as 
general illumination; the second as 
special illumination. 

Among the important cases requir- 
ing general illumination may be men- 
tioned assembly rooms of all descrip- 
tions, such as churches, theatres, pub- 


lic halls, hotel lobbies, ball rooms, par- 
lors and drawing-rooms; of the lat- 
ter class, counting rooms and offices 
of various descriptions, work shops, 
libraries and reading rooms. 

In seeking to produce general il- 
lumination, it is natural to try to 
simulate daylight effects. Note the 
use of the word “simulate,” and bear 
in mind that it is not possible to even 
imitate daylight illumination by any 
artificial means at present available. 
This fact is due to several causes. A 
room well illuminated by daylight, re- 
ceives its light through one or more 
windows. These windows are so ar- 
ranged as to admit only diffused sun- 
light, the windows being provided 
with translucent curtains, so as to pre- 
vent the direct rays from shining into 
the room. The degree of diffusion of 
daylight illumination therefore sur- 
passes anything that may be hoped 
for from artificial illumination. 

It will be well here to get a clear 
idea of what is meant by “diffusion.” 
The term is frequently erroneously 
used in the sense of distribution, 
which is quite another matter. The 
Standard Dictionary says that to dif- 
fuse means primarily “to pour or send 
out so as to spread in all directions.” 
Diffusion, as applied to light, refers 
to its “spreading in all directions.” A 
perfectly diffused light is one in 
which rays of equal intensity cross in 
every direction at every point; and 
the degree of diffusion therefore may 
be considered theoretically measured 
by the extent to which it approaches 
this condition. Theoretically perfect 
diffusion, however, is not desirable in 
any case, whether by natural or arti- 
ficial light, as the effect of such light 
is extremely trying to the eyes; a. 
familiar example of which is sun-light 
diffused through a thin fog, which 
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perhaps comes the nearest to the theo- 
retically perfect diffusion of any 
actual case. It is desirable, however, 
that there should be such a degree of 
diffusion that every point should re- 
ceive some light from every direction, 
with a preponderance of intensity 
from a single direction. This is the 
condition which prevails in a room il- 
luminated by daylight received from 
windows, on one, or two, adjacent 
sides; a condition which is usually 
sought in school rooms. If the walls 
and ceilings of such a room are of 
fairly light finish so as to give reason- 
able reflection, every point in the room 
will receive light from all directions, 
with a preponderance from the direc- 
tion of the windows. 

Besides this superiority in the mat- 
ter of diffusion, a room illuminated by 
daylight receives its light from a com- 
paratively large number of square 
feet of surface, namely, the surface 
of the windows, whereas in artificial 
illumination, except in the unusual 
case of the so-called indirect lighting, 
1. e., by reflection from the ceiling, 
the light is received from a surface, 
the total area of which may be a frac- 
tion of a square inch in the case of 
unshaded electric lamps, or at most 
a few square feet of surface where 
diffusing globes are used; so that in 
the matter of intrinsic brilliancy of 
the luminous surface there is simply 
no comparison between natural and 
artificial illumination. 

Another feature not less important 
in daylight illumination is the fact 
that, except very near the windows, 
there is no direct light received from 
a high elevation. Even when the 
windows are uncurtained, in most 
positions in the room the eye can re- 
ceive light only at a comparatively 
low inclination, and to avoid receiving 
it at a high inclination when near the 
windows, curtains or shades are com- 
monly provided by which the light 
from above can be excluded, or so 
reduced in intensity as to be ineffec- 
tive. In artificial illumination, on the 
contrary, it is customary to place the 
light-sources on or near the ceiling, 
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or at least well above the eyes, so 
that it is in most cases impossible to 
get in any position in which the eyes 
do not receive direct light from some 
position nearly overhead. The eye 
has adapted itself from countless years 
of use to the conditions of daylight 
illumination, and even in the open it 
is usual to protect the eyes with some 
sort of shade from the rays falling 
at a high angle. It is this unusual 
direction of the light that is undoubt- 
edly accountable for the greater 
fatigue of the eye in the case of arti- 
ficial illumination. In many cases at 
the present time artificial illumination, 
in point of mere measured brilliancy, 
exceeds that of daylight, and still no 
one will think of denying that the 
best artificial illumination ever pro- 
duced is far inferior to reasonably 
good daylight. In laying out the loca- 
tion of light-sources for general il- 
lumination, as previously stated, it 
is permissible to attempt to simulate 
daylight effects, and the illuminating 
engineer will have entirely fulfilled 
his mission if he has reduced, so far 
as possible, the unavoidable discrepan- 
cies and disadvantages inherent in 
artificial lighting. 

In laying out a plan of general il- 
lumination the first problem will 
naturally be the division of the light- 
sources, i. e., the number of light 
units to be used in order to secure 
the total quantity of light required. 
The question to a considerable ex- 
tent is one of taste and opinion. With 
the various reflectors and distribut- 
ing accessories at present available, it 
is possible to produce the requisite 
uniformity of distribution with units 
of very widely different light-powers. 
For example, it would be a compara- 
tively simple matter to produce uni- 
form illumination in a large room 
from arc lamps properly placed and 
equipped with the proper accesories, 
or with the ordinary 16-candle-power 
incandescent lamps, with the so-called 
“oas arcs,” or high power gas burn- 
ers, or with the smallest size individ- 
ual incandescent gas burners. 

It has been said that ‘‘questions of 
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taste do not admit of argument”—a 
saying which, while generally true, 
still has its limitations; there are cer- 
tain fundamental principles which un- 
derlie the subject of esthetics. 

On the subject of large or small 
units for the production of general il- 
lumination, it is argued by some, and 
apparently with much logic, that the 
size of the unit should bear some re- 
lation to the size of the space il- 
luminated. Thus, in a large hall or 
store, a comparatively small number 
of large units, which may be either 
individual light-sources of large total 
candle-power, or a cluster or collec- 
tion of small units having an equally 
high total light-power, are preferable 
to a large number of small units dis- 
tributed uniformly. It is undoubtedly 
true that an excessive number of light- 
sources are bewildering to the vision, 
and have a strong tendency to keep 
the attention of the eye fixed upon the 
light-sources instead of upon the ob- 
jects illuminated. This fact is ad- 
mitted, probably unconsciously, in 
special decorations or illuminations of 
interiors for festive occasions; in 
such cases the effect particularly 
sought is to fascinate the eye by the 
very intricacy of the illumination, 
rather than to illuminate particular 
objects. It is obvious that such an 
arrangement would be very much out 
of place in a store, where it is de- 
sirable that the least possible atten- 
tion be attracted to the light-source, 
and the greatest possible attention 
upon the goods exhibited. As in all 
other matters where taste is  con- 
cerned, it is well to avoid extremes. 
Thus, it would be very poor judgment 
to attempt to light a large hall or 
auditorium by a single chandelier or 
collection of light-sources centrally 
placed, or even two such units; while, 
on the other hand, it would be equally 
undesirable to distribute small units, 
such as 16-candle-power lamps, uni- 
formly about the ceiling or walls of 
the room. 

Architectural or structural features 
will have considerable to do in decid- 
ing the question of the size of units. 
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This is particularly the case in stores, 
hotel lobbys and dining-rooms, and 
occasionally in halls and auditoriums, 
where the ceiling is structurally di- 
vided into a number of panels. In 
such cases the most natural arrange- 
ment is a unit (by which we mean a 
single fixture, which may contain one 
or more light-sources) in each panel; 
at least in the case of panels that are 
square or approximately so. While 
other methods are frequently used, the 
one mentioned is perhaps the safest 
for general practice. 

In general, it should be kept in 
mind that the units should be so placed 
that they will serve to accentuate, or 
at least to conform to the  archi- 
tectural or structural features, and 
never so as to confuse them. In good 
architecture the essential structural 
features should plainly declare them- 
selves; the distribution of the light- 
ing units, being evidently adaptable 
to structural conditions, should admit 
this subserviency in an equally un- 


mistakable manner. 


Another of the general questions to 
be considered in placing units is the 
use of side walls and columns as 
points of support. Except in very 
small rooms, a certain number of 
units attached to, or suspended from 
the ceiling, are an absolute necessity 
in the production of uniform illumina- 
tion; and it is possible in practically 
all cases to produce such illumination 
without the use of any side lighting 
whatever. From the fact that half 
of the light from units placed about 
side walls illuminates only the walls, 
and consequently only the light re- 
flected is utilized for general illumina- 
tion, it follows that lighting of this 
kind is far less efficient than over- 
head lighting. The opinion seems 
still to prevail quite generally among 
architects that a certain number of 
units placed on side walls and col- 
umns is essential from the artistic 
standpoint. This feeling is apparently 
a relic of the days when candles were 
the only means of illumination, and 
when it was necessary to place them 
at every available point if brilliancy 
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was to be secured. Instead of side 
brackets adding to the artistic effect, 
in most cases they actually detract 
from it by keeping the eye fixed upon 
the light-sources rather than the archi- 
tectural features, and in many in- 
stances produce strong contrasts of 
light and shade which are objection- 
able. There is one position, however, 
in which this defect is not produced, 
and which may be considered a com- 
promise between ceiling and_ side 
lighting, and that is the frieze, which 
architecturally is the line of demarca- 
tion between ceiling and side walls. 
The capitals of columns is a corre- 
sponding position. It is possible to 
use a large number of small units in 
such a case, as the numerous light 
points serve to accentuate this line 
of demarcation, and in a way become 
a part of the frieze itself. 

The height of lighting units from 
the floor is another general problem 
requiring careful consideration from 
the standpoints of both efficiency and 
appearance. The position of units 
with reference to the ceiling also af- 
fects the apparent height of the ceil- 
ing itself. It is a mistake, however, 
to assume that a low ceiling should 
have the units placed conspicuously 
close to it. Such placing simply calls 
attention to the fact that the ceiling 
is low, whereas, by allowing a certain 
distance between ceiling and fixture, 
the defect is not thus proclaimed, but, 
on the contrary, a suggestion of suf- 
ficient head room is inferred. 

The position of the unit should bear 
a certain proportion to the entire dis- 
tance from ceiling to floor, rather 
than be located in strict accordance 
with the mathematical laws of dis- 
tribution or efficiency. Thus, in a 
room with an unusually high ceiling, 
such as a church, the units or fixtures, 
if dropped to the position which 
would be most advantageous from the 
‘mathematical standpoint, would give 
-a general effect of disproportion struc- 
turally, i. e., would be out of keeping 
with the general structural features 
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of the building. The same would hold 
true also if the fixtures were placed 
comparatively near the ceiling. The 
proper placing of fixtures in cases 
where the ceiling is unusually high, of 
which churches form the principle 
example, is not an easy matter. At- 
tempts have been made to avoid the 
difficulty by supporting the units upon 
standards placed on the floor; this 
method would seem to offer a possi- 
ble escape, as in this case the position 
of the unit is referred to the floor as 
its point of support, instead of the 
ceiling, and it can therefore be prop- 
erly located at a much lower point. 
This method also avoids the necessity 
of conforming strictly to structural 
features, which, in cases of arched 
ceilings, places very definite limita- 
tions upon the points from which units 
may be properly suspended. 

The method of producing general 
illumination by the reflection of light 
from sources placed entirely out of 
range of vision forms an entirely dis- 
tinct problem from the ordinary dis- 
tribution of units for direct lighting. 
The method is available in cases of 
ceilings of reasonable height, and espe- 
cially where a rather deep frieze or 
cove is also present. The method is 
generally considered to be the most 
nearly perfect of any plan of artificial 
lighting, but also the most inefficient ; 
both of which opinions need to be 
accepted with some reservation. Ifa 
moderate general illumination is re- 
quired, special illumination being pro- 
vided for special use, the method un- 
doubtedly produces almost ideal re- 
sults; but the attempt to utilize this 
method for the production of illumina- 
tion requiring careful eye work is at 
least open to serious doubt. [lumina- 
tion so produced is the artificial 
equivalent of daylight illumination 
through a sky-light; and experience 
seems to prove that this form of il- 
lumination is fatiguing to the eyes— 
substantiates the statement 
previously made of the trying effect 
of light received from high angles. 
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Daylight Illumination 


By O. H. BAsSQuiIN 


LV: 


FUNDAMENTAL NOTIONS. 


When one drops a pebble into a 
pool of water a set of surface waves 
start at the point where the pebble 
strikes and run with uniform speed 
outward in all directions. The wave- 
fronts thus seen are circles with ever 
increasing radii. When a particle of 
carbon in a gas flame becomes lumin- 
ous, we think of it as giving off waves 
whose fronts are spherical and whose 
radii increase in length with the 
velocity of light. We may ask our- 
selves what it is that is passing out 
from the pebble and from the carbon 
particle. It“iscertainly= not matter 
—no material, as we understand that 
word, and yet something quite defi- 
nite must be handed along from place 
to place. That which flows out is 
spoken of as energy and the continual 
passing of this energy may be looked 
upon -as a stream or ‘a current ror 
energy. 


@ 
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That “this isereally <aecurrentsaan 
much: the> same ‘sense tas =thatworea 
Sstreat Of “air or of watermissiniant- 
fest when one remembers that the 
scientific world looks upon energy as 
a reality or an entity, in the same 
sense that one generally employs that 
term with regard to matter or any- 
thing else which he believes has an 
objective existence. It may be inter- 
esting to remember that in the long- 
ago-discarded theory of Sir Isaac 
Newton this stream of radiant energy 
was made up of real corpuscles, some- 


thing like very fine bird shot, which. 


SKY ILLUMINATION _ 


the radiating particle threw off in all 
directions with the speed of light. 
Newton, in his fondness for Latin, 
employed the word “flux” to denote 
a stream or current. His use of this 
word may have had nothing to do 
with its survival, but the fact is that 
“flux” is now used in the vocabulary 
of illumination as referring to this 
stream of radiating energy which af- 
fects the sense of sight. 

In order to think of unit-current 
or flux of light we may imagine a 
source giving out candle-power in all 
directions. Let this unit-source be 
surrounded by an imaginary sphere 
whose surface is everywhere one foot 
distant from the source. Then we 
have unit-flux or current of light 
passing through unit-area on the 
sphere illumination is flux per unit- 
area. The unit of illumination is gen- 
erally spoken of as the “foot-candle”’ 
and is the illumination on a normal 
surface one foot distant from unit- 
candle* as in the above imagined 
sphere. 


There are a number of ways of 
varying the illumination, the flux per 
unit-area. The most patent is that of 
varying the intensity or candle-power 
of the source. It is evident that the 
flux is directly proportional to the 
candle-power of the source, so that 
the illumination due to any source is 
directly proportional to its candle- 
power. 


With a single source and with the 
surface at right angles to the direc- 
tion of the radiation, the illumination 
is inversely proportional to the square 
of the distance from the source. The 
total current when added up for the 
whole spherical surface about the 
source as center, must be constant, 
no matter what may be the distance 





* For another unit of illumination see page 823, 
December number of this journal. 
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from the source. But the area of the 
surface of the sphere increases with 
the square of the radius, so that the 
illumination must decrease as the 
‘square of the radius increases. 

An apparent exception to this law 
of the inverse squares is had when a 
source of light is placed at the focus 
of a convex lens, as shown in Fig. 
13. Before reaching the lens the 


YA 


FIG eno 





wave-fronts are all spherical and the 
constant flux is distributed over a con- 
stantly increasing area, so that up to 
the lens the flux per unit-area is de- 
creasing. The effect of the lens, how- 
ever, is to flatten that part of each 
wave which is transmitted through it, 
so that as these partial waves move 
off from the lens they do not increase 
in area and thus, in so far as these 
conditions are realized, they give an 
illumination independent of the dis- 
tance from the lens. . A practical il- 
lustration of this arrangement is the 
searchlight, which gives an approxi- 
mately constant illumination through 
a wide range of distance. With the 
lens, the constant illumination which 
it gives is inversely proportional to 
the square of its focal length, i. e., the 
distance from the source to the lens, 
so that the law of inverse squares does 
hold up to the lens, if not beyond. 

A line drawn at right angles to a 
surface is spoken of as “normal to 
that surface” or as being “a normal 
to the surface.” The angle between 
this normal and the direction from 
which light is approaching a surface 
is spoken of as the “angle of inci- 
dence.” We have thus far assumed 
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that the angle of incidence has been 
zero, i. e., that the light has been 
coming along the normal. In Fig. 
13 the light from the lens is shown 
falling upon three faces of a hexagon 
nut. On one face this angle of 
incidence is zero, and for two 
of the faces this angle is sixty 
degrees. The first face is receiving 
the maximum amount of the lght 
current. Simce the cosine of sixty 
degrees is one-half, it is evident that 
each of the other faces is receiving 
only half the flux that the first face 
receives. Since their areas are the 
same their illuminations will be in 
the ratio of 1 to one-half. In general 
it is evident that the surface illumina- 
tion derived from any particular light 
current is proportional to the cosine 
of the angle of incidence of that 
current. 

At any one instant in a stream of 
water or of air the current always has 
a particular direction at every point 
and only one direction. If a certain 
water-main is discharging twice as 
rapidly today as yesterday, we are 
sure that the average speed of the 
water in the pipe has been doubled. 
These analogies do not hold for light 
currents. The speed of transmission 
has nothing to do with the intensity 
of the current, and currents in differ- 
ent directions can occupy the same 
space apparently without interfering 
one with another. When we think 
of the conditions for unit illumina- 
tion as pictured above, we have a 
single light current at any one point 
and that current has one particular 
direction at each point, but in gen- 
eral in the actual case, we have a 
very large number of sources of radi- 
ation and for each point in space we 
have a large number of currents pass- 
ing, each in its own particular direc- 
tion. As these effects are, in general, 
independent of one another, the il- 
lumination of a surface is to be found 
as the sum of the illuminations due 
to the several currents taken 
separately. 

In the study of light waves many 
cases stich as the colors of soap films, 
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pearls, etc., are well known in which 


currents in different directions inter-. 


fere in space and their effects cannot 
be added together in this way, but all 
these phenomena are very special 
cases, and, while intensely interesting, 
they are of no importance in the study 
of illumination. 

To summarize with respect to the 
illumination produced on any surface 
by point-sources of radiation, we find 
that for each source it is proportional 
(1) to the intensity or candle-power 
of that source,« (2) to. the? cosines of 
the angle of incidence, and (3) tothe 
reciprocal “of themsquare:.ot jthe-dis- 
tance from the source, while (4) the 
whole illumination is the sum of the 
partial illuminations produced by the 
several sources. 

Thus far we have considered only 
radiation from _ point-sources. We 
must now extend our attention to il- 
lumination from luminous surfaces, 
such as a strip of red hot metal. We 
may think of the section of this strip 
of metal as made up of an irregular 
collection of small opaque particles 
somewhat as shown in Fig. 14. On 





FIG. 14. 


account of the extreme irregularity 
of the surface, it is evident that if one 
is looking at this collection, the num- 
ber of particles which he can see de- 
pends upon the direction from which 
he looks. If he looks along the 
normal he will see the greatest num- 
ber, while if he looks along a line 
lying in the plane of the surface he 
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can see only the end particles. Be- 
tween these extremes the number 
which he can see is proportional, 
very approximately at least, to the 
cosine of the angle (8) which this. 
direction of view makes with the 
normal to the surface. 

Now if we think of each of these 
particles as a point-source of radia- 
tion, then the current or flux of light 
will be greatest along the normal to 
the surface because the radiation 
from the largest number of particles. 
is able to get away from the surface 
in this direction. For other directions. 
the flux fromthe mores deeply sim- 
bedded particles is more or less inter- 
fered with by their more projecting 
neighbors. The total flux in any di- 
rection is thus approximately propor- 
tional to the cosine of the angle -of 
emergence (8). This cosine propor- 
tionally depends thus upon the rough- 
ness of ‘the, surfaces and upon etude 
opacity of the particles. As our im- 
mediate application of this principle 
is to clouds, there can be no question 
as to the roughness of their surface 
or as to the opacity of the particles, 
because: ofmther violentiretractionmean 
light striking drops of water. 

We have already defined the bright-. 
ness of a small surface as the ratio 
of its normal candle-power to its area. 
This is limited strictly to the direc- 
tion along the normal, because the 
brightness may be different in some: 
other direction. Let us assume that 
the surface in question conforms to. 
the above cosine law and let us in- 
quire what its brightness will be im 
a direction, making an angle (£) 
with the normal. We may define this. 
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brightness as its candle-power in this 
direction divided by its projected area 
in this direction. The projected area 
in a direction (8) is seen in Fig. 15 
to be its true area multiplied by cosine 
B. The candle-power, being propor- 
tional to the flux, is also proportional 
to the same cosine. Hence the bright- 
ness is independent of direction, the 
rough surface has the same bright- 
ness in all directions. 

This independence between bright- 
ness and angle of emergence is known 
as Lambert’s law,* inasmuch as he 
first pointed it out about 1760, and 
noted that if this law was not ap- 
proximately true the disc of the sun 
would be very much brighter near 
its edge than at its center. 





FIG. 16. 


In Fig. 16, let ABCD be a luminous 


surface conforming to Lambert’s 
law, and let us interest ourselves in 
the illumination which it produces on 
the small surface shown at the point 
(0). We shall think of ABCD as a 
very small surface in comparison with 
its distance from (0). By Lambert’s 
law we may replace this surface by 
its projection in the direction of (cen 
provided this projected area AB/C’D 
has the same brightness as the original 
surface ABCD. Now by the law of 
inverse squares, applied backwards, 
we may replace this area AB’C’D by 
the parallel and co-normal area abcd, 
of the same brightness as before but 
with linear dimensions reduced in pro- 
portion as it is nearer to (0). These 
changes from ABCD to abcd have in- 
troduced no change in the illumina- 
tion at (0). 

Let us now apply this method of 
thinking to the clouds and sky. The 
real sky is made up of clouds both 
far and near at a considerable eleva- 





* Lambert’s Photometric, translated by E. Anding, 
No. 31-33 of Ostwald’s Klassiker. 
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tion above the earth’s surface. The 
child thinks of the sky as the interior 
of a great dome coming down to 
touch the earth not so very far away. 
Let us see if these views are equivalent 
as far as illumination goes. In the 
first place, if we keep the brightness 
constant we may replace all cloud 
faces by their projections in our di- 
rection of sight, and in the second 
place we may arrange all these pro- 
jections at a uniform distance away, 
sliding each along on its normal and 
making its linear dimensions change 
in the same ratio as its distance away 
changes. By this means we are able 
in thought to transform the real sky 
into the spherical one seen by the 
child, and we have done this without 
changing the illumination which it 
produces at the center. Because this, 
spherical sky lends itself to certaim 
easy methods of treating the problem, 
of illumination, we shall generally. 
find it convenient to adhere to this. 
mental picture in all which follows, 





FIG, 17. 


In Figure.17; BCDE is intended to 
represent "an clemeut? dyed very 
small part, of this bright spherical 
surface which we now call the sky. 
The center of the sphere is at A, and 
we wish to find the illumination on a 
horizontal surface at A due to this 
one element. of sky. Let B be ‘the 
brightness of the sky in candles per 
square foot. Let f’ be the area of the 
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element of sky which is so small that 
each of the lines AB, AE, etc., repre- 
senting the radius R, make the same 
angle (@) with the normal. We shall 
at present measure R in feet and /’ in 
square feet. From what we have 
seen above we know that the illumina- 
tion, 1, on the horizontal surface at A 
due to the element of sky is given by 
the expression, 


/ 


1=BE 


Now since @ is the angle between 
the normal to the sky-element and 
the normal to the plane, it must also 
be the angle between the element and 
the plane. We see then that f’cosé is 
the projection of the element on the 
plane. In Fig. 17 the area bcde rep- 
resents the projection of BCDE on 
the plane in question. If this projec- 
tion of the sky element be called f, 
then we have, 


bede = jf’ cos 0 ==} 
Making this substitution in the ex- 


pression for the element of illumina- 
tion we have, 


cos 4 





B 

This equation means that the il- 
lumination at A due to the area f’ of 
sky is equal to the product of the sky- 
brightness B, in candles per square 
foot, into the projected area, f, in 
square feet, divided by the square of 
the radius, R, in feet. 

We now have the expression for 
the illumination at A of a single very 
small element of sky. That for every 
other sky-element will be of the same 
form, and the whole illumination will 
be obtained by adding together the 
several partial illuminations. If we 
have n different elements of sky, we 
may express this whole resultant il- 
lumination as, 


I—Bf,/R?+B},/R?+Bj,, R?+....... +Bj,/R? 


In this expression for the total il- 
lumination we notice that both B and 


= 
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R* are constants, so we may write, 
B 
Tm 5 CA + be Hig Hever heya 


Now these f’s are the projections on 
the plane in question of the several 
sky-elements, and it is evident that 
the sum of these projections is just 
the same as the projection on this 
plane of the whole visible sky taken 
at one time. Let the projection of the 
whole sky be represented by F, then 
we know that | 

P= fut fe ee ee + fn 
Inserting this in our expression for 
the total illumination it becomes, 

1 BF 


This equation means that the il- 
lumination due to the sky at any point 
of a surface is equal to the product 
of the sky brightness and the area of 
the sky projected on that surface, di- 
vided by the square of the radius of 
the sky. 

It may be interesting at this point 
to inquire what the illumination is 
upon a horizontal surface upon which 
light from the whole sky is free to 
fall, i. e., where there are no build- 
ings, trees, etc., cutting off the sky- 
light from this surface. F is the pro- 
jected area of the whole sky upon the 
horizontal plane. Whatever may be 
the. radius, R, of the sky, it is evi- 
dent that the projected area, F, will 
be the area of the circle which the sky 
cuts out from this horizontal plane. 
The: area: ‘of: thisscircle “1s Sark tee 
R then disappears from our value for 
the illumination, leaving, 

[=7B. 
If we take B equal to 250 candles 
per square foot, the numerical value 
for I comes out about 800  foot- 
candles. 2 

It will be evident that the illumina- 
tion due to the sky upon one side of 
a vertical surface will be just one- 
half that for the horizontal surface. 


(To be continued. ) 
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The Absorption of the Earth’s Atmosphere tor 
Light of Different Colors 


By J. S. Dow 


During the last six months there 
has been a prolonged discussion in 
the columns of the Electrical Review, 
London, on the question, ““Which are 
the light rays which penetrate the at- 
mosphere best, those of great wave 
length at the red end of the spectrum, 
or the blue-violet rays of short wave 
length?” In this article the writer 
proposes to follow this discussion, 
giving the references to the various 
letters, etc., which have been pub- 
lished on the subject, in order that 
those who care to do so, may follow 
out the subject in detail. 

The matter is now of practical in- 
terest because of the wide differences 
in color which are to be met with in 
the case of such illuminants as the 
flame arc and the mercury-vapor 
lamp. We are now approaching the 
stage of illumination when the spec- 
tral composition of illuminants will 
be completely under control, and will 
be varied according to the work the 
lamp is intended to perform. In 
lamps intended for lighthouse il- 
lumination, for instance, preference 
will be given to those rays which are 
particularly suitable for the purpose 
of penetrating fogs and mists. 

Before entering on this discussion 
it is well to make certain exactly what 
is meant by the “penetrating power” 
of a light. 

By this term the writer means sim- 
ply the capability of the rays issuing 
from a source to make their way 
through the atmosphere and_ the 
greater the “penetrating power” ofa 
light the less the loss of illumination 
in doing so. The penetrating power, 
thus defined, has nothing to do with 
the physiological peculiarities of the 
eye as regards color. It is to be noted 
that the penetrating power of a light 


should be judged by its power of il- 
luminating a surface (preferably at 
a fixed distance from the eye, as in 
a photometer). The distance at 
which a light itself can be seen de- 
pends on some physiological facts 
connected with the sensitiveness of the 
retina of the eye to light of different 
colors, and is not, therefore, a fair 
method of judging penetrating power, 
though, of course, this question is 
also of importance. 

The discussion originated in a let- 
ter from the Kitson Light Company 
(Electrical Review, July 27, 1906), 
pointing out that their incandescent 
gas lamps have, in several cases, 
proved much more satisfactory than 
the old white carbon arcs for light- 
house work. The explanation given 
was that the incandescent gas lamp 
was richer in the red and yellow rays 
than the arc, and that the rays at the 
red end of the spectrum penetrated 
the atmosphere best. 

This letter drew a reply from Mr. 
Bastian (Electrical Review, August 
3, 1906), who is well known as a 
maker of mercury-vapor lamps. Mr. 
Bastian declared that the penetrating 
qualities of the Kitson lamp were de- 
rived from the fact that the light is 
distributed over a greater area in an 
incandescent mantle than in an arc. 
From his experience of the mercury- 
vapor lamp he maintained that green 
and blue rays penetrate the at- 
mosphere best, and advanced as 
further evidence in favor of his opin- 
ion, the fact that distant objects, such 
as woods and mountains, appear blue. 

Mr. Marinier (Electrical Review, 
August 17, 1906), now drew Mr. 
Bastian’s attention to the fact that the 
red color of the setting sun was 
usually explained on the ground that 
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the tays, OT, the sunisuadetompience 
through a greater thickness of at- 
mosphere, and that the red rays were 
blocked less than others. According 
to Mr. Bastian’s theory the setting 
sun should appear blue. 


Mr. Marinier showed further that: 


the blue appearance of distant ob- 
jects in the evening was «due tomthe 
fact that the minute particles of dust 
in the air did not allow the blue rays 
from the sun to pass through. These 
rays were reflected hither and thither 
in the atmosphere, thus producing a 
blue haze while such rays as did 
come through from the sun had a 
golden or orange color, which by con- 
trast intensified the blue appearance 
of the haze. 
Solutions of 
chloride—any 


chalks 200 
solution containing 


small opaque objects in suspension— - 


show the same effect. By reflected 
light they appear bluish, but the light 
transmitted is reddish. 

A new writer “Sol,” in a series of 
letters, (Electrical Review, Septem- 
ber 14, October 12, November 23, and 
December 7, 1906), upheld this view. 
He pointed out that it was invariably 
dark distant objects—woods and 
mountains—which appeared blue. 
The blue appearance must, therefore, 
arise in the intervening medium; it 
could not possibly be blue light which 
had traveled to the observer from the 
distant objects. - Mr." Bastian «thow- 
ever (Electrical Review, August 31, 
October 5, October 26, 1906), was un- 
convinced. He maintained that the 
color of the setting sun was a “re- 
fraction” effect in which the red end 
of the spectrum reached us first, to 
be followed later by the blueness of 
twilight. He disbelieved in the 
theory that the air contained particles 
in suspension sufficiently minute to 
be comparable with the wave-length 
of light. He argued that the absorp- 
tion of the air was mainly due to 
water-vapor, which, he thought 
should transmit blue light — best. 
Finally he declared that he had found 
by experiment that the light from his 
mercury lamp penetrated fogs much 


silver 
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better than an arc,sin spite oi its pro- 
nounced green and blue constituents. 

The general belief up till now has 
been unquestionably that rays of long 
wave-legnth penetrated the  at- 
mosphere best, and the interesting 
suggestions of Mr. Bastian induced 
the writer to contribute an article to 
the Electrical Review (November 2, 
1906), in which he discussed the 
question in detail and gave a resumé 
of the evidence in favor of the ortho- 
dox opinion quoted above. 

Mr. Bastian’s suggestions seem to 
have been “first: putz forward in a 
paper before the Glasgow section of 
the . Instituttony Pot (ebicctricalge in 
gineers (Flectrical Review, June 8, 
1906), and to have been mainly 
founded on the results of an experi- 
ment with the mercury arc. 

This result was briefly as follows: 
The candle-power of the mercury 
lamp was found to vary enormously 
for different distances between the 
mercury lamp and the photometer. 
When the lamp~-was 1.86 metres 
from the photometer screen it had a 
candle-power of 14. But when the 
lamp was removed to a distance of | 
21:5. metres from the photometer it 
had apparently, a candle-power of 25. 

Mr. Bastian, in the paper referred 
to, tried to explain this curious result 
on the following two suppositions: 

(1): That the difference im» *in- 
trinsic light-density of the two sources 
results in the light from the source of 
smaller intrinsic light density (the 
mercury-vapor lamp) being absorbed 
to a less degree by the atmosphere. 

(2) That rays from the blue end 
of the spectrum penetrate the © at- 
mosphere best, and that this fact also 
favored the mercury Tanip “ar ithe 
greater distance. 

Now, whether they exist or no, to 
the writer it seems impossible that 
either of these effects could cause a 
change of this magnitude. 

For what would happen if the ab- 
sorption of only twenty metres of 
ordinary atmosphere could in any 


‘way alter the candle-power of a lamp 


from 25 to 14? ~=It would mean‘that 
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the inverse square law was quite inap- 
Diicaple=to, the calculation: of the 
ground illumination from a lamp. 

It would mean that not only lights 
of different colors but even lights of 
the same color and different light- 
density, could not be compared at dif- 
ferent distances on a photometrical 
bench, with consistent results. 

But flame standards can be com- 
pared against glow lamp standards at 
different distances with consistent re- 
sults, and (unless the illumination is 
very low) the writer has found the 
same to be true for lights of different 
color. 

In short, the writer believes that the 
experiments quoted by him in this 
article showed that the influence of 
atmospheric absorption on indoor pho- 
tometrical measurements is of trifling 
importance. 

What, then, was the explanation of 
Mr, Bastian’s experiment? In the 
article referred to, the writer gave 
his reasons for believing that it was 
probably due to the Purkinje effect. 
Unfortunately, Mr. Bastian, while re- 
fusing to accept the Purkinje effect 
as an explanation, did not state very 
exactly the conditions under which 
the experiment was made. He cid not 
actually state the exact nature of the 
lamp compared against the mercury 
lamp, but it was, apparently, a glow 
larnp. 

However, it seems certain that if 
this lamp differed much in color from 
the Mercury lamp, the Purkinje effect 
nist have been of importance at the 
extremely weak illumination Mr 
Bastian used. For, taking the ma-i- 
mum value of the candle-power of 
the mercury lamp, the illumination of 
the photometer screen works out 
to 25--(21.5)°=0.055 candle-metres, 
about. 7 | 

At illuminations like this results 
hundreds of per cent different from 
those at normal illuminations are eas- 
ily obtained. For instance, Sir Will- 
iam Abney shows that when the 
brightness of the yellow in an arc 
‘spectrum is about t-candle-foot, the 
maximum Itiminosity is in the yellow. 
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But when the illumination was re- 
duced to 1+132.5 Hefner-candle-feet 
(1. e., about 0.06 candle-metres) the 
maximum luminosity is shifted right 
out into the green. The luminosity 
curve is entirely altered. 

Weak illuminations like this, there- 
fore, tend to accentuate the  blue- 
green portion of the spectrum and 
would, therefore, favor such a source 
of light as the mercury-vapor lamp. 

Any experiment which is intended 
to investigate the penetrating prop- 
erties of a light must be made inde- 
pendent of physiological conditions by 
comparing two lights of exactly the 
same color. 

The writer, therefore, submits that 
Mr. Bastian’s experiment cannot be 
taken as evidence in favor of- either 
of his suggestions. 

In every day life we meet with 
many phenomena which seem to show 
that red rays penetrate best. Refer- 
ence has already been made to the red 
color of the setting sun and Mr. Bast- 


jan’s explanation of this fact. But, 


if the sun, when high in the heavens, 
is obscured by a mist, or smoke or fog 
or any other collection of minute 
opaque particles, the issuing rays of 
light again become orange or even red 
in color. 

The only fair test of the absorption 
of the atmosphere is the color of 
luminous distant objects. The writer 
has noticed that, when the atmosphere 
is misty, the more distant of a row of 
arc light or incandescent mantles, in- 
variably appear redder and redder in 
the distance. On the other hand dark 
distant objects often appear blue, be- 
cause the veil of atmosphere in front 
of them is colored ‘blue by the blue 
rays from the sun. These are turned 
aside by the minute suspended partt- 
cles in the air, and reflected hither and 
thither among them. 

It can be mathematically shown 
that the fact that light travels in 
straight lines is simply a consequence 
of the shortness of the wave-length. 

Light can, however, “turn corners” 
to a slight extent and it is supposed 
that rays of red light, being of great- 
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er wave-length, can turn corners bet- 
ter than the violet rays, and so work 
their way better amid the suspended 
minute particles of a fog. 

Electromagnetic waves, which are 
merely light waves of very great 
wave-length, have such good pene- 
trating power, that, so far from being 
stopped by a fog, they are able to pen- 
etrate even solid obstacles. 

On the other hand the ultra-violet 
rays of short wave-length beyond the 
blue and violet are so easily stopped 
by the atmosphere that their spectro- 
scopic detection is extremely difficult. 
So difficult, in fact, that Schumann 
obtained photographs of lines in the 
extreme ultra-violet only by working 
with a high vacuum which allowed the 
rays to pass from the source to the 
photographic plate without traversing 
any air at all. 

Mr. Bastian in his reply (Electrical 
Review, November 23 and 30), did 
not seriously attempt to refute the 
writer's suggested explanation of his 
experiments, but turned his attention 
to the other arguments from natural 
phenomena. He asserted, in the first 
place, that it was not strictly logical 
to argue about light waves from the 
behavior of electromagnetic and ultra- 
violet waves. 

By this time, he had apparently ac- 
cepted the idea that the blueness of 
distant objects was caused by the ir- 
regular reflection of blue rays by the 
intervening atmosphere. But he ar- 
gued that a transparent body which 
reflects blue light ‘best, must © also 
transmit blue light best, reasoning 
from the analogy of the leaves of 
trees which both transmit and reflect 
green light. To those who believe that 
the absorption of the atmosphere is 
ue chiefly to finely divided and sus- 
pended particles of dust, this analogy 
did not, of course, appeal. It must 
be questioned, too, whether the color 
of the reflected light from colored 
transparent objects is not due to its 
having partially penetrated into the 
object before reflection. 

However, having expressed his be- 
lef in the blue-transmitting powers 
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of the atmosphere, Mr. Bastian now 
found it necessary to explain why the 
sun, on a misty day, looks red. His 
explanation was certainly ingenious. 
He suggested that the sun must con- 
tain much more red light than blue. 

“We will imagine an illuminant 
composed of 60 per cent red light, 30 
per cent yellow hght, and to per cent 
blue light, and, for the sake of argu- 
ment, we will represent the conductiv- 
ity of the atmosphere for blue light 
by the figure 100, for yellow light 90 
and for red hight 80, and it is obvious 
that this illuminant, seen through a 
sufficient thickness of atmosphere 
would appear red, owing to the fact 
that there is most red light in its com- 
position and notwithstanding the fact 
that blue light is conducted somewhat 
better than the other two colors.” 

To the author this is not so very 
obvious, but it is certain that this ex- 
planation is quite at variance with all 
that is known about the sun. 

It is true that most of our artificial 
lights contain more red than violet, 
but this is stmply a consequence of 
their low temperatures of imcan- 
descence. In the carbon-filament lamp 
the maximum energy in the spectrum 
is right out in the infra red portions. 
The increase in temperature of the 
Nernst lamp results in this maximum 
being shifted nearer the visible por- 
tion of the spectrum, while it ts be- 
lieved that, at the enormous tempera- 
ture of the sun, the maximum is 
shifted right across into the ultra- 
violet portion of the spectrum with 
the result that the sun should contain 
more blue energy than red. 

This result was confirmed long ago 
experiments of Professor 
Langley (described in a lecture before 
the Royal Institution, 1885). Pro- 
fessor Langley mapped out the energy 
of the solar spectrum at the base and 
also at the summit of Mt. Whitney 
(15,000 feet), one of the highest peaks 
in the Sierra Nevadas, where the at- 
mospheric absorption is, of course, 
verv much less. (It is estimated, in- 
deed, that one-half the total mass of 
the atmosphere lies within the first 


THE ILLUMINATING ENGINEER. 


four miles from the earth.) The gen- 
eral nature of his results is shown in 
the diagram. 
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At the summit of Mt. Whitney the 
energy increased far more rapidly :n 
the blue than in the red, and the point 
of maximum energy had already been 
shifted into the extreme blue of the 
visible spectrum. Professor Langlev 
calculated that if the absorbing in- 
fluence of the earth’s atmosphere were 
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removed, the sun would appear blue; 
and the point of maximum energy 
would be shifted into the ultra-violet. 

In conclusion, therefore, the author 
thinks that the existing evidence is 
strongly in favor of the assumption 
that rays of great wave-length pene- 
trate the atmosphere best. It is only 
fair to note that Professor Langley 
purposely chose for his experiments a 
district comparatively free from fogs. 

In a thick yellow fog the condition 
of things must be different, but prob- 
ably in a direction still more unfavora- 
ble to blue light. 

On the other hand, it is quite possi- 
ble that there may be other factors 
which are still more important in the 
design of a lamp for use in a fog. 

The writer is inclined to agree with 
Mr. Bastian that the notorious bad 
qualities of the white arcs in a fog 
cannot be wholly explained on the 
ground of its spectral composition, 
and though Mr. Bastian’s interesting 
theory as to the importance of “‘light- 
densitv” in a source, cannot he re- 
garded as a_ trustworthy deduction 
from Mr. Bastian’s experiments, yet 
the suggestion is worth consideration. 
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Inverted Incandescent Gas Burners 


Bw CaKce We 


The popularity and excellence of 
the inverted gas burner is one of the 
most astonishing developments of the 
science of gas lighting. Prior to the 
autumn of 1904 the burner was prac- 
tically unknown, the few that had 
been made, were incomplete, bad in 
construction and looked askance at by 
most of those who had been privileged 
to see them. 

Inverted burners, however, were 
not to remain in obscurity for long, 
for at the very popular Gas Exhibi- 
tion, held at Earls Court, London, 
England, in the latter part of the 
year 1904,-there were several ex- 
cellent exhibits, and inverted burners 
with their chaste fittings and ethereal 
glassware were one of the sensations 
of that very successful exhibition. 

_ There is practically no history to 
this burner; it became a success al- 
most at once and revolutionized the 


fashion in gas fittings in place of 
heavy, ponderous chandeliers and 
brackets. Makers turned their atten- 


tion to the adapting of electric light 
fittings to the necessities of the in- 
verted burners. Especially this was, 
and is, the case with single central 
lights and brackets. We _ will not, 
however, in this article attempt to 
deal with the question of fittings but 
reserve “t:. 1014, future; number 
Looking through the files of the 
technical press we find only one really 
instructive article upon the science or 
art of illumination by means of in- 
verted burners, and that appeared in 
1905 in the columns of the Journal fur 
Gasbeleuchtung. It was originally 
contributed in the form of a paper be- 
fore a meeting of the members of the 
German Association of Gas and 
Water Engineers; and is from the pen 
of the gifted scientist, Professor H. 
Drehschmidt, chemist of the Berlin 
Municipal Gas Undertaking. 
Commenting upon the position oc- 
cupied by the upright incandescent 
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gas burner he drew attention to the 
advantage of the electric arc light, 
by reason of the fact that it emits the 
greater part of its light in a down- 
ward direction, whereas with the 
ordinary form of incandescent gas 
burner most of the light is upwards. 
By means of reflectors, screens, and 
globes the best has been made of this 
unfavorably distributed light. Some 
reflectors in use only diverted 6.5 
per cent of the upward light but the 
Holophane system adds a more ef- 
fective value to the diverted light. 
Recently, he says, a more satisfactory 
distribution of light evolved has been 
secured through the medium of the 
inverted incandescent gas burner. 
Opinions appear, at that time, to 
have differed very much as to the 
benefits to be derived by the use of 
this new burner; in Germany its ap- 
plication -was very restricted, our 
prominent technical man going to the 
length of saying it was a fraud. Even 
in Great Britain, as recently as May, 
1906, Mr. H. O’Connor, an authority 
upon gas matters, said he “supposed 
that there was nothing so unscientific 
with which gas is used as the in- 
verted burner. It was entirely op- 
posed to all the principles of com- 
bustion. They were trying to make 
the flame burn downwards instead of 
upwards. They were making it do 
so and they were taking what heat 
they could ‘get fromeit to-heatatie 
mantle; but it was entirely against all 
theories of heat rising and of the is- 
suing “Of \oas, = Berths easeitaimay. 
the inverted gas burner is very much 
with us, it has caught the public’s 
fancy, and, we believe, whether the 
system is perfect or imperfect, the in- 
verted burner has come to stay. 
Returning to Professor Dreh- 
schmidt’s experiments: He _ pro- 
ceeded to test the illuminating power 
of the burners at different angles, 
for which purpose he used the ap- 
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FIGS. 1 AND 2 


paratus illustrated in Figs. 1 and 2, 
which are thus described: A mirror 
set at an angle of forty-five degrees is 
fixed on a revolvable axle, which is 
firmly attached to a_ parallelogram 
built up of rods. To one angle of this 
parallelogram is fixed the arrange- 
ment which supports the burner. Thus 
when the parallelogram is _ rotated, 
the burner retains its vertical position. 
The light which falls on the mirror, 
at any angle of radiation, which angle 
is determined by the position of the 
parallelogram, is_ reflected horizon- 
tally2= if the apparatus, ‘therefore, is 
set up so that this light is reflected 
in the direction of the axis of a pho- 
tometer-bar, its intensity can be 
measured as readily and as quickly as 
a measurement of horizontal illumin- 
ating power. 

With regard to the form of the 
burner and mantle, the inventor, says 
the professor, appears to have thought 
that the combustion gases must pass 
through the mantle in order to give 
up their heat to it and so raise it to 
incandescence. This idea still per- 
vades the construction of ‘some di- 
verted burners, but the later types 
have the burner mouth of much small- 
er diameter than the mantle, so that 
there is a space between burner and 
mantle for the escape of the heated 
gases. Should, however, this space 
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be closely filled up, the gases will pen- 
etrate the mantle, a considerable loss 
of illuminating power will ensue and 
the flame will become smoky. If a 
smoking burner is watched it will be 
seen that the soot deposits on the 
burner tube, a certain indication that 
the combustion gases have passed be- 
tween the burner tube and the mantle 
ring. A properly constructed inverted 
burner should, therefore, provide, be- 
tween the mantle and the mouth of 
the burner, a free space which must 
not be too narrow, but admit the ready. 
passage of the gases produced by the 
combustion of the gas. 

~The earliest form of mantle used 
on the inverted burner was open- 
ended, like those used on the upright 
burner, but a mantle that was closed 
below was soon adopted; the upper 
or open side was firmly secured by 
asbestos thread, a ring of metal, mag- 
nesia or other composition; the ring 
had projections for hanging the man- 
tle on; a variety of methods were 
adopted to secure the mantle to the 
burner. These burners did not find 
much favor, even though they were 
free from the evil of lighting-back. 
They, as a rule, emitted an unpleas- 
ant smell and injured fittings 
by the escape of the products of com- 
bustion. The next advance was the 
introduction above the mantle of a 
deflecting plate as guide, made var- 
iably in metal, porcelain or other ma- 
terial with the object of diverting the 
products so that they passed well out- 
side the burner. 

The mantles were protected by a 
variety of glass globes or shades, 
which, in addition, gave the necessary 
euirrent..of ait. Dis draught was 
sometimes increased by placing a 
chimney tube above the mantle, but 
such an arrangement spoiled the ap- 
pearance of the burner. 

Another point to be carefully con- 
sidered in the use of inverted burners 
is the control of the gas supply. The 
inflow of primary air will have to be 
regulated in accordance with both the 
quality and pressure of gas supplied ; 
it is most advantageous to use gas of 
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uniform pressure. The inverted burn- 
er, in its early form, was fitted with 
short mantles, and the opinion was 
very freely expressed that except for 
local light, over tables, reading desks, 
etc., they would be of little use, and 
were not in any way suitable for the 
lighting of rooms. Experience taught 
the makers that with lengthened man- 
tles more lateral illumination was pos- 
sible and much higher efficiency ob- 
tained. 

We will now go back to Professor 
Drehschmidt’s experiments of which 
we are able to give diagrams. 

The burners used were, G, an old 
inverted burner without any proper 
lateral discharge of the products of 
combustion; P, a burner in which 
the products were carried away on all 
sides by means of a deflecting plate ; 
W, had a chimney tube and a hem1- 
spherical globe closed below; while 
M represents a burner in which the 
primary air has been previously heated 
and the products of combustion car- 
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ried off on one side only. 

Fig. 3 shows the distribution of the 
light of all fair burners, and of the 
ordinary Welsbach burner in differ- 
ent directions. The actual intensity 
has been disregarded, and the illumin- 
ating power in a horizontal direction 
is taken as equal in every case to I00. 
With a Welsbach burner only 45.8 
per cent of the light is thrown below 
the horizontal; whereas with the in- 
verted burner W the proportion is 
63.1 per cent, and with the M burner 
65.5 ._per cent. The distributian <of 
the light over the whole lower hemi- 
sphere was also most _ satisfactory; 
with the burner M, not only was the 
radiation directly downwards good, 
but the radiation sideways was always 
good enough to afford satisfactory 
general illumination and even up- 
wards there was sufficient light from 
this burner to prevent the ceiling of 
the room being in darkness. If it 
were desired this upward light could 
be deflected downwards by means of 
a reflector which can be fitted more 
satisfactorily to the inverted than to 
the upright incandescent gas light. 

Fig. 4 is perhaps a still more in- 
teresting diagram. It shows, graph- 
ically, the light in Hefner units* ob- 
tained per 100 litres, 3.53 cubic feet, 
of gas consumed in the different burn- 
ers. It will be seen from this diagram 
that, with the exception of burner G 
the inverted considerably surpasses 
the ordinary incandescent light in re- 
gard not only the lower hemi- 
spherical light, but even to the 
total spherical brightness. The 
superiority of the inverted burn- 
er is its most essential particu- 
lar, viz.: mean lower hemispherical 
brightness is apparent, from the gas 
consumption per candle hour, which 
amounts to 0.08 cubic foot with the 
ordinary upright incandescent burner, 
and 0.043 cubic foot with the best in- 
verted burner. Professor Drehschmidt 
adds, it is unnnecessary to discuss the 
curves further, as they show, he says, 
clearly the great superiority of the 
inverted burner. 

Still, he says, it will be profitable 





* One Hefner per roo litres equal very nearly 4 
candlejper cubic foot. 
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to compare the distribution of the 
light with that of the electric light, 
Pwiicheis, of course, the principal 
competitor with incandescent gas 
lighting and to see how the inverted 
eas burner stands with regard to the 
competition in that particular, as dis- 
tinct from cost. This comparison is 
shown diagramatically in Fig. 5. The 
horizontal illuminating power is taken 
as equal to 100, except in the case of 
the flame arc light, of which the hori- 
zontal value is very small. Its great- 
est lighting power is at 90 degrees 
below the horizontal; and this has 
been taken for the purpose of the dia- 
gram, as equal to that of an inverted 
burner at 80 degrees below. 

It will be noted that the carbon- 
filament electric glow lamp, the Os- 
mium and the Nernst lamp with verti- 
cal filament, all develop nearly as 
much light above as below the hori- 
zontal. and so stand at a palapable 
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disadvantage when compared with the 
inverted gas burner. The flame arc 
light, although it emits all its light 
downwards, is inferior to the inverted 
gas light, because it has too little 
lateral lighting power and is not fitted 
for general illumination. of either 
rooms .or streets. The | ordinary 
electric arc light develops most light 
in the lower hemisphere; being 
strongest at an angle of thirty degrees 
below the horizontal; both hori- 
zontally and vertically downwards it 
is relatively inferior to inverted gas 
lighting. Professor | Drehschmidt 
gives it as his opinion that the curves 
demonstrate that the inverted gas 
light of the best type distributes its 
light far more favorably than any kind 
of electric light. 

The later form of inverted gas 
burners afford more lateral illumina- 
tion than the earlier ones, and so it 
seemed worth while to study their ef- 
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Tectiveness- "101 street “io ntino erie. 
6 shows graphically the illumination 
of the surface between lanterns placed 
twenty-one meters (about seventy 
feet) apart and with the light about 
twelve feet from the ground for the 
inverted burners referred to as W 
and M, and ordinary incandescent gas 
burners, with and without reflectors. 
The half of Fig *6--on, thevdleftghand: 
refers to the burners with horizontal 
illuminating power taken as equal to 
100, and the right hand half to the 
same burners at their absolute il- 
luminating power. In both cases the 
inverted burner is shown to be su- 
perior. 


So much for the inverted burners 
from the scientific side, and in com- 
parison with other means of illumina- 
tion. We will now make some short 
reference to the inverted gas burners 
that were exhibited in London in 
1904. Fig. 7 illustrates the globe in- 
verted burner complete with 6-inch 
adapter fitted to an ordinary gas 
bracket. These burners were made 
vertical as seen in the illustration or 
could be inclined at an angle to suit 
any special requirements.” In this 
burner the gas and air were pre- 
heated prior to, burning. Fig. 8 
shows the method adopted for hang- 
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ing the mantle in this particular form 
of burner. 

Fig. g is claimed to be the original 
inverted gas burner and to give the 
maximum light with the minimum 
consumption of gas. Fig. 10 shows 


us a miniature burner known as the 
Bijou, both burners were manufac- 
tured by the New Inverted Gas Lamp 
Company, of whose later burners we 
shall presently have something to 
say. , 





FIG. 7.—THE GLOBE INVERTED BURNER 
COMPLETE WITH 6 INCH ADAPTER FIT- 
TED TO AN ORDINARY GAS BRACKET. 
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RIG. Or THE ORIGINAL INVERTED GAS 
BURNER. FIG I10.—THE BIJOU. 
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In Fig. 11 we have the earliest at- 
tempt to produce an inverted cluster 
lamp, for which the makers, Messrs. 
IE e& WeebSsomith-clammnedsthate tt 
would give “a larger volume of light, 
better diffused and steadier than any 
electmierarc. at a-itaction ot tic-eost4 
The modesty of the claim will be ap- 
preciated, but we must add that the 
firm have done excellent work as il- 
luminating engineers, especially in 
connection with street-lighting and 
outside lamps. 


THE NEW FATENT 


INVERTED INCANDESCENT 





7 Easily Kdapted 
To Ordinary Fittings 
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The cluster of fittings shown in 
Fig. 12, are included in order to il- 
lustrate the type of brackets and 
pendants that were at that time being 
designed for the use of inverted gas 
burners by the Sunlight and Safety 
Lamp Company. 

There were only two other exhibi- 
tions of inverted burners at the 1904 
Exhibition. Messrs. Wright & But- 
ler showed their “Darwin” burner, 
and the Star Inverted Incandescent 
Burner Company. The specialties of 
both these firms are prominently be- 
fore the public and will be reviewed 
in this article. 

During the last few weeks and in 
part to gather information for the 
columns of THE ILLumMinaTING En- 
GINEER, the writer visited the princi- 
pal manufacturers of inverted burn- 
ers in London and Birmingham. 

Perhaps the most novel form is 
that known as the “Electroform,” Fig. 
13. It will be noted that in shape it 
is quite a departure from what has 
become almost a strictly pea shape. 
It is claimed that it is the only in- 
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verted light which burns at the same 
angle as the electric light. The illus- 
tration shows the position of the 
mantle, the globe is closed at the bot- 
tom, the Bunsen tube is isolated from 
the burner so that lighting-back is 
practically impossible. The construc- 
tion of the Bunsen provides for three 
fresh air supplies, the gas supply can 
be regulated by the milled head at the 
top. ‘Iwo or three burners can be 
fitted to one bracket, or to each arm 
of a pendant all regulated with one 
regulator. With this form of burner 
no. adapter is necessary. [he “il- 
lumination both lateral and vertical, 
is of great intensity. With a con- 


4) sumption of 21% cubic feet a duty of 


seventy to eighty candles is obtained. 

Fig. 14 illustrates one of the latest 
forms of inverted burners manufac- 
tured by the Welsbach Incandescent 
Gas Light Company, known as the 
“Angle” burner. The drawing rep- 
resents this particular form as used 
tor a Genr? lamp Gandesmantle 


The principal advantage is that the 
products of combustion 


cannot-- be 





FIG. I5.—THE ‘‘IDEAL”’ 
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drawn into the mixing chamber or 
tube. For these Angle burners spe- 
cial pendants and brackets have been 
designed, in order to harmonize with 
the horizontal arm of the burner. 
This form of burner is also adaptable 
for outdoor lighting. 

erie ekecal) “io. 19, is the in- 
vention of Messrs. Cope and Tim- 
mins, of Birmingham. In the head 
of the fitting a regulator is arranged 
which adjusts the gas supply. A spe- 
cial metal disc on the down tube fixes 
the mantle securely in position, so that 


it cannot fall although the burner be 


fixed at an angle... The hurners are 
made in several sizes and have a con- 
sumption of gas ranging from 3% to 
14% cubic feet per hour. 

A popular burner is the “Darwin,” 
made by Messrs. Wright and Butler, 
of London and Birmingham; the 
firm has taken much care in the pro- 
duction of their inverted burners. Fig. 
16 shows the general form. The burn- 
er has a special mixing chamber 
which the inventors claim to be the 
reason for so high an efficiency be- 
ing obtained. Mr. Harold E. Copp, 


Engineer of the West Brauwich 
Corporation Gas Works, made a 
series of exhaustive tests, with a 


standard 60-inch Letheby type pho- 
tometer and Harcourt’s standard 10- 
candle Pentane lamp. The observa- 
tions, of which we give a summary, 
were taken by Simmance and Abady’s 
flicker photometer. The burners were 
tested at intervals of ten degrees 
from horizontal to seventy degrees 
and it was found that in each case the 
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light increased uniformly up to the 
latter angle. When the angle of sev- 
enty degrees was exceeded the mantle 
became visible through the hole in 
the bottom of the globe; the light not 
having to pass through the glass, the 
reading in each case is higher. The 
tests were made with coal gas, with- 
out admixture of any water gas. 


Another form of inverted burner 
is shown in Fig. 17. This Messrs. 
Wright & Butler call the horizontal 
burner, and they claim for this burn- 
er that it cannot blacken fittings. It 
will be noticed that it can be used for 
either brackets or pendants. The 
products of combustion pass inside 
the coronet and so prevent any dis- 
coloring or tarnishing of the fittings. 


The Star Inverted - Incandescent 
Burner Company, London, was one 
of the first firms to introduce  in- 
verted burners. Fig. 18 shows the 
burner and mantle which is fixed with 
a bayonet attachment in such a 
manner that the burner can be fixed 
on a bracket or other fitting at any 
angle without fear of its falling off. 
Fig. 19 shows the same burner with 
bye-pass and pilot light. These burn- 
ers can be used with or without 
globes. With a consumption of 2% 
cubic feet a downward light of 70- 
candle-power is attained. Fig. 20 il- 
lustrates another form of inverted 
burner, mantle and shade designed 
for shop lighting, which are fitted up 
with flexible metal tubes and can be 
hooked back in much the same way 
as the electric glow lamp. 
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Cubic it. Pressure corrected to 
No. of Angle of gas of gas normal to normal 
ee : i iti temperature temperature 
tests per hour. intensities p 
and pressure. and pressure. 
150 
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We did not intend to touch 
upon the inverted gas burner 


for street lighting, but cannot refrain 
from drawing attention to the adapta- 
tion of the Star inverted burner to 
street lanterns, Fig. 21. This- has 
been done under the direction of Mr. 
WeooR, Herring ole lnst Ce, ei 
gineer of the Edinburgh and Leith 
Corporation Gas Undertaking, who 
made a series of most exhaustive 
tests of inverted gas burners before 
the Star burner was adopted. The con- 
sumption is 2% cubic feet of gas per 
hour and a downward illumination of 
70 candles. The following is a de- 
scription of the principal parts of the 
burner as fitted in the ordinary street 
lamps) aie Edinbugen (cecum ioe). 


A. Special cock with bye-pass to 
flash light. 


5. . Burner. 

Cy, Hlashiieht 

D. Earthenware reflector. 
Hen Opper. cone: 


Mr. Herring in a report published 
in the Gas Journal at the request of 
the editor said: “We have, I believe, 
tested every make of “burner now 
(April, 1906). on the market; and the 
following scale is the best possible il- 
luminating power, at the consumption 
and pressure named that could be ob- 
tained. One word perhaps should be 
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added with regard to these illuminat- 
ing power tests, and that is to men- 
tion that the calorific power of our 
gas (Scotland) is greater than in 
England; averaging about 7oo B. 
thw: 

We thought these figures would 


be appreciated. All who know 
Mr... Herring. adaut-= (hates elus 
tests are accurate and that he 


would not make so radical a change 
as the adoption of inverted gas burn- 
ers for street lamps unless he had 
made quite sure that it was worth 
while and that the streets would be 
better lighted and cost less money to 
do it. 

The last series of inverted burners 
that we shall draw attention to are 
those of the New Inverted Incan- 
descent Gas Lamp Company, of Far- 


ringdon avenue, London. This com- 


pany was one of the early ones in 
the field and their burners are in much 
demand. We illustrate, Figs. 22 and 
23, their large burners. Of these they 
say 180 units of electricity with three 
16-candle-power electric lamps givea 
light equal to 48 candles for 1,000 
hours and with a-current atvod=per 
unit’ would costs 240 1Osn( 621.00); 
The large inverted burner, referred to 
will give 65 candle-power for the 
same number of hours at a cost of 


os: ($2.16), taking eas atess> .G72c)) 





ILLUMINATING POWER TESTS ON VARIOUS MAKES OF INVERTED BURNERS. 
(EDINBURGH GAS) 


Index to Pressure Consumption Candle-Power Candle-power 
burner tests per cubic foot. 
Jet 23 2.20 59-5 G5 757 
B 20 Pa Gib 64.0 23061 
C 20 27 70.0 De) AS 
D 1s 2.84 74.0 20.05 
E 154 2.75 75.0 27:27 
F go 2.95 59.0 20.00 
G 16 Ply OL scr it 
eae 18 2.62 64.0 24.42 
i 18 I.go 30,0 20.52 
J ue 2.65 78.0 20.43 
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30 
The names of the makers have not bee 


nN 


54 
divulged. 
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FIG. 22.—THE NEW INVERTED INCANDES- 
CENT GAS LAMP CO., OF FARRINGDON 
AVE., LONDON, LARGE BURNER. 


per 1,000 cubic feet. Figs. 24 and 
2yeateeiypes ot the Bijou burners. 
These lamps give 20 candle-power 
and the cost for 1,000 hours with gas 
ieee 7268). per 1,000. cubic feet 
would be something less than 3s. 
These lamps are, we believe, being 
manufactured under American pat- 
ents by the Ramsdell Inverted Gas 
Lamp Company, and it will, we are 
sure, be of interest to readers to know 
that on this side the business is under 
the direction of several leading gas 
engineers, that the output is very 
large, and that. the company’s pro- 
ductions are most highly thought of. 
We will append a table showing a 
series of tests carried out by Mr. 
James Foreman, a photometrician of 
standing in England, whose name we 
have already brought under the no- 
tice of readers of THE ILLUMINATING 


ENGINEER. 
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FIG. 23.—THE _NEW INVERTED INCANDES- 
CENT GAS LAMP CO., OF FARRINGDON 
AVE., LONDON, LARGE BURNER. 





FIGS. 24 AND 25.—TYPES OF THE BIJOU 
BURNERS. 
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NEW INVERTED GAS BURNERS. 


New Inverted Bijou Burn- New Inverted Burner Por- 


Description er (Porcelain deflector celain Deflector with globe. 
with globe) 
Barometetun eee 30 inches 30 inches 
Thermometer . omeeeé 58° Pahr 58° Pahr. 
Quality 16 candle- flame......... 16.3 candles 16.3 candles 
Calorific power (gross)... ate 620 B: Th. ue 620°B: Ph 
Pressure in inches of Water..... 223 inches 2.4 inches 
Gas Consumption in cubic feet 
per hot (isetie ea ee hae 1.2 feet 22 2 tece 
Candle-power horizontal........ 16.60 5272 
EQ eS ay rca ee Spe 18.83 50.50 
DONG Are Ronee brea LO ay 53-46 
BOBS BS Teer ct peers 19.63 55.50 
BOWS. SL 0 eae TS.806 53-45 
BOCs” hae OE ee EO 231 52.04 
POPs EIN gy Merete 18.33. 56.78 
POSS = i = eee EO). 20 52°30 
BONUS ols Ve eee a2 378 C7 ake 
GOSS 9 oe eee cee 22.00 rege 
Candle-power, mean aeuuepher- 
ical. Ae 19.104 54nO82 
Candles per cubic foot . ieee £5,..020 16.880 
Cost of gas per 1000 hours at 2s. 
6d. per 1ooe © £4. (ec. cs os: ‘7.69 cd. 


At the moment of writing we have 


received the current number ofthe Gas 


Journal, which reports that a revised 
and extended text of the lecture by 
Professor Drehschmidt has been pub- 
lished in the Journal fur Gasbeleuch- 
tung, and gives an abstract transla- 
ton Of the same ws opace = Wille mor 
permit any lengthy reference, but the 
following table read in conjunction 


Tigges 


with the figures given in the early 
part of this article will bring the sub- 
“ject more closely up to the rapid im- 
provements that have been made. 
The review of inverted incandescent 
gas burners is by no means exhausted. 
The patent record gives a very posi- 
tive proof of many new methods be- 
ing put on the market to court the 
public favor. 





ILLUMINATING POWER OF INCANDESCENT BURNERS. 


Description of tests. 


Consumptien per Bour cubic feet....°.... 
Horizontal illuminating power candles.... 
Mean illuminating power spherical 
Lower Nemispieriteal .”..0 sae cee 
Mean illuminating power spherical per cent 
of horizontal 
Mean illuminating power, lower hemis- 
pherical percent of horizontal. ....:.. 
Candles per cubic foot per hour consumed 
For mean spherical illuminating power. 
For mean lower hemispherical iluminating 
power: ...: is Built ah pi Ske eee 


The gas pressure was in all cases 40 mm = 16. 


Upright Inverted burners 
Burner 
without Clear globes Opal globe 
Reflector 
COME? Gor eeey Cs? 
(best in (best-inm . (Best in 
1905) 1906) 1906) 
Ae a Ae EeRg es Bale 
78.9 78.9 95-9 74.0 
59.8 68.9 76.8 52 
54.6 go.4 IOL.5 5D. 5 
a5 O73 STO OF 27 
69.1 114.4 106.9 75.8 
he ee fl 7 O° oY Maes ih 15.80 
12.36 23,08 31.94 (7.65 
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‘THE RELATION OF ILLUMINA- 
TING ENGINEERING TO COST 
OF LABOR 


The treatment of illumination as 
an engineering problem, and the es- 
tablishment of illuminating engineer- 
ing as a distinct profession, is un- 
-doubtedly due in a large measure to 
the enormous waste in the prevailing 
methods of lighting. So wasteful have 
been the methods in common use that 
they have attracted the attention of 
those entirely unskilled in the pro- 
duction of light, as well as those who 
have assumed the responsibility of the 
installation and use of such lights. 
For this reason it is quite natural and 
legitimate that the illuminating en- 
gineer should urge the greater econ- 
omy in the production and use of light 
as one of the chief reasons for the 
employment of his services. The pros- 
pect of reducing lighting bills is un- 
doubtedly one of the most attractive 
arguments that can be advanced to 
the layman to induce him to consider 
the employment of an_ illuminating 
engineer, with the attendant fees and 
possible expense of changes in in- 
stallation. The comparatively few 
cases in which large installations have 
been either designed or remodeled on 
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engineering lines amply justify this 
claim for economy. In all cases where 
economy has been the object sought, 
the saving effected has exceeded 
expectations. 

The mere saving of a certain per- 
centage of the total cost of light pro- 
duction, however, is by no means the 
chief object in illuminating engineer- 
ing. The cost of lighting in any case 
is but a small fraction of the total 
“fixed charges” of which it forms a 
part; and this is true as well for the 
small installation of the private house, 
as with the largest plants. 

Artificial illumination is one of the 
first and most important utilities of 
modern civilization; and the first ob- 
ject sought, and to which all other 
considerations must be subsidiary, is 
the production of such an illumination 
as will most fully satisfy the condi- 
tions under which it is to be used; 
and this is equally true of the small- 
est and largest lighting systems. For 
example, in the case of a single lamp 
to be used for reading, the question 
of first importance is to obtain such 
an illumination as will permit read- 
ing with the greatest possible degree 
of comfort, and any variation from 
this aim for purposes of economy is 
a complete perversion of the funda- 
mental principles of engineering. 
Similarly, in the lighting equipment 
of a counting-room or factory; if the 
illumination does not enable the ac- 
countants or operators to produce re- 
sults as nearly as possible equal to 
those which they are capable of pro- 
ducing under good daylight condi- 
tions, the system must be considered 
a failure, no matter how cheaply 
maintained. <| 

Tt is a well-known fact that the 
cost of labor makes up by far the 
greatest proportion of the total cost of 
all finished products. This, of course, 
includes the cost of non-productive 
labor, such as accounting, selling, etc. 
Compared with the labor cost in any 
given article, the cost of the illumina- 
tion necessary in its production is a 
mere trifle. If one will stop to do a 
little figuring, it will be seen that the 
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loss in efficiency of the workman by 
poor illumination represents a _ far 
greater loss than even the most waste- 
ful methods of producing and utiliz- 
ing the ight. Take as a simple illus- 
tration the case of a workman re- 
ceiving 50 cents per hour, which will 
probably come somewhere near the 
average for skilled labor at the pres- 
ent time, “At 10 centseper ky nh wtor 
electric current, which may be taken 
aS a maximum in cases of large in- 
stallations the ordinary 16-candle- 
power lamp costs about one-half of 
a.cent an hour, or I per cent of the 
cost of the workman’s time. The 
cost of such a lamp for a day of ten 
hours, would, therefore, amount to 5 
cents, or the workman’s wages for 
six minutes; in other words, if the 
workman lost six minutes’ time on ac- 
count of poor illumination, it would 
equal the cost of a lamp, sufficient in 
most cases for all the special light he 
would require for an entire day of 
ten hours, 
rent is generated in connection with 
the general power plant, and repre- 
sents little more than the actual cost 
of fuel, these figures would be re- 
duced to one-fifth the amount given. 
In other words, a_ skilled workman 
would have to loose only about one 
minute of his time during a day of 
ten hours to equal the cost of a 16- 
candle-power lamp for the same 
period. 

If an exact computation were pos- 
sible of the loss represented in both 
the quantity and quality of the out- 
put of labor due to improper or in- 
sufficient illumination, the grand 
total would put in the shade the most 
extravagant estimates of loss due to 
wasteful methods of production and 
distribution of light. In urging the 
claim of illuminating engineering this 
important and indisputable fact should 
not be lost sight of. 





THE COMMERCIAL RATING OF 
ARC LAMPS 

The unscientific, misleading, and 

wholly illogical methods of com- 
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In cases where the cur- — 


mercially rating light-sources has 
been brought into special prominence 
recently by the case of the city of 
Colorado Springs against the com- 
pany which has been supplying the 
electric lights to the city. 

In 1898 the city granted a franchise, 
under which the grantee was required 
to supply “standard 2,000-candle- 
power arc lights” for lighting the city 
streets, at a certain specified amount 
per month. At that time the familiar 
g.6-ampere d..c. open arc lamp was 
in general use. Subsequently, a eon- 
tract was made with another company 
for the lighting of the streets. This 
company, after making a demonstra- 
tion in one of the streets, substituted 
the 6.6-ampere a.c. inclosed are lamp 
throughout the city. This change 
was made without any formal action 
on the part of the City Council, and 
was accepted without question for 
several years. Finally, a company 
operating under the original franchise 
assumed control of the street lighting, 
and continued the use of the same 
lamps. 

After about sixteen months’ opera- 
tion the city authorities discovered, 
by some means, that the arc lamps in 
the streets were “not giving 2,000- 
candle-power,” and a claim was im- 
mediately put into the company for 
rebates during the time that the new 
form of lamp had been in use, and 
refused to pay any bills for lighting 
thenceforth. 

In order to settle the dispute, the 
matter was recently submitted to a 
board of arbitration, for which there 
is a special provision in the laws of 
Colorado, and the case was heard 
during the first part of the present 
month. This hearing was noteworthy 
in several respects. It is probably 
the first time that the question as to 
what lamp of the alternating inclosed 
type may be considered, from the 
illuminating point of view, as equiva- 
lent to the old open arc, d. c. type; 
and in trying to arrive at a legal ad- 
judication of this question, the whole 
subject of the rating and photometry 
arc lamps received probably a more 
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complete thrashing out by the best 
known experts in this country than 
has ever taken place on any single 
occasion before. Dr. Louis Bell, Mr. 
mouse w oe \iatks,  §Prof.., C.. P.: 
Matthews, Prof. J. C. Shedd, and Mr. 
Alton B. Adams appeared as experts 
for the city; and Mr. W. D’A. Ryan 
and Mr. R. F. Schuschardt for the 
Company. The hearing consumed six 
days, nearly all of the time being taken 
up with testimony of the experts on 
technical matters. A considerable 
amount of this testimony will doubt- 
less be of interest to our readers, and 
abstracts will be given in our next 
issue. iM 

The fact that such a dispute could 
arise leads at once to a consideration 
of the cause. The wording of the 
original franchise, “standard 2,000- 
candle-power arc lights,” was un- 
doubtedly considered a perfectly defi- 
nite and unambiguous statement at 
the time it was made—1&08. In the 
light of present knowledge and con- 
ditions, however, it will at once be 
seen how readily conflicting opinions 
as to its meaning might arise. 

First, as to the meaning of “Stand- 
ard 2,000-candle-power”:— It was 
admitted at once by all the experts 
that the term “2,000-candle-power”’ 
must be taken in a purely Pickwick- 
ian sense, and by no means repre- 
sented the actual measurement of the 
candle-power of any practical arc 
lamp for street lighting purposes that 
had ever been made up to that time. 
It was likewise agreed that a 9.6- 
ampere d. c. open arc lamp fulfilled 
the conditions of the specification at 
the time the franchise was granted; 
but the franchise is to run for twenty- 
five years, and so rapid is the practice 
of illumination changing that the par- 
ticular lamp which the parties had in 
view is already nearly obsolete. As 
neither law nor justice would require 
the owners of the franchise to main- 
tain an obsolete or discarded form of 
lamp when better types are available, 
the very pertinent question arises, what 
at the present day is a standard 2,000- 
candle-power arc light? In recent 
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contracts for street lighting this 
troublesome question has been gen- 
erally eliminated by omitting any 
mention of candle-power, and speci- 
fying the exact type of lamp instead; 
but it is hardly supposable that the 
present instance is the only one in 
which a contract calling for a stand- 
ard 2,000-candle-power arc light is 
in force, having still some years to 
run. The parties to such contracts 
will, therefore, naturally be curious 
to know what the term means at the 
present time. 

It is also worth noting that the 
term “are light” appears instead of 
“arc lamp,” which was evidently the 
thing that the contracting parties had 
in mind. The word light is very often 
metaphorically used to signify the 
lamp, or apparatus which produces 
the light. While such a use is per- 
fectly permissible in colloquial lan- 
guage, it is out of place in technical 
or legal documents, in which absolute 
exactness should be aimed at. Obvi- 
ous as the meaning seems to be in 
this particular case, it has, neverthe- 
less, furnished grounds for additional 
discussion. 

This hearing will perhaps also be 
memorable as being the first time in 
history that the profession of illum- 
inating engineering has been officially 
recognized. In qualifying as an ex- 
pert, Mr. Marks gave his profession 
as an illuminating engineer. 





THE TROUBLES OF THE CON- 
SULTING ILLUMINATING 
ENGINEER 


While illuminating engineering has 
been recognized by the scientific 
world, and at least in one instance 1s 
a matter of official record, the il- 
luminating engineer is either wholly 
unknown, or a very dubious  indi- 
vidual, to the genera! public, to which 
he must look tor employment. Preju- 
dice and custom are the last rocks 
to be submerged in the general tide 
of progress. “What has been should 
continue to be,” is the principle upon 
which the great majority of human 
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action is based. Deviations from this 
maxim are the exception, and take 
place only with a certain class of 


minds, and then only after a consid-. 


erable degree of consideration. 

It is also a curious, but well-estab- 
lished fact, that it requires more per- 
suasion to induce an individual to im- 
~prove his condition than it does to 
lead him into ways that will result in 
retrogression. The greater the im- 
provement, generally speaking, the 
stronger the opposition which it meets 
in the beginning. This has been the 
universal history of all progress in 
science, religion and ethics. In of- 
fering his services for the benefit of 
his clients the illuminating engineer, 
therefore, must not consider himself 
especially singled out by an unfeeling 
and unappreciative public, if he re- 
ceived rebuffs and contempt. A 
straight-forward proposition to a 
business man, assuring him a _ con- 
tinuous economy with improved ser- 
vice in one of thé most important 
and necessary utilities, would natur- 
ally be sunposed to receive prompt ac- 
ceptance, or at least he given a care- 
ful investigation. Such a supposition, 
however, is based only upon logical 
reasoning; and in his actions man is 
an exceedingly illogical creature. 

Even ocular and practical demon- 
stration is not always sufficient to 
overcome opinions that have been 
long held as a matter of habit. For 
centuries it was accepted as a fact 
that bodies fell in proportion to their 
weight, i. e., a two-pound © weight 
would fall a given distance in half the 
time required for a pound weight. 
Gallileo is said to have disproved this 
by a simple experiment of dropping 
different sized weights from the top 
of the famous leaning tower in Pisa; 
and it is related that, on being both 
ridiculed and reproached for announc- 
ing the fact that all bodies fall with 
the same velocity, he called his ac- 
cusers to witness the experiment for 
themselves. The results came out 
precisely as he had stated; but the 
spectators, including the professors 
in the University, went away’ wholly 
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unconviticed, and afterward made 
Gallileo’s life so much of a burden 
on account of his dangerous habit of 
discovery, that he was obliged to give 
up his own professorship in the Uni- 
versity, and seek employment else- 
where. Incredible as this historical 
fact may seem, we know of recent 
cases in the field of illuminating en- 
gineering which are not one whit 
less absurd. A single example may be 
interesting. 

A certain large and well-known 
store in this city some yéars ago 
found, on account of a general call for 
more light, that its generating plant 
was being pushed far beyond the rea- 
sonable limits of its capacity. After 
much persuasion, coupled with a 
strong personal “pull,” the proprietors 
were induced to permit the alteration 
of one floor in accordance with the 
specifications of an illuminating en- 
gineer, on the express understanding 
that they were to assume no cost or 
responsibility for making the changes. 
The changes were duly carried out, . 
and an ample illumination, admitted 
to be much preferable to the former 
one, was produced with half the con- 
sumption of current. Now, it would 
seem a fairly reasonable conclusion 
that, as a matter of business, the re- 
maining floors would have been simi-’ 
larly remodeled; the total expense of 
which would have amounted to less 
than $5,000. Such, however, was not 
the case. The proprietors eventually 
installed an entirely new generating 
plant of double the capacity, at a cost 
of some $30,000. 3 

Probably the most frequent reply 
which the illuminating engineer re- 
ceives on presenting his case to the 
prospective client, is, that “the elec- 
trical engineer looks after all that,” or 
possibly, “I leave that to my archi- 
tect.’ We can imagine the student 
who had made a special study of anat-. 
omy and surgery presenting his pro- 
fessional card to a prospective patient 
some three or four centuries ago, and’ 
having it politely returned to him 
with the remark, “I see no need for 
employing your special talents; my 
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barber looks after all those matters.” 
inusy matter of fact, it is not many 
centuries since one who had success- 
fully cut off superflous locks of hair 
and beard was considered perfectly 
competent to prune the human frame 
generally; and less than 4 century 
ago a text-book on “Nattiral Philoso- 
phy” included a full treatment of as- 
tronomy, physiology, and the various 
branches which are generally classed 
as natural history and biology. But 
specialization has continued at a 
constantly increasing rate; and the 
client who will refer the illuminating 
engineer to his architect, or electrical 
engineer, with the calm assurance that 
they “understand all about the sub- 
ject,’ would consider it a serious re- 
flection on his intelligence if he were 
advised to consult a physician of gen- 
eral practise for a severe affliction of 
the eyes, for example. 

Electrical engineers are also some- 
what inclined to take the same view 
of the universality of their calling and 
talents. This results partly from a 
feeling that to admit ignorance on 
any allied subject may reflect on their 
professional standing; and_ partly 
from a fear of competition in their 
special line. Both of these reasons 
are absolutely without foundation. 
The electrical engineer need consider 
it no more of a reflection on his ability 
to frankly admit that he is not an il- 
luminating engineer, than he would 
to decline a request to act in the ca- 
pacity of a mechanical engineer. As 
to the illuminating engineer encroach- 
ing on his domain, he is simply as- 
suming unnecessary and uncalled for 
responsibility when he argues against 
illuminating engineering as a spe- 
Cialiva: Ihe “illuminating engineér 
would certainly not assume either the 
labor or responsibility which must de- 
volve upon the electrical engineer, and 
co could) ner im “any case be a 
competitor. The two. branches of 
engineering are related, and the two 
engineers should work in harmony, 
to their own mutual advantage, as 
well as to the advantage of their 
common client. 
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It has been said that the best way 
to insure the repeal of a bad law is 
to enforce it; and perhaps it would 
be the surest way to convince the 
architect or electrical engineer that il- 
luminating engineering is a study re- 
quiring a highly specialized knowl- 
edge, which in the regular order of 
things, the electrical engineer and 
architect do not possess, to hold them 
strictly responsible for the results ob- 
tained, as compared with the results 
secured by illuminating engineers. If 
the actual blunders made in this way 
were sure of being brought out; the 
path of the illuminating engineer 
would be made smooth indeed. 


WHAT IS AN ILLUMINOMETER? 


In the hearing of the Colorado 
Springs case, one of the experts testi- 
fied, on cross-examination, that he had 
never heard of an “‘illuminometer,” 
and did not know what such an instru- 
ment was. It would be interesting to 
know whether his ignorance applied 
only to the word, or to the instrument 
which that word signifies. Has the 
word illuminometer a rational reason 
for existence? ‘The science of illumi- 
nating engineering is a new one; in 
fact, its own title has only become 
firmly established within the past 
year, and like any new department of 
science, it will naturally give rise to 
new technical terms, which will be- 
come a recognized part of the Eng- 
lish language if they express some 
permanent idea. Although the term 
illuminometer is perhaps still strug- 
eling for existence, we believe that it 
fills an actual need. An illuminometer 
is an instrument especially designed 
for measuring intensity of illumina- 
tion; and while it may rest on the 
same foundation principle as a_ pho- 
tometer, the thing which it measures, 
and the units in which the values of 
stich measurement are expressed, are 
certainly quite different from the 
quantity measured by the ordinary 
photometer, and the sooner this dis- 
tinction is understood, the better for 
illuminating engineering. 
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Correspondence 


FROM OUR LONDON CORRES- 
PONDENT 


The use of high power lamps for 
advertising purposes and for lighting 
shop windows, in our large cities, is 
becoming something of a nuisance, 
and the Court of Common Council of 
the City of London are taking steps 
to place some definite limit upon the 
area that a shopkeeper shall be at 
liberty to illuminate. There have for 
some time past been regulations as to 
the height from the ground and the 
projection beyond the line of frontage, 
both most important factors effecting 
the public. The Courts have now ex- 
tended their rules and provide that 
the external dimensions of lamps shall 
not exceed #2 feet 4. inches 1 aly 
direction, and that lamps shall not be 
fitted with high power lights, unless 
screened in such manner as to pre- 
vent the rays of light falling upon the 
public way. | 

Perhaps the greatest offenders in 
this excessive illumination are the 
cheap tailors who outwit one another 
im “thes “mattera rot ignite mene m 
premises, and certainly the most ob- 
jectionable lamps are the electric 
flame arcs. These, when fixed at less 
than seven feet from the pavement, 
are really appalling and blinding; it 
is indeed “tines that {this =wastcmor 
illumination and cause of irritation to 
the public should cease. The authori- 
ties have taken a wise step in insist- 
ing that the storekeeper shall at least 
confine his outrageous illumination to 
his own shop windows, and not be 
allowed to inconvenience passers-by. 

Acetylene gas is slowly being 
adopted for illumination purposes in 
Great Britain, several small towns, 
particularly in Scotland and Ireland 
having put down complete plants, and 
very many isolated Institutions, 
Schools, Country Mansions, and 
Churches are lighted with acetylene 
gas. In Germany the gas has been 


much more generally adopted, and ex- 
periments of an exhaustive character 
are being made in connection with 


‘the employment of acetylene gas for 


railway carriage illumination. The 
efforts made to adapt the incandescent 
burner to the gas have so far not met 
with much success, as it has been 
found that the ordinary run of mantles 
will not withstand the vibration of 
the German trains for any length of 
time. Herr Kuchel, of Vienna, has 
tried supporting the mantle by means 
of a ring at its base; this ring is af- 
fixed to the burner with a bayonet 
joint and the mantle is closed in at 
the top, very much the same as the 
inverted mantle. The inventor claims 
for burners fitted with these mantles 
that the combustion of the acetylene 
gas is quite perfect, that the burner 
will work satisfactorily at a pressure 
of 46 mim, | (8r cinch) morawates 
column, that the mantles will stand 
severe vibration, and that the light 
developed equals 1. Hefner Unit, per 
0.20 to 0.22 litre equivalent to an 
illumination of from 120 to 130 candle- 
power per cubic foot of gas. 

At present these are difficulties in 
regard to the use of inverted incan- 
descent burners with acetylene gas; 
the principle difficulty appears to be 
in the polymerisation of the acetylene, 
which takes place as it descends 
through the hot mixing tube of the 
burner. It appears to us therefore 
that the tube of the burner should be 
specially protected from the heat of 
the flame in order to avoid the action 
described. 

Intensified gas lighting with acety- 
lene has not, so far as we are aware, 
been attempted either in Great Britain, 
or elsewhere. Herr Kuchel has how- 
ever, we understand, succeeded in 
constructing intensified incandescent 
acetylene lighting units possessing il- 
luminating powers up to, if not exceed- 
ing, 1,000 candles; but such burners 
are not available where acetylene gas 
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is obtained from either a public supply 
or private generator. Further econo- 
mies in consumption must therefore 
be sought in burning the gas with the 
aid of oxygen instead of air, and so 
causing the atmosphere flame to play 
unon some suitable refractory material, 
such for instance as the soft or hard 
“limes” used in the projection lantern 
with oxy-hydrogen gas. These few 
lines have been prompted by a review 
of a paper read by Herr Kuchel which 
appeared in Acetylene, an excellent 
journal devoted to the subject. The 
reviewer concluded his article by say- 
ing that:—‘‘A flame of acetylene fed 
with oxygen is hotter than a flame of 
acetylene fed with air, because in the 
former there is no nitrogen present to 
waste heat and enlarge the flame; the 
hotter flame is capable of affording 
more light, in accordance with the 
law that the luminosity increases in 
proportion to the fifth power of the 
absolute temperature. When _ the 
point of the inner region of an oxy- 
acetylene blowpipe flame is made to 
impinge upon a body coated with 
thoria, bringing it to incandescence, 
a very white light is evolved, and the 
illuminating power, with a very small 
consumption of acetylene gas in place 
of hydrogen gas, may be as much as 
500 candles. This illumination can of 
course be increased enormously if the 
ravs are brought into parallelism by 
means of lenses, the beam of light 
having an intensity of 80,000 candle- 
power. The possibilities of acetylene 
for high power illumination have by 
no means been exhausted.” 
Periodically the daily papers in 
London publish articles, intelligent 
and otherwise, upon electric and gas 
lighting. The Times quite recently 
devoted much space in dealing with 
the “Strength of the Gas Industry.” 


Price 


Work obtained from 
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The writer. very truly says:—“Gas 
companies have been spurred on by 
the incessant pushing of electricity 
for lighting and power purposes; this 
has compelled them to cheapen the 
supply, and this in its turn has 
cheapened the production.” He over- 
looks two technical gains which re- 
cent legislation has given to the 
supplier; the first is the consent of 
Parliament to the sale of gas of lower 
candle-power, and the second, the 
repeal of the clauses controlling the 
removal of sulphur impurities. Re- 
duction of candle-power has been 
brought about through the almost 
universal introduction of the incan- 
descent burner, which does not need 
a gas of high illuminating power, so 
that the cost of enrichment by cannel 
high grade coals, benzol, or other 
enrichers, can be dispensed with. The 
second gain has reduced the cost of 
purification considerably. The con- 
sumer does not suffer by _ these 
economies, unless he be foolish enough 
to insist upon using flat flame burners, 
—-in which case the time may come 
when he will be obliged to take a 
tallow candle to look for the gas 
flame. 

The question of the “Relative Cost 
of Gas and Electricity,” are like the 
poor, “always with us,” it is therefore 


rather satisfactory to us to quote the 
in a disaffected 


figures appearing 

paper, which certainly cannot be 
charged with bias for either  il- 
luminant. The writer says: “In 


instituting a comparison the question 
of economy is the main, and in by 
far the majority of cases is the only 
factor in settling any doubts as to the 
merits of the two competitors.” The 
table below gives the comparative cost 
of both gas and electricity. 

The figures for street lighting are 





Price Work obtained from 


i one penn 1000 one penny 
et 4 cubic ft. 
Street Lighting 425 Candle hours es 749 candle hours 
Aghting......+..++ee rt yy is | 
Heating. ne aay : ai yy pints of water as. 6d. 44 pints of water boiled 
Ange eno SEG CEE ; ee | 
1 le 14 horse power per hour 2s. od. 24 horse power per hour 
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taken from tenders submitted by the 
Metropolitan and Charing Cross Elec- 
tric Light Companies, and the Gas 
Light and Coke Company, for the 
lighting of Kingsway and Aldwych, 
Both of these tenders have been men- 
tioned by us, and attention drawn to 
the very effective illumination of the 
thoroughfares named. The writer of 
the article continuing says: “The table 
illustrates in a most conclusive manner 
that, in regard to cheapness, elec- 
tricity is at present very far behind, 
so much so that not only is gas now 
adopted in nearlv every case in which 
the two rivals meet in open competi- 
tion, but it has displaced in many 
cases existing electric lamps. 
Gas Company reports that they have 
displaced entirely electricity in nearly 
a thousand cases during the past two 
or three years, and that m more than 
a thousand other cases electricity has 
been largely superseded by gas. 

It will be interesting to note side 
by side the position of Gas and Elec- 
trical Companies stocks’ sales, as 
officially quoted on the London Stock 
Exchange; a glatice at the following 
table will show the relatives values. 





Electricity Companies ‘Highest Priceend Fa.Lu 


Price of 1906 


1903 
ChaninesOrOSsaer er eee 9% 4 5g 
Citieomleondonmaes wee 12 10 2 
County of London...... 92 84 1¢ 
EBdmundson’s....:..... ais 3 Avs 
Metropolita neni sears IO 8 2 
St. James Pall Mall... 164 Io 64 
Westminster. . 5 Seah 134 eS) 32 
Gas Companies Highest Priceend Risz 
Price of 1906 
1903 
Brentford. . ree 245 267% 17s 
Brightland ‘Hove...... 5 215 2324 : 17 
British Gacmeiet see ee 404% 41Z I 
Commercial were ; IIO T1314 1% 
Gas Light & Coke...... 904% “99 84 
South Metrovolitan .... 127, 129 2 
South Suburban: .-..-. T1745 1244 4 





Echoes ficures speak for themselves; 
four of the Electricity companies have 
reduced their dividends during the 
period mentioned, whilst on the other 
hand, four of the Gas companies are 
paying increased dividends. These 
latter undertakings are working under 
strict Parliament enactments, which 
control quality, price, and dividends, 


One > 
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whereas at present the electricity com- 
panies are comparatively free lances. 


For ourselves we believe that the 
present wave of unpopularity of the 
electric light is due to the enormous 
number of inferior glow lamps which 
have been dumped into this country 
from Europe, the principal offender 
being Germany, the lamps have a very 
short efficient life, and we question 
whether at their best they could stand 
photometric tests for the candle-power 
at whith they are rated. “THe fila 
ments soon char, the light dims, more 
current is needed, and after a very 
short existence the filament snaps and 
life is ended. Another reason is the 
faulty glass globes which are often so 
thin that they will hardly stand gentle 
handling. But we believe there is 
still another cause for unpopularity, 
and that is the excessive and unnec- 
essary brilliance of arc and flame-are 
lamps, which cast a deep black shadow 
of any object that obstructs their 
effilgent rays. For stréet liphting 
these lamps are placed much too high, 
and at least 40 to 50 per cent of their 
brilliancy illuminates upper rooms of 
the adjacent buildings and the sky. 


The public require moderate il- 
lumination, and when it is possible to 
obtain from 2% cubic feet of very 
average coal gas (of say 14 to I5 
candle-power), an illumination equal 
to 70 candles and upwards, with the 
inverted incandescent burner, costing 
complete, with ceiling plate, flexible 
metal drop pipe, burner, mantle and 
elassware, anything between ros and 
208" | ($2.40 Janie SAGO ear it eer 
wondered that gas, as an illuminant, 
is reaching the high water mark of 
popularity ? 

As marking the advance in gas 
lighting and the enormous improve- 
ment in methods of burning gas we 
give an illustration, taken from the 
Co-Partnership Journal, issued by 
the staff of the South Metropolitan 
Gas Company, which is very con- 
clusive as to the work of the past 
twenty years. 


It would be amusing if it were not 
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sad to note the dodges the foreigner 
adopts to get his goods on the British 
market. At the present time and for 
several years past, the German manu- 
facturer has supplied factors in this 
country with gas fittings, burners, 
lamps, and glass goods for the same, 
in enormous quantities. Some of 
these are good, some bad, and some 
very bad. The worst- feature of the 
burners is that the identical article is 
sold to several factors who adopt it 
“and call it after their own name,” or 
attach some fancy name to it for their 
own purposes. Quite recently one of 
the leading technical journals  pub- 
lished rather a lengthy illustrated 
description of the “Graetzin” lamp, 
made in Berlin. In the next issue it 
was explained that this lamp had been 
sold by certain houses under other 
names, three instances being given, 
wiz: Nero,” “Vesta,” and “Viaduet,” 
the lamp being also sold under the 
makers name for it (Graetzin). We 
know that in many trades this special 
naming of foreign made articles is 
rampant, but it leads to much con- 
fusion. The factors here too often 
claim that these articles are their own 
manufacture, and so deceive the public 
and do much harm to British manu- 
facture. If the foreigner enters into 
competition with us it should be made 
perfectly clear to the public that 
whether we trade direct with them or 
through a factor that the goods manu- 
factured by him should have both his 
name and address stamped upon each 
article. We-do not exonerate the fac- 
tors, or middle men, they are as re- 
sponsible and even more to blame than 
the manufacturer, in the course they 
take to deceive the public. The larger 
firms who carry on this class of busi- 
ness here have originated with men 
who sold on commission, holding stock 
at the risk of the foreigner ; these firms 
have waxed rich and are able to put 
pressure upon the manufacturer and 
to cheapen goods, especially metal 
goods, by reducing weight, and so buy 
at the lowest possible price. Now that 
metals are rising in price they are the 
first to circularise their. customers of 
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advances in price and reductions in 
discounts off wholesale lists. Busi- 
ness in gas fittings is in a very unsatis- 
iactory state, but the constant ery for 
cheap goods is undermining the trade, 
and fittings are sold of so flimsy a 
nature as to make them quite unfit 
for the rough handling they must 
receive. On-the other hand good 
fittings can be obtained, and as these 
are now so simple in design, carrying 
either an upright or an inverted in- 
candescent burner, the installation of 
good class fittings in a house is not 
the costly matter it used to be in the 








days. of five and ten-light chan- 
deliers. 
FIG. £.—INVERTED GAS BURNER ADAPTED 


TO STREET LANTERN 


In Solihull, one of the suburbs of 
the busy city of Birmingham, expert 
ments have been made with street 
lighting by means of inverted incan- 
descent gas burners. The burner used 
s known as the Etna, and 1s manu- 
factured by a Birmingham firm. The 
experiments have covered a period of 
two years, so that the conclusions 
arrived at are of considerable value 
to those who are interested in street 
illumination. The average consump- 
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tion of each burner is three cubic feet 
per hour at a pressure of 20-tenths and 
the illuminating power averages 
about 65 candles. The burners are 
fitted into the ordinary 14-inch street 
lanterns (see illustration) under a Io- 
inch opal reflecting shade, and a small 
glass bulb is fitted on the burner for 
the protection of the mantle. The 
supply pipe is carried from the bottom 
and up inside the coner of the lantern, 
the burner being suspended from 
stretching piece fixed across the top, 
as shown; the bye-pass is carried up 
vertically from the stand pipe. The 
conversion of the lighting from flat- 
flame to inverted incandescent burners 
can readily be effected, and at com- 
paratively small cost. We believe 
that the substitution of burner and 
Hittinoes, AS sa dactmcoct less thane 1O- 
($2.40) per lamp; the consumption of 
gas is much less, and quite three times 
the amount of illumination is obtained. 
The life of the mantles has averaged 
about forty days. The use of the opal 
shade increases the downward hemi- 
spherical lighting area, and we under- 
stand that the particular burner gives 
sufficient light to enable the small print 
of a newspaper to be read at a dis- 
tance of 15 yards from either side of 
the lamp. These particulars were in- 
cluded in a paper read by Mr. R. I. 
Rogers, before the Midland Junior 
Gas Association. 
Cuas. W. HastIncs. 
Editor Gas Engineers’ Magazine. 





FROM OUR READERS 


Editor, THE ILLUMINATING ENGIN- 
EER, I2 West Fortieth Street, 
New York City. 

DEAR Str—I have read with much 

interest the article in the January num- 

ber on the lighting of two modern 

Churches. I have no information on 

this subject except that which is given 
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in the article but I noticed that you 
state “on either side of the reader’s 
desk on the corners of the rostrum 
are placed handsome bronze standards 
supporting concentric globes © for 
frosted lamps.” It is evident there- 
fore, that the entire audience as they 
sit facing the speaker, must have these 
lights directly in the field of vision 
and no matter how well they are 
frosted, or even enclosed in large dif- 
fusing globes the effect’ must be at 
least uncomfortable to the eye. 

In an editorial on Direct vs. In- 
direct Illumination, you call atten- 
tion to the fact that even when lights 
are out of the field of vision so that 
one is not looking at them, neverthe- 
less they strike the ball of the eye; the 
effect is very trying. 

The case mentioned of the Chris- 
tian Science Church in Boston is an 
ageravated case of this. I simply 
call your attention to this matter 
inasmuch as you state that the light- 
ing of the Church is practically per- 
fect and the fault mentioned follaws 
one of the primary principles ‘of. 
illumination, namely, to get lights out 
of the field of vision. 

V. R. Lansingh. 
New York; Pebo2,1007. 





Editor ILLUMINATING ENGINEER: 
DEAR Si1r.—I beg leave to invite at- 
tention to some errors in your text. 
The electric ‘plant “was* anustalled 
on board the Trenton by Commander 
(now Rear Admiral) R. B. Bradford. 
My work, on board the U. S. Fish 
Commission Steamer Albatross pre- 
ceded that on board the Trenton. I 
did wire the White House, State, War 
and Navy Building, the Government 
Hospital for Insane, and _ installed 
plants therein in the early days. 
: REAR ApM. Geo. M. Bairp. 
1505 Rhode Island Avenue, 
Washington, D. C. 
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MEETING OF THE NEW YORK SECTION, FEBRUARY 8th. 


PHOTOMETRY OF INCANDES. 
CENT GAS LAMPS 


By dnHos. J. Lititz, Jr. 
PHOTOMETER ROOM EQUIPMENT. 


In equipping a photometer room 
for gas testing, careful attention must 
be given to the lay-out of the piping; 
the pipes should be of ample carrying 
capacity, should be exposed, and 
should be run in as direct a manner 
as possible so as to be at all times 
easily accessible. In making turns Ls 
should never be used, but plug Ts 
should be substituted as it is very 
frequently necessary to tap in on the 
various lines on some _ special test. 
Each run should be carefully tagged. 
The fittings used should be of large 
‘bore so as to avoid any impedance in 
‘the gas flow, otherwise termed “wire 
drawing.” A plan should be kept of 
all the piping in the room on which 
the various runs should be designated. 

A good solidly built gasometer, hav- 
ing a capacity of at least fifteen cubic 
feet, is indispensable. The bell should 
be carefully counter-balanced with 
regular as well as compensating 
weights, to take care of varying dis- 
placement during its descent, and 
some convenient method should be ar- 
ranged on the top of the bell for 
quickly weighting it down for differ- 
ent desired pressures. The method 
generally used is that of simply plac- 
ing loose weights on top of the bell, 
but this is awkward, particularly if 
one of the weights slips down in the 
water seal and has to be fished out 
before proceeding with the test. A 
holder of at least this size I consider 
necessary, because if a small holder 1s 
used a test must be interrupted ses 
quently to refill the holder. Again it 
is desirable that a test be completed 
with the same gas as that with which 


it was started. It is frequently found 
that during the day the quality of the 
gas may change a trifle. The change 
in conditions so introduced for all 
purposes of commercial work would 
be considered negligible, but for ac- 
curate testing would create an error 
whose extent it would be difficult to 
determine. 

At least two accurately calibrated 
wet meters should be available; a 
small one for ordinary small burner 
work, requiring a consumption of 
from three to seven feet per hour, and 
a large one for use with cluster burn- 
ers, such as gas-arc lamps, intensified 
lamps, etc. 

I prefer to use a stop-watch in 
place of the stop-clock attachment 
which is frequently incorporated as 
apacieor tne MeLer. 

The photometer room should be 
equipped with a five-foot meter- 
prover, and the meters should be 
proved from time to time on a pres- 
sure at which they are generally used, 
which is ordinarily two inches. 

Inserted in the line between the 
meter and the lamp to be measured 
should be a pair of flexible diaphragm 
pressure controllers. There should be 
also a U water gauge attached in the 
line as close as possible to the outlet 
on which the light to be measured is 
placed. 

If two different gas supplies are 
available in the photometer room, 
great care must be taken that. these 
are not inadvertently mixed through 
the piping in the room, and to pre- 
vent this either a three-way cock 
should be used or a pair of cocks 
connected so that when one 1s open 
the other is closed. 

As condensation may collect in the 
various pipes in the room it is neces- 
sary that they all be inclined in one 
general direction, so that each can 
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be dripped and occasionally washed 
out. I consider this very important, 
for on a warm day I have seen cases 
where phenomenally high  candle- 
powers were recorded, when as a mat- 
ter of fact nothing but ordinary gas 
was passing through pipes filled with 
condensation, which in turn was taken 
up by the warm gas. In this particu- 
lar*case the gas used was rated at 18- 
candle-power, but it gave 30-candle- 
power, much to the astonishment of 
the engineer making the test. 

Any good horizontal bar  pho- 
tometer may be employed, but it 
should not be less than 100 inches 
in length, as on a short bar a slight 
movement of the sight box in either 
direction represents a considerable 
difference in the reading and multi- 
plies the error. I prefer a metallic 
bar, which when mounted on a heavy 
plank table shall bring the sight box 
on a level with the eyes of the 
operator when in a standing position. 
The table will be found extremely 
-useful for grouping the meters, pres- 
sure controllers, water gauges, etc. 

The lamp to be measured should 
be attached to an outlet which may be 
raised or lowered to any desired point, 
or swung through any desired arc, in 
which case the gas connection should 
be through telescopic tubes contained 
in the riser, sealed with mercury; it 
should also be equipped with some 
clamping device to avoid shifting dur- 
ing the test. A plumb bob should be 
suspended from a point immediately 
below the burner connection and the 
table should contain a _ brass plate, 
cross scored, over which the bob 
should center. I prefer to use a series 
of screens along the bar with aper- 
tures just large enough to admit the 
light to be measured. The standard 
may be electric only if a complete 
equipment of testing instruments, 
storage batteries, master standards, 
standards and sub-standards is avail- 
able. For quick and satisfactory re- 
sults the Pentane standard, of the 
Harcourt type, has proved very satis- 
factory; it is simple and transporta- 
ble. Pentane of proper specific grav- 
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ity may now be obtained readily, and 
the lamp in its present form is per- 
fectly safe. 

For a radial photometer I prefer 
a modification of the Dibdin, which is 
a direct reading apparatus and one in 
which the reading screen is so ad- 
justed as to always divide the angle 
between the standard and the light to 
be measured. With this photometer 
the light to be measured is suspended 
from a horizontal bar which slides 
between a pair of uprights. A radius 
rod connects to the sight box which 
is mounted upon a table, which in 
turn travels on a track on the floor. 
A protractor is mounted on the table 
in order that the angle described by 
the radius rod may be ascertained. 
The standard is mounted on a ¢ar- 
riage which runs along the track on 
the table and may be either electric 
er an argand gas standard” Tf an 
argand standard is used great care 
must be taken to see that the gas 
pressure is uniform. The gas during 
the entire test should be taken from 
the gasometer. For measuring lights 
of high units a Welsbach mantle may 
be used as a standard. One that has 
been thoroughly seasoned by burning 
for a long period is preferable, and 
the same precautions should be taken 
as to gas conditions as would be taken 
with the argand standard. 

Gas connection with the light to be 
measured is obtained by connecting 
through a rubber tube the outlet on 
the horizontal bar to the outlet on the 
side of the wall. 

With this photometer radial read- 
ings can be made through 180 de- 
erees in a vertical plane and by shift- 
ing the burner 180 degrees in the hor- 
izontal plane, 360 degree readings 
may be taken. The apparatus to which 
I refer is not at all complicated, as 
might appear. 

A gas testing laboratory should 
also be equipped with a good calori- 
meter for determining the heating 
value of the gas. The most satisfac- 
tory calorimeter for this purpose I 
find is the Junker. In addition to the 
calorimeter, there should also be nec- 
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essary apparatus for making com- 
plete gas analyses, as to determine 
the value of the appliance we must 
know the exact conditions under 
which the appliance is being tested. 
One should also be able to get con- 
ditions which would represent those 
which would be encountered when the 
appliance is in actual service. We 
know, for instance, that some ap- 
pliances will work admirably on 
water gas, but give very unsatisfac- 
tory results on coal gas, which might 
in one case be attributed simply to a 
difference in specific gravity, in which 
event it would, of course, be seen 
that a gravity apparatus in the labora- 
tory would be indispensable. 


A good barometer and hygrometer 
are also necessary. Considerable at- 
tention should be paid to ventilation 
in the room, at the same time avoid- 
ing draughts. For this purpose a 
very high ceiling is desirable. 


Running water in the room is very 
necessary, particularly a hose con- 
nection for renewing the water seal 
in the gasometer, as it is quite neces- 
sary to replace the water occasionally 
on account of evaporation. Also ccn- 
siderable condensation may at times 
collect on the surface of the water 
and may be absorbed by it, in which 
case the water gives off a very ob- 
jectionable odor, and, as well, slightly 
affects the quality of the gas in the 
gasometer. 


For measuring high pressure, a 
very long U tube water gauge is 
necessary, but where this may not be 
found adequate, mercury may be sub- 
stituted for the water in the gauge. 

I have gone into the equipment of 
a gas photometer room at length, as 
all of the above equipment will be 
found necessary. There are, of 
course, a great many other accessories 
than those I have mentioned, such as 
electric igniters for the light tg be 
measured, a small electric lamp for 
reading the scale on the photometer 
Dat.cic, 

Dust-proof closets should be in the 
room for carrying a stock of mantles, 
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burners, gauzes, Bunsen tubes, glass- 
Ware, etc. 


TESTING THE MANTLE, 


A specially designed mantle microm- 
eter is necessary to determine the 
mantle shrinkage noticeable after the 
mantle has been burned for a consid- 
erable period. The micrometer in 
question is mounted upon a_hard- 
wood base and consists of a pair of 
vertical uprights, guiding a platform, 
which is elevated or depressed as the 
case may be by a micrometer screw. 
A scale is laid off on one of the up- 
rights to determine the elevation of 
this platform, together with a divided 
head on the micrometer screw. Slid- 
ing horizontally on the platform are 
guides to which caliper fingers are se- 
cured. The mantle may be mounted 
on the burner, which in. turn “1s 
mounted upon a stud in such position 
as to bring the mantle between the 
caliper fingers. The distance between 
the fingers is determined by a direct 
Peading “vermier "on? iront ol athe 
platform. 


With this instrument the shrinkage 
of the mantle may be determined 
from time to time during the endur- 
ance test with absolute accuracy, and 
may be in turn plotted so as to show 
graphically the condition of the man- 
tle at the various stages of the test. 


The incandescent mantle, as you 
are well aware, is fragile and should 
be handled with the greatest care to 
avoid at all times indenting or creas- 
ing either before or after the col- 
lodion protecting coating has been 
burned off. Mantles for testing pur- 
poses should be handled with great 
care from the mantle maker to the 
laboratory, as it quite frequently oc- 
curs that mantles break soon after 
test has been started, which results 
in great loss of time and material. 
This is due to the fact that the mantle 
after leaving the manufacturer may 
have been subjected to a severe shock, 
which has not resulted in any injury 
so far as its appearance before burn- 
ing off is concerned, but may cause 
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it to disintegrate after the protecting 
coating has been burned away. 

The standard incandescent mantle 
is 344 inches long and is measured 
from the lower end to the uppermost 
point of the ash. It should lap for 
a distance of one-half inch over the 
burner cap or carrier. Any variations 
in these dimensions will, of course, 
make a considerable difference in the 
candle-power of the mantle, hence for 
the purpose of making a test these 
measurements should be _ recorded 
with ‘considerable ‘caress nes bubiier 
should be placed vertically on the gas 
outlet, taking care that the orifice in 
the check of the Bunsen and the in- 
termediate gauze located in the burner 
head are perfectly clear and free from 
dust. si the ser is simsctructed 0 
blow the dust out of his burners oc- 
casionally, it is quite necessary that 
they should be blown out in a similar 
manner during an endurance test; 
otherwise results will be obtained 
which might appear due to deteriora- 
tion of the mantle, while in reality its 
candle-power is affected by the dirt 
in the burner, which would destroy 
its: Aability, Mto;eentrain® the: proper 
amount of air for proper combustion. 
The coating should be burned from 
the mantle by lighting at the top. If 
any carbon still-remains it should be 
removed by turning down the gas at 
the check. 

The glassware should be perfectly 
clean when placed on the burner and 
the mantle should be allowed to burn 
for about a half hour before starting 
the test, at which time also the diam- 
eter and length of the mantle should 
be taken carefully with the mantle 
micrometer, starting at the head and 
calibrating down the mantle at inter- 
vals of one-quarter inch. 


In making a mantle endurance test 
after the initial reading has been 
made, the gallery of the lamp carry- 
ing the mantle should be removed and 
a mica chimney substituted for the 
testing chimney. ‘The burner may 
then be transferred to another room 
and allowed to burn for a period of 
100 hours. On second reading the 
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burner should be removed from the 
bar and dust which may have accum- 
ulated during this period blown out. 
The glass chimney should then be re- 
placed and a reading made and the 
mantle calipered as before. Other 
readings should be taken at 250, 500, 
And = 1, 0OOOm OURS: 


It is very important before mak- 
ing a reading to see that the glass- 
ware is perfectly clean, as well as the 
burner, for if a test is made without 
doing this, it does not represent a 
test of the mantle but rather results 
in a combination mantle, burner, and 
chimney test and the results obtained 
mean absolutely nothing. 

At the time of making each read- 
ing it is absolutely necessary to de- 
termine the value of the gas used, 


such as its calorific value, candle- 
power, gravity, etc. 
The glass chimney should be 


marked so that the same side always 
faces the sight box. It is also neces- 
sary to see that the same side of the 
mantle faces the sight box at each 
reading, unless, of course, a mean 
horizontal plane reading is made. 


The chimney should be standard 


eight inches, clear, thin, hard, heat- 


resisting glass, I 15/16 inches out- 
side diameter. When air-hole chim- 
neys are used, a deck plate should be 
used to seal the base of the chimney, 
thus compelling all the air for the 
outside of the mantle to pass through 
the holes in the chimney, the neck of 
which should be of such length as 
to bring the center of the air holes im- 
mediately opposite the gauze line of 
thes burnett a: 


In making a comparative test either 
of a burner or mantle or both, we 
first test a standard 34-inch mantle 
mounted on a regular burner with 
eight-inch clear glass chimney. In 
this way we roughly check any un- 
usual conditions which may _ exist, 
which might otherwise lead one to a 
false conclusion when testing a new 
device. 


For comparative work merely the 
horizontal candle-power is taken. If 
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during an endurance test it is found 
that the gas has changed to such an 
extent as to be appreciable, it would 
be better not to make a second test 
until a gas could be procured similar 
to that used when making the initial 
reading. While this to the lay mind 
might seem unnecessary, if one is to 
determine with any degree of ac- 
curacy the real value of the mantle 
this precaution must be taken, for 
while we may approximate our re- 
sults on different gases it is at best 
unsatisfactory, as I know of no law 
by which we may accurately correct 
for the variations in the gas. 


DISCUSSION 


Mr. W. C. Morris, of New York, said 
that it would be very difficult to discuss Mr. 
Litle’s paper, as he had covered the subject 
so completely that only minor things sug- 
gest themselves. In reading over the paper 
his attention was particularly called to what 
might seem small contradiction in the mak- 
ing of tests or using photometer table, and 
he would like to emphasize a little the ne- 
cessity of that. 

Recently in making some tests we found 
some very variable candle-powers and 
after a long and weary search we found 
a length of pipe exposed for some nine 
or fifteen feet to a cold draft or a warm 
draft, according to the time of day, and 
after covering it with the proper covering 
our candle-power went along in peace. It 
merely brings out the importance of small 
things. 

Also he mentioned the connection of 
candle-power with the pipes on the table. 
That is another very important thing. 
Any one familiar with the work of man- 
ufacturing stations knows how he can get 
good results in summer time. Mr. Litle 
says it is a good thing to clean out pipes. 
I would like to know something that will 
clean them out and not damage the candle- 
power after they are cleaned. 

He also refers to the use of the thirteen- 
inch bar. The speaker had been a great 
advocate of the long bar, but there were 
times when a 100-inch bar or longer is dis- 
advantageous, and that is when operating 
with lights of different intensities. You can 
get your lights so far apart that the eye 
cannot determine the difference in in- 
tensity, and in that case a sixty-inch bar 
is of greater advantage than 100-inch. 

Also he refers to some apparatus con- 
nected with rubber tubing. In very deli- 
cate work that would be dangerous, as rub- 
ber tubing may give results that are not 
entirely true. 
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Mr. Litle also refers to the use of screens 
ona photometer bar. He noticed in the re- 
production of the photograph that the bar 
only had two screens, and his experience 
had been that unless the light-sources, espe- 
cially if large, are not so screened that 
light is prevented from reaching the eye 
from the side, that is exteriorly from the 
bar, there is a possibility of causing an 
error in the reading, and it is not only nec- 
essary to prevent reflections getting to the 
side disk, but it is necessary to prevent 
reflections getting to the eye. 

In regard to working from both sides of 
the photometer bar: In checking up some 
eight or nine men on reading from the bar 
which was graded from both sides of the 
scale, he found very wide differences in the 
results; in fact two or three men read as 
far apart as two candles on the two sides 
of the bar. With knowledge as to your 
own errors he did not think it is neces- 
sary, but in an ordinary operation where 
more than one operator is working he 
thought more accurate results can be ob- 
tained if readings are taken on both sides 
of the bar. 


~ Mr. Lansing said that relative to the num- 
ber of screens for cutting off light that the 
last speaker just mentioned, he would like 
to call attention to the photometric labora- 
tory of the Bureau of Standards at Wash- 
ington; under charge of Dr. Hye. The 
laboratory is an ordinary room with white 
walls and white ceilings, and when he first 
went there he wondered what sort of pho- 
tometer room that was and what sort of 
photometers could be had. Dr. Hye, how- 
ever, uses a large number of screens to 
get light and some very .exhaustive ex- 
amination to find the effect, if any, of 
white walls and ceilings on tests, and he 
has shown that the error due to white 
walls and ceilings when screens are care- 
fully made is far under 1/1oth of I per 
cent, in fact in the neighborhood of 1/rooth 
of I per cent; so that an ordinary room 
can be used and the effect is. very much 
better on the person doing the tests than 
in a dark room; that is the psychological 
effect working in a dark room is some- 
times gloomy, and if you can work in 
a light, cheery room it is very much easier 
to work in such a room, but, of course, 
it is very necessary to have the light thor- 
oughly screened. 

He noticed in the photographs Mr. Litle 
showed, that all the instruments and the 


room. and everything were absolutely 
black. I think that could be done away 
with. 

Mr. Victor A. Rettich regretted very 


much, only having just returned to the 
city, so that the paper was placed in his 
hands this morning, because the subject 
was one which could be enlarged upon 1n- 
definitely and he would like to have pre- 
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pared a paper on the subject. However, 
speaking as a gas man, he thanked Mr. 
Litle very heartily for bringing this subject 
forward at a time when the gas men have 
to compete with the electrical field, which is 
in such a state of activity, with their new in- 
candescent lamps, for which they have in- 
struments of precision by which they can 
accurately measure and claim their meas- 
urements, whereas in the gas business 
manufacturers of burners are making ex- 
orbitant and misleading claims, such as 
claiming 300 candle-power on three feet 
of gas, and nobody is in a perfect posi- 
tion to fully contradict them. Let us hope 
that now Mr. Litle has driven in so heart- 
ily the thin end of the wedge, that we 
shall keep on driving until the measure- 
ment of the light from an incandescent 
gas lamp will be as positive and precise 
ne tests conducted with the electric 
bulb. 


It would be very desirable, although he 
was speaking as a competitor of the Wels- 
bach Company in their burner trade, if 
they would put out a standard burner free 
from ornamentations, At this point he felt 
it his duty to pay a tribute to the prod- 
ucts of the Welsbach Company, and sug- 
pesteduiethat aitheys-=putie Out sw siichieata 
burner at a reasonable price, so that in- 
ventors could then test various gas checks 
if their trend of invention was along these 
lines, or try different mantles with the 
Mason occluding plate check if their in- 
terest lie with mantles, or the same mantle 
on another burner if the burner was 
claimed to be a better one. 


Dr. ‘C. H. S. Hayes said that this paper 
deals with the photometry of incandescent 
gas lamps. Now that means the measure- 
ment of the luminous intensity of incandes- 
cent gas lamps. We find that incandescent 
gas lamps, like a good many other sources 
of light, give a different intensity according 
Mr. Litle has not gone into and it would 
to the direction from which you choose to 
measure them. This question of the in- 
tensity of the light of incandescent gas 
lamps from different directions is one that 
Mr. Litle has not gone into and it would 
seem in the case of incandescent gas 
lamps an important question, just as in 
the case of all other illuminants. For in- 
stance, an incandescent gas lamp is set up 
and the candle-power is measured in a 
horizontal direction and that is called its 
candle-power. That is right and very good. 
But perhaps the candle-power in the hori- 
zontal direction a few degrees one way or 
the other from that position may be some- 
thing less, and no account is taken of this. 
he would like to ask Mr. Litle if no attempt 
is made in the photometry of incandescent 
gas lamps to determine the mean_hori- 
zontal candle-power as well as the candle- 
power in a certain direction. 


THE ILLUMINATING ENGINEER. 


When we come to the case of inverted 
mantle burners a very nice question comes 
up as to the reading of these in candle- 
power. What is the candle-power of an 
inverted mantle burner? He would like to 
know what the tendency of gas practice was 
in this direction. 

He would like to ask Mr. Litle if the 
mean candle-power of incandescent mantle 
burners, both vertical and inverted, is not 
a matter of considerable importance and 
what appliances are commonly used in gas 
technics to determine it. Also the reduc- 
tion power of mantle burners, that is, the 
ratio of the mean spherical candle-power 
to the mean horizontal candle-power. 

He would like to ask also if there is not 
some approximate relation which connects 
the percentage rate of change of candle- 
power in the mantle burner with the change 
in the calorific value expressed in per 
CLS) 


With regard to a point brought up by 
one of the previous speakers as to con- 
ditions in photometry. This matter was 
investigated by Dr. Matthews, of Cornell 
University probably twenty years ago. He 
showed that the ordinary Bunsen pho- 
tometer is a very one-sided instrument, or 
rather that the people who use the Bunsen 
photometers are one-sided, even though the 
photometer at first was intended so as to 
eliminate differences. In other words, if 
you ever get a true comparison of different 
lights, one of which is at one end of the 
photometer bar and the other at the other 
end of the bar, you must make them stand- 
ing first on one side of the photometer 
bar, and then on the other side of the 
photometer bar, or at first in front of the 
photometer and then with your back to it 
looking at it from a mirror. This, how- 
ever, does not apply to photometers in 
which one eye is used to make the setting. 


The Reichsanstalt in Berlin has a fine 
photometer room with white walls. The 
Bureau of Standards also have a photom- 
eter room with white walls. They do work 
of high precision in those rooms. They 
have a good deal of trouble doing it be- 
cause the walls are white and they have to 
avoid with a great deal more care reflec- 
tions from walls than they would have to 
do if the walls were dark. His opinion of 
the white wall question was that a white 
wall photometer room is all right if you 
cannot have a black wall photometer room. 
He did not consider that it is a scientific dis- 
covery of high value that it is possible to 
have photometer lamps in rooms with white 
walls. You go into one of these white pho- 
tometer rooms and notice that certain por- 
tions of the walls are covered with a very 
excellent black, and have to be, so that 
while it is not necessary to cover the whole 
wall black and you can get along with most 
of the wall covered with white if you are 
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careful, yet it is a matter of great con- 
venience to have a room which you can 
paint black and make a photometer room 
of it. He would question also the effect of 
white walls of the room in changing the 
sensitiveness of the eye of the observer 
who is working in it. 

Mr. W. F. Lawrence wished to ask Mr. 
Litle what kind of a disk he uses in the 
photometer he described, whether it is a 
disk of the ordinary star type, or whether 
it is a disk made of a wedge of chalk or of 
a white material. 

Dr. Sharp wished to ask what degree of 
accuracy is obtainable in precision gas 
meters of the Arthur type? 

Mr. Williams asked how the Welsbach 
mantle is seasoned for standards, and also 
what effect the shrinkage of the mantle has. 
Does burning a mantle of a different quality 
or kind of gas from that which is used to 
make the test on the photometer, affect the 
mantle in any way, the life of it or the 
showing? 

Would there be any advantage or disad- 
vantage in using the incandescent electric 
lamp for the standard of comparison? 
And, incidentally, he would offer a sug- 
gestion with regard to Dr. Sharp’s remark 
Onmeiesbunsem screen. In his practise he 
had found that if he looked at the screen 
with one eye on one side and the other on 
the other, he did not get as accurate results 
as he did by looking with both eyes first on 
one side and then on the other. 

Mr. Lansing asked what is the rela- 
tive effect on mantle burners and ordinary 
open gas in the change of the quality of 
gas? That is to say, if the quality of gas 
changes the candle-power of the mantle 
changes. What would be the relative 
change in the candle-power of ordinary 
open gas? Which is the greater variant? 

Mr. Millar said he disliked to add to the 
burden which Mr. Litle already has placed 
upon him, but would like to know a lit- 
tle more of the significance of the shrink- 
age test, not only upon the candle-power 
but upon the light and upon the burner 
adjustment, if any. And also what signifi- 
cance is given to that in computing the 
value of the mantle as the result of the 
test. Is the value of the mantle stated in 
terms of candle-power, or are other modi- 
fying values given? : 

Another question. Assuming a test 1s 
undertaken, it will require two or three 
days for completion; the calorific value 
and other qualities of the gas are de- 
termined at the beginning of the test. 
Upon the second day the different value of 
gas quality is found. What is done? Do 
you proceed with the test, making some 
corrections, or do you wait until the qual- 
ity found at the beginning of the test 1s 
again available? ; 

The question of glassware is touched 
upon in a recent publication. Some pre- 
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liminary tests are shown which cast grave 
doubts upon the superiority of the glass- 
ware. He would like to know if any work 
had been done which could be considered 
reliable and authoritative, looking toward 
the determination of the relative merits of 
these two kinds of glassware. 

Another question is the mutual candle- 
power values of gas mantles. Within what 
limits of candle-power variation does a 
normal group of mantles of the best qual- 
ity fall? About what percentage limit var- 
lation would we expect under a given set 
of these conditions? 

Mr. Morris raised the question of the 
use of the Bunsen photometer and _ that 
was followed up by some statements with 
regard to the necessity of observing from 
both sides of the bar. Another way of 
doing away with the errors mentioned is 
the use of the substitution method. For 
example, if a Pentane lamp is _ being 
used and it is placed, let us say, at the 
right end of the bar, and a _ secondary 
standard is placed at the left end of the 
bar and then the Pentane lamp be re- 
moved and the testing lamp be placed in 
the same position, all errors due to re- 
flection, lack of symmetry in the pho- 
tometer and in the eyes of the observer 
are done away with largely if not alto- 
gether. 

Mr. Lansing had the impression that it 
had been determined that the error due to 
white walls in a photometer room was well 
within 1 per cent. As he remembered that 
investigation, that was simply an error due 
to reflection of the light from the glass bulb 
on the incandescent electric lamp. ‘The er- 
ror due to white walls may vary one in one 
day, and then, due to the displacing of a 
screen, may be much larger or smaller. 
Recently he had been doing a consider- 
able amount of photometry in connection 
with illumination tests where the work 
had to be done in a lighted room, and 
sometimes in a very brilliantly lighted 
room, and he found that the necessity for 
adapting the eye for observing the pho- 
tometer after looking into the illuminated 
walls of the room was very fatiguing. He 
believed those same measurements if car- 
ried out in a dark room would not 
fatigue the eye to any such degree. 


The Chairman was interested in reading 
about Flicker photometers, especially as 
used for lights of such different colors as 
are the light given by an incandescent 
mantle and the light given by a Pentane 
lamp, and wondered if Mr. Litle had any 
experience with the Flicker photometers 
and what his opinion of them was. 

In regard to the error spoken of by Mr. 
Morris due to not looking at the disk 
from both sides of the bar, he thought, as 
Mr. Williams stated, that that can be 
very largely eliminated by not trying to 
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look at both sides of the disk at the same 


time, but by looking first on one side and’ 


then on the other. Then you use both 
eyes in each case and there is no chance of 
difference between the eyes coming into 
play. 

He would try to answer a question Dr. 
Sharp had asked as to the degree of accur- 
acy, Of an Arthur anecer: 
son -why an Arthur meter if prop- 
erly calipered and properly looked after 
should not be accurate to within 1/1ooth 
of I per cent. It is merely a question of 
adjusting your water line accurately and 
not using your meter as a football. 

Mr. Litle, replying to the question, why 
not take the mean horizontal candle-power 
of a mantle? thought that unless you do 
take the mean horizontal candle-power you 
must always take at least the same size of 
mantle. There may be some change, of 
course, but we don’t find as much variation 
in different directions on the mantle that we 
do from incandescent lamps. I am not 
very familiar, of course, with electric pho- 
tometery, but they are twisting the fila- 
ments in such peculiar shapes now that 
they throw a great deal more light from 
one direction than another, but in the 
incandescent mantle you don’t have so 
much change. As to the mean spherical 
that is also very necessary at times, par- 
ticularly when glassware on the mantle is 
being considered. The various shapes of 
glassware and globes would give different 
results. You find, for instance, on the 
electric arc lamp an alabaster globe is used 
which may have been particularly designed 
to throw a particular amount of light. He 
recalled the case of a pear-shaped globe. 
In that case, of course, it was quite ad- 
vantageous to take the mean _ spherical. 
We find in a great many cases it is sim- 
plv necessary to take the mean lower verti- 
cal candle-power. 

. As to the screening of the bar, he thought 
it is very desirable for several reasons, 
particularly so in using an incandescent 
lamp, as one is liable to look backward and 
forward. It is very bad practise to look 
directly at the mantle in trying to read 
the side of it, because then it is very dif- 
ficult to see properly. Mr. Williams had 
asked how a mantle may be seasoned. He 
simply meant a mantle that had been aged. 
We do notice from our endurance tests that 
after a mantle has burned for several hours, 
it burns constantly and deteriorates more 
slowly, and after a mantle has been burning 
along for a few hours it keeps up pretty 
uniformly, and he took a mantle like that. 


Some one asked about the electric stand- 
ard. He considered it a very fine standard. 
He mentioned the Pentane standard as be- 
ing rather simple; it can be used and is 
very convenient, but for a perfectly equip- 
ped laboratory an electric standard seemed 


There is no rea-- 
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to him ideal. He had been through the 
testing laboratory there and knew that 
they are pretty perfectly equipped. 


As to the relation between the 
candle-power to be expected from a man- 
tle, he had not been able to find any defi- 
nite data. He had read of statements 
where they have been able to approximate 
very nearly, but did not know of an au- 
thority that deals with that directly. He 
would like to have one that absolutely 
proved it. We can approximate it very 
closely, but we have not, as far as he knew, 
an authority that gives it absolutely. It 
makes a considerable difference in pho- 
tometric work to use one gas one day and 
a richer gas the next day. It makes such 
a difference in fact that the resulting test, 
is rather a test of the gas than a test of the 
mantle-or of the appliance, and, therefore, 
the photometer room should be equipped 
with at least a fifteen-foot holder, which is 
enough to run for a day. 


As to the shrinkage of a mantle as affect- 
ing the candle-power: Of course, a very bad 
shrinkage would lessen the illuminating 
surface of the mantle, contracting the 
meshes and interfering with the combustion 
of the gas. 


As to air-hole glassware, as compared 
with the cylindrical glassware, he thought it 
was pretty well conceded that the air-hole 
glassware is not as efficient. In air-hole 
glassware you can use a larger chimney 
and prevent breakage. That is one 
of the reasons it is used. It will not break 
so easily. Probably the glassware being 
further removed from the mantle has con- 
sequently less breakage, and if you take 
that: into consideration you have a gain; 
but the extensive use of air-hole glass- 
ware of irregular shapes is very bad. 
Simply because a piece of glassware has 
air-holes in it does not make it efficient. 
None of the varieties of air-hole glass- 
ware did he find as efficient as the straight 
chimneys. 


As to the initial candle-power of the 
ordinary mantle and what is to be expected 
from an ordinary mantle: From a good 5% 
inch mantle with an 8-inch chimney, I 1-16 
inches in diameter, you can expect about 100 
candles burning on about 4% or 5 feet of 
gas. Now it is perfectly possible to get 
higher candle-powers from a very light 
and fragile mantle, but the mantle in that 
case is not a commercial proposition, be- 
cause it is extremely light and fragile. The 
lighter the mantle, the more candle-power 
you can get, but, on the other hand, they 
won't last. 


One of the audience wished to ask what is 
the percentage of deterioration from the 
initial candle-power after 100 hours of con- 
stant burning. Say, for instance, if you 
start out with an initial candle-power of 
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100. After a period of 100 hours what is 
the percentage of deterioration ? 

Mr. Litle replied that the drop at the end 
of the first is greater than at the end of the 
next 100 hours. And while the mantie 
may depreciate to the extent of say 30 per 
cent, the drop is greatest during the early 
part of the burning. That depends, of 
course, upon the mantle. Those very light 
mantles drop off very rapidly the first too 
hours. They may run along the rest of 
their life pretty steadily; but it depends 
on the mantle. The burning of the mantle 
is greatest during the first 100 hours. The 
heavier the mantle the less the drop. The 
lighter the mantie the greater the initial 
candle-power and the greater the drop. 

Mr. Morris asked about the effect of 
the calorific power of gas upon the 
candle-power of the incandescent mantle. 

Mr. Litle said he had not actual figures 
at hand. It isn’t so great as would be 
imagined; that is, you can have a gas of 
varying calorific value without so much 
altering the candle-power of your mantle. 
But the lower the value of the gas the 
more of it is necessary to produce a cer- 
tain result. As to the efficiency, the ef- 
ficiency would change. The efficiency 
curve would be greatly different and the 
candle-power curve might not be so dif- 
ferent. 

Mr. Lansing asked how the candle-power 
of a mantle made of cellulose instead of 
cotton would compare with the ordinary 
cotton. 


The Chairman called attention to Mr. 
Millar’s question as to the variation in 
candle-power of mantles of the same batch. 

Mr. Litle said that, of course, mantles are 
not made in a mold, and, therefore, have 
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different shapes, and it is simply impossible 
to make two mantles just exactly the same 
shape, the same diameter, the same kind of 
head, etc., and consequently you naturally 
expect some difference in the candle-power. 
Those things change its light-giving prop- 
erties. You have to expect a difference. 
If you asked what that exact difference 
is, he could not tell you offhand. However, 
with modern mantle practise we are able 
to hold the shape pretty well. There is not 
very great difference. It is possible to get 
mantles that don’t vary more than 7 or 8 
candle-power. And considering the method 
of manufacturing mantles, that is rather 
remarkable. 


About the cellulose mantle, personally he 
had not threshed that out enough to give 
you a good answer on it. It is not now a 
commercial proposition. It may become 
one. He had seen different mantles made 
by different processes which gave different 
results, and what we may expect from con- 
tinued experiment he thought it too early 
to mention definitely. He had seen experi- 
mental mantles made which gave very 
good results. 


Mr. Lansing asked if the experimental 
mantles show up as well as the other, or 
better. 


Mr. Litle had not seen any that would 
give a marked increase. He saw some that 
were rather lower. He thought the shape of 
the mantle limits that as much as the ma- 
terial in the mantle. Some of those mantles 
have a very peculiar shape, very different 
from the standard mantle. Then you could 
hardly condemn a mantle because it gives 
less candle-power: it may be due to the 
shape as much as to anything else. 
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Papers Read Before Technical Societies 


NEW INCANDESCENT LAMPS 
By J. SwInBuRNE, F.R.S. 


Read before the Institution of Electrical 
Engineers, Jan. 10, 1907. (Abstract. ) 


A little more than a quarter of a century 
ago several men were working out the arc 
lamp, and inventors were bringing out what 
they called — semi-incandescent lamps. 
People’s ideas were very obscure in those 
days and much confusion was due to the 
mis-statement of the problem that was 
really waiting for solution. 

One of the first to understand the real 
nature of the problem and the proper means 
of solving it was Edison. He realized that 
high-resistance lamps could be worked. in 
variable numbers in parallel on constant- 
pressure circuits. This seems so obvious 
now that we cannot understand where the 
difficulty came in; but if you will look up 
the technical press just before 1880, you 
will find people’s ideas very chaotic. At 
this stage there were evidently two things 
necessary for distribution: a small lamp, 
and high pressure. Edison seems to have 
begun with a high pressure especially in 
view, and Swan, on the other hand, studied 
the small lamp. The curious thing is that 
once platinum was put aside, it was always 
assumed that carbon was the only material 
possible. Certainly, there were some ex- 
periments on silicon. As silicon is very 
closely related to carbon, it seemed likely 
that it would make a good filament, but 
nothing came of it. Attempts were also 
made to coat carbon fiilaments with silicon 
and with boron. 

It may seem strange that people did not 
experiment on some of the more refractory 
metals; but a little consideration will ex- 
plain matters to some extent. The output 
of lamps was much smaller than at present, 
and, therefore, the inducement was less. 
Very little was known about the refractory 
metals, and the measurements of high 
melting points was more or less impossible. 

Apart from these, there was the mechani- 
cal difficulty of working up the metal into 
a very fine wire, and now we have to face 
the problem of making the wire sufficiently 
fine to enable the lamp to be used on cir- 
cuits of 200 to 250 volts, notwithstanding 
low specific resistance. Squirting has made 
it possible to make carbon filaments as fine 
as desired, the difficulty now being that of 
mounting the filaments. If the surface 
emission is the same, the pressure varies 
directly as the square root of the cube of 
the length of the filament. Other things 
being equal, a 200-volt filament is nearly 


1.56 times the length of the 100-volt con- 
ductor and about two-thirds of the di- 
ameter. It is thus very much weaker. 
Weakness is not by any means the only 
consideration, however. The slow wearing 
of the surface causes a greater percentage 
difference in the resistance of the lamp, 
and there is double the pressure available 
for causing discharge across from one leg 
of the filament to the other. The only way 
the lamp maker can reach high pressures, 
other things being equal, is by increasing 
the size of the lamp—that is to say, making 
16- instead of 8-candle-power lamps, and 
so on. 

We have thus the distribution engineer 
clamoring for high pressures, and the lamp 
maker trying to meet his demand, and 
making up to 250-volt lamps. The lamps 
are naturally worse than those made for 
lower pressures. 

The improvement introduced by Mr. 
Howell—namely, the heating of carbon 
filaments in an electrical furnace to con- 
vert them into a form of graphite—is really 
perfecting an old process rather than in- 
venting a new one. The effects of high 
temperature were known long ago. Fila- 
ments heated electrically without deposition 
from gas were found to be hard and flex- 
ible and black, and in some cases had 
about the same resistance hot as cold. 
They were more durable than carbon-coat- 
ed filaments. . The American lamps sare 
probably a development of this idea. 

But as soon as we deal with metal lamps 
the question of distribution comes up again. 
How are lamp makers to get the metal 
wire so fine that it will take, say, 200 
volts? Ifa carbon lamp of 200 volts and 
16 candles has an efficiency of 0.25 candles 
per watt, it must have a resistance of 625 
ohms. But a metal lamp is made to work 
at, say, 0.75 candle-power-watts, and that 
means that for 16 candles there are only 
21.4 watts. This means a resistance of 
1,870, or nearly 2,000 ohms, as compared 
with 625 ohms. There are two influences 
which help the metal lamp, however: the 
resistance of the metal rises considerably 
with the temperature, as a metal is run 
not very far from its softening point, and 
the emissivity of bright metal is less than 
carbon, so that to give the same light at 
the same efficiency the wire may be larger. 
It seems probable, however, that bright 
metal surfaces increase the emissivity as 
they get hot—that is to say, they get black- 
er as they get hotter, a black body being 
brigter at a given high temperature than a 
white body. 

We thus come upon the weak point of 
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the metallic lamp—it is very difficult to 
make a small lamp of 200 volts. The ques- 
tions are, therefore, whether the higher 
efficiency of the metal lamp will induce us 
to bring our pressure down to 100 volts or 
less, on the one hand, or whether the metal 
lamp can be made to take 200 volts or more 
either by further perfection by the use of 
some sort of transformer, or by using 
larger lamps, say, 50 candles each. People 
are not likely to use lamps in series to any 
great extent, or to provide low pressures. 
The metal lamps may get a certain footing 
on 100-volt circuits. It seems probable, 
however, that people’s ideas of the value 
of light will alter, and that incandescent 
gas or large metal lamps will soon lead 
them to use 50 candles as the normal light 
at each point. At the same time, the in- 
genuity which has made metal lamps pos- 
sible seems quite capable of making 200- 
volt 16-candle-power lamps within reason- 
able time. 


Atomic Volumes 


o Atomic Wt |20 
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When we come to the question, What 
metals or compounds are available for 
lamp filaments? we have to consider the 
melting point, the specific resistance, and 
the possibility of making the filaments in 
practise. As to the melting point, it has 
been quite impossible to melt many of the 
metals until the electric furnace came into 
use; but the electric furnace generally deals 
with the metals in the presence of carbon, 
which probably alters their melting points. 
But apart from that, before the recent de- 
velopment of the study of radiation, there 
was no means of measuring such tempera- 
tures as the fusing point of tungsten, for 
example. Even yet we have no data as to 
the melting points of most of the refrac- 
tory metals. The best guide available is 


the periodic law, by which the elements 
are divided into groups, the elements in 
each group having similar characteristics. 
By using elements whose melting points 
are known to be high as a sort of guide 
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posts, we can thus pick out the elements 
most likely to have high melting points. 

Instead of using a table of elements we 
may work from curves. Fig. 1 shows three 
curves. In all of these the horizontal dis- 
tance is the atomic weight. In the top 
curve the height is fusing point; in the 
middle curve, atomic volume; and in the 
lower curve, conductivity. It must be ad- 
mitted that the information obtained is 
very vague, and it can be used only as a 
sort of index to show the probable direc- 
tions for success. The melting points 
when high are very indefinite, so the peaks 
of that curve have been omitted. There 
are very few accurate data available as to 
conductivity of the metals. 

It will be seen that the high melting 
points correspond with small atomic vol- 
umes. Electrical conductivity seems to fol- 
low the same sort of rule. 

In making metal or carbide filaments 
there are several processes. 

A carbon filament may be made first, and 
this may be coated by efectrical heating 
with other substances, and the carbon can 
then be volatilized. 

The same process can be carried out ex- 
cept that the carbon, instead of being vola- 
tilized, is combined, making a carbide. A 
wire may be deposited electrolytically 
from a solution. 

The material may be ductile, in which 
case it is drawn into wire in the usual way. 

The material may be made into a very 
fine, smooth powder, and mixed with some 
agglomerant and squirted. The squirted 
filament is then dried, baked, and heated 
electrically to get rid of carbon if an or- 
ganic binding material has been used. 

An oxide may be mixed with carbon and 
made into a paste and squirted. The fila- 
ments, after baking, are heated electrically 
im vacuo; the carbon then reduces the ox- 
ide, making either metal or carbide accord- 
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ing to the proportion of carbon employed. 


The carbon may be supplied by heating in 
hydrocarbon vapor. 

The oxide may be made into a rod and 
run like a Nernst lamp, except that the 
process is carried out either in vacuo or in 
hydrocarbon gas, so that the oxygen is 
removed, leaving metal. 

These are the most likely, or the least 
unlikely ways of making filaments. There 
are others which figure in patent literature 
a good deal. The laws of nature, as re- 
vealed in patent specifications, are so ex- 
traordinary that I do not feel justified in 
confusing your minds with them. 

The account in the technical papers of 
the methods used by the inventors may not 
always be absolutely true in detail, and they 
frequently have quite a suspicious flavor 
of patent specifications. 

The plan of coating a carbon and then 
volatilizing the carbon by heat has a heroic 
ring about it, which promises a lamp capa- 
ble of very high efficiency; but I want to 
see it done. Most metals are likely to form 
carbide rather than let the carbon go off. 

The Cruto lamp of about 1884 was sup- 
posed to be made by the converse process 
of depositing carbon on a fine platinum 
wire, and then heating the carbon till the 
platinum boiled off. The actual filaments 
were of such low specific resistance that 
platinum must have remained there. 

The electrical deposition of metal fila- 
ments is generally troublesome because most 
of the metals that might do for lamps will 
not deposit uniformly enough, and electro- 
lytic deposits of hard metals are not capable 
of being drawn down into wire. For such a 
process to be successful the core or mandrel 
must not be made of a metal that will 
form an alloy. It need not necessarily be 
metal at all; presumably such a material 
as nitrocellulose coated with blacklead, or 
made conductive by any of the ordinary 
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methods, would serve. The resulting fila- 
ments would be tubes, of course. 

Drawing down fine wire is generally im- 
possible, as few of the metals are ductile. 
pie drawing down of tantalum by Messrs. 
Siemens & Halske is a perfect triumph 
when not only the real but the reputed 
properties of that metal are considered. 
Whether they draw the metal down by itself 
or by the Wallaston method I do not know. 
Tantalum is not soluble in the ordinary 
acids. 

It might be urged that alloys should be 
used for lamp-wires, on the ground that 
many brittle and intractable metals may 
make ductile alloys. There is another 
point; alloys have generally high specific 
resistances, and this is, of course, a very 
great point. Even a very small addition 
of another metal may increase the specific 
resistance very considerably. Unfor- 
tunately alloys generally have low fusing 
points. Where a very fusible and a re- 
fractory metal are alloyed, the addition of 
the refractory to the fusible meta! generally 
lowers the melting point. If the metals 
have about the same melting point, their 
alloy may be taken as having a lower 
melting point. This is not a law, however. 
It is possible, therefore, that alloys may be 
formed which have very high melting 
points. 

The addition of a very little of one metal 
to another may be worth while if it in- 
creases the specific resistance very con- 
siderably and lowers the melting point very 
little. Where you add a trace of infusible 
to a fusible metal the first result is gener- 
ally to reduce the melting point; but after 
a very small percentage the melting point 
rises very rapidly. If you begin with the 
infusible metal, the addition of the fusible 
component brings the melting point down 
very rapidly. In alloying two metals of 
about equal melting temperatures, the first 
addition of either brings the melting point 
down rapidly. 

Alloying has a possible disadvantage in 
reducing the resistance temperature co- 
efficient. The rise of resistance is a most 
valuable property in a wire lamp, as it pro- 
tects the lamp against overrunning and al- 
lows it to be run bright on a more variable 
supply current. 

One of the difficulties in squirting fila- 
ments of a paste of finely divided metals 
and an agglutinant is to get the metal fine 
enough to squirt smoothly. This is also a 
question of the agglutinant used. Some of 
these metals in the form of powder will not 
squirt properly; the paste comes out thin 
at first and then particles choke the nozzle 
and the squirting stops. Gum tragacanth 
is a very convenient material to use. After 
a metal filament is squirted it must hold 
together until it is heated to a temperature 
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high enough to sinter the particles together 
and make the filament into a sort of wire. 
Obviously it must be difficult to make very 
fine filaments in this way; and very fine 
filaments are necessary for reasonably high 
pressures. If the agglutinant is carbon 
there is a chance of its being taken up by 
the metal and either making the carbide or 
reducing the melting point, just as the car- 
bon reduces the melting point of iron or 
manganese. 

Squirting a mixture of oxide and carbon 
and then electrically heating to get metal, 
does not look promising, because the re- 
sulting filament will probably contain car- 
bon, or be a carbide, or else the metal will 
be only a sort of framework, as the volume 
of the metal must be less than the volume 
of the oxide plus enough carbon to reduce 
it. Such a filament will have a large di- 
ameter for a given weight of metal and 
will most likely be very weak. 

It may often be easier to squirt a very 
fine filament of pure oxide than of metal 
powder. The oxide can then be reduced in 
many cases in hydrogen or even carbon 
monoxide, without forming carbide. In 
some cases I have found very fine “impal- 
pable” powders can be made by calcining 
such salts as the oxalates. Prolonged 
kneading has a marked effect on the ex- 
trudibility of many pastes. A paste is 
much improved by being worked for hours 
in a small Pfleiderer, or by more powerful 
kneading. The attrition of the particles 
seems to grind their corners off. Starch 
and water will not squirt well. Gum traga- 
canth may act partly as a smooth cushion 
which prevents crystalline or angular par- 
ticles locking; but prolonged kneading ap- 
pears to grind off the corners. 

A filament made by reducing a paste of 
oxide with hydrogen is also more likely 
to be dense and strong than one which had 
the reducing material in its body in addi- 
tion. 

The method of making a squirted fila- 
ment of oxide and reducing it by running 
it as a Nernst lamp in vacuo 1s trouble- 
some, and does not give much promise of 
supplying long, thin filaments. If you con- 
sider the length and diameter of the Nernst 
rod for 100 volts, and compare it with a 
tantalum wire for the same pressure, it 1s 
evident that the method is almost hopeless. 
A wire the length of a tantalum lamp fila- 
ment and approximately of the same di- 
ameter could not be made of oxide, and 
could not be run as a Nernst filament with 
any reasonable pressure if made. 

Though metal filaments have been re- 
ferred to so far, it must be remembered 
that there is no reason to limit the possible 
conductors to elements. To begin with, 
we have the first of the new lamps, the 
Nernst, made of oxides. The stick of ox- 
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ides, or glower, as it is generally called, 
has such a high specific resistance that it 
need not be long and thin to meet ordinary 
conditions. On the other hand, the rods 
cannot be made very thin, as the oxide is 
soft when hot, and is fragile when cold. 
The smallest rods are for 0.25 ampere. 
On 100 volts these give 16 candles. The 
makers do not make rods to take 0.125 am- 
pere so as to give 16 candles on 200 volts. 
As the lamp requires a heater to start it, 
and an electro-magnet tc put the heater out 
of circuit, and a series resistance, or “bal- 
last,” it has always appeared to me that the 
real field for the Nernst is not in competi- 
tion with the 16-candle carpon incandes- 
cent, but in the region of 50 to 500 candles. 
The proportion of cost of the electro-mag- 
net, the resistance, and the heater is small- 
er in this case, and there 1s a more open 
field in competition with small arcs and 
Welsbach mantles. 

The Nernst glowers used to be a mixture, 
of yttria, or “yttrite earth” with zirconia, 
and it is probable the same or a similar 
mixture is still used. There may be a 
very large field for improvement here. 
The conditions are that the rod should 
stand a high temperature without getting 
too soft, and it should begin to conduct at 
a low temperature, so that starting should 
be easy. On the other hand, the lamp is 
of course patented, so there is not much 
encouragement for workers making im- 
provements. It may be thought, however, 
that it would be better to employ some 
black substance, such as some oxides or 
sulphides which conduct even cold, so that 
preliminary heating might be omitted. It 
is a very curious thing that there does not 
seem to be any such black >r colored com- 
pound in existence. 

It may be supposed that a Nernst glower 
should be run in vacuo so as to avoid the 
loss by convection. The glower appears to 
conduct electrolytically exactly in the man- 
ner of a fused salt; and it would further 
appear that with a direct current you would 
get oxygen at one terminal and zirconium 
at the other, and that in a few minutes the 
glower would be entirely reduced to zir- 
conium if the oxygen were pumped out as 
liberated. What really happens is that the 
lamp goes out. It does the same in an at- 
mosphere of coal gas. This may be be- 
cause the zirconium is liberated in a modi- 
fication which does not conduct. 


Zirconium is said to fuse fairly easily; 
on the other hand, people are said to make 
lamps of it. As a matter of fact, it is not 
easy to get such a metal as zirconium pure, 
and it is quite possible the melting point is 
very high and that some particular alloy 
that was really being examined melted 
more readily. Nearly all the melting points 
of such metals are uncertain. Zirconium 
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lamps are made for up to 110 volts at I- 
candle-power. 

Tantalum is an exceedingly hard metal, 
and in its pure state is ductile. It has a 
specific resistance of 16.5 microhm centi- 
metres cold, or about 85 at the temperature 
of a lamp. It has a high tensile strength, 
namely, 93 kg. per square mm., or 59 tons 
per square inch. 

It is drawn into wires of 0.05 down to 
0.035 mm.; the large wire gives 25-candle- 
power lamps on 110 volts. Such a lamp 
has a filament 65 cm., or 25% in. long and 
a pound of tantalum will make 20,000 of 
these lamps (Bohm). The tantalum is 
melted in an electric arc or furnace, and the 
ingots are heated red, and hammered into 
sheet, and the sheet is drawn down into 
wire. Messrs. Siemens & Halske intend to 
make various uses of the marvellous prop- 
erties of tantalum, and we shall probably 
soon have tantalum pens, drills, cutting 
tools, unoxidizable springs, and other de- 
sirable objects. 

Messrs. Siemens & Halske do not rec- 
ommend their lamp for alternating cur- 
rents, and it cannot, therefore, be as good 
as on direct-current curcuits; but it runs 
on alternating currents very well—though 
perhaps not as long. On the other hand, 
it is said that the alternating current al- 
ters the physical nature of the wire, ren- 
dering it brittle, so that it breaks, not by 
fatigue, but by any slight shock it hap- 
pens to get. The Nernst lamp has shown 
peculiarities in this connection. Some 
glowers will run with direct and not with 
alternating currents, and some with alter- 
nating only. Direct-current glowers also 
go wrong if the poles are changed. These 
mysterious properties of the Nernst do not 
seem to have anything to do with the be- 
havior of the tantalum lamp, however, but 
all the same there may be something in 
common. It is said that the makers have 
now overcome the aversion of tantalum 
lamps to alternating circuits. I have heard 
of tantalum lamps running on the county 
of London alternating circuits for over 
600 hours with no failures. The makers at- 
tribute the breakage to the trembling ac- 
tion due to the repulsion of the wire near 
the bends. This will most likely be over- 
come by making the zigs and the zags so 
that the wire does not come close to itself. 
At present they are very acute angles. 
The wires are often in movement through a 
sort of Trevelyan rocker effect at the points 
of contact of the wire with its numerous 
supports. 


Molybdenum is very similar to tungsten, 
and unless the melting point is lower than 
that of tungsten, we shall probably soon 
have molybdenum lamps. The trioxide 
(the anhydride of molybdic acid) is vola- 
tile, and might, therefore, be used for de- 
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position of molybdenum on a carbon fila- 
ment, SO as to replace it. 

Tungsten is a very hard and brittle 
metal, which is sold in the form of a black 
powder, or as ferrotungsten. It was for 
a long time considered infusible, but the 
electrical furnace showed, of course, that 
it could be melted. The powder is difficult 
to squirt, even mixed with a good deal of 
tragacanth. Kuzel has invented what 
seems to be an admirable way of getting 
over the difficulty. He gets the tungsten 
in the form of an exceedingly fine powder 
by employing a method that was used by 
Bredig for getting what is known as col- 
loidal platinum. An arc is made to play 
under water between tungsten electrodes, 
and this is said to produce a very finely 
divided form of metal. This is collected 
and worked up into a stiff enough paste 
and squirted. Tungsten is not an expen- 
sive metal, so the only cost is in making the 
filaments. Whether the filaments of this 
paste can be squirted so as to be fine 
enough for 200 volts will be a matter for 
the future to decide. 

There have been processes proposed or 
worked in which carbon is heated in a va- 
por of a volatile tungsten compound, such 
as the trichloride, or oxychloride, in the 
presence of hydrogen. If the reduction in 
the case of a chloride is due to the hydro- 
gen, thus involving no oxidation of the 
carbon, a filament must be obtained of car- 
bon coated with tungsten, or of carbide of 
tungsten, but if there is any oxygen in- 
volved in the reduction, as in the case of 
the oxychloride, the carbon is burnt out, 
and the result is a filament of tungsten. 

Osmium is a crystalline metal, which 
cannot be drawn into wire. It is very 
hard, scratching quartz. The Welsbach 
osmium lamp is said to be made by making 
a paste of finely divided osmium and an 
organic binding material, and squirting it. 
The filaments are then baked, and heated 
electrically to a very high temperature to 
eliminate the carbon. The osmium lamp 
so far produced is for low pressures, as 
might be expected, but it has a very high 
efficiency. 

Making lamps of osmium must be an ex- 
ceedingly difficult matter. Apart from the 
metal being very hard and infusible, it oxi- 
dizes in the air if very fine, though this 
oxidation does not take place if the fine 
powder has been heated to a high tempera- 
ture. The peroxide of osmium formed 1s 
very poisonous. It gives off enough vapor 
at ordinary temperatures to give much 
trouble, and especially to injure the eyes 
very seriously. This oxide might be used 
for replacing a carbon filament with os- 
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mium. No doubt that has been tried. The 
osmium, was, I think, the first of the new 
metal lamps, and was invented by Auer von 
Welsbach. It is made up to 75 volts with 
40 candles by the Vienna firm, now the 
Westinghouse-Metallfaden- Gliihlampfabrik, 
but 100-130-volt lamps of only 32 candles 
are supplied by the General Electric Com- 
pany, of this country. The rated efficiency 
is 0.8 candle-power-watts. 

The osmium wire is said to be as small 
as 0.03-mm. diameter, which is rather less 
than the finer tantalum wire. 

There is some doubt whether the lamps 
known as osmium are made of osmium or 
tungsten. Tungsten is a curious metal, and 
it is not very easy to get into alloys, but 
it may alloy with osmium perfectly for all 
I know to the contrary. 

Iridium is.a very hard and brittle metal. 
Iridium lamps are being studied by 
Gulcher. He makes a paste with an or- 
ganic binding material, and squirts it. The 
filaments are then heated electrically until 
the carbon is burnt out, and some particles 
of metal have sintered together. This 
lamp, like other metal lamps, labors under 
this disadvantage of being only for low 
pressures. It would seem that squirted 
metal filaments are less likely to be made 
fine than those made from drawn wire. 

It will be asked, What will be the effect 
of these new lamps on the industry? In 
the first place, they will increase the output 
of stations, just as machinery increases 
labor. But there is more difficulty in fore- 
seeing the result of high efficiency ham- 
pered with low pressure. A probable so- 
lution is that people will gradually take to 
using large lamps taking the same pressure, 
and about the same power as carbon lamps, 
but giving say, four times the light. 

As to the lamp-making industry, one 
might prophesy without much danger that 
the present makers will merely alter their 
manufacture and make metal lamps. This 
will pay inventors better, because the exist- 
ing makers have their commercial organi- 
zations and their facilities for distribution. 
Besides, all the works except the parts de- 
voted to making the filaments will be avail- 
able. It is possible new works will be set 
up to make filaments, and that the lamp 
makers will buy the filaments, and make 
them up into lamps. There are so many 
possible ways of making metal filaments, 
that it is doubtful whether large monopolies 
can be secured by patents; and it is much 
more likely that most of the present carbon 
lamp makers will work out particular pro- 
cesses of their own, and will put their own 
metal lamps in the market. 
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INVESTIGATIONS ON LIGHT 
STANDARDS AND _ PRESENT 
CONDITION OF THE HIGH 
VOLTAGE GLOW LAMPS 


By C.Lirrorp C. PATERSON 

Read before the Institution of Electrical 
Engineers. (Abstract.) 

Summary.—The author gives an account 
of investigations carried out at the National 
Physical Laboratory. The first part of the 
paper (which we give in abstract in this 
issue) deals with standards of light. Har- 
court’s 10-candle-power pentane standard, 
the German Hefner and the French Carcel 
standards are described, and the effect of 
humidity and other atmospheric conditions 
upon their accuracy are considered. Life 
curves of Fleming-Ediswan lamps, as sec- 
ondary standards, are given, and the con- 
ditions for their accurate use are laid down. 

The second part of the paper deals with 
commercial glow-lamp testing. 

COMPARISON OF FLAME STANDARDS 

Investigations were undertaken two years 
ago at the instigation of the Institution of 
Gas Engineers with the object of determin- 
ing the ratio between the candle-powers of 
the three principal standards as used by the 
gas industries at the present time in 
France, Germany and Great Britain. The 
International Photometric Commission, on 
which the Institution of Gas Engineers is 
represented, arranged for similar tests to 
be made in France and Germany in order 
to obtain a set of independent comparisons 
which enable the ratios between these 
standards to be defined with more certainty 
and greater accuracy than at present. 

The results of tests in France and Ger- 
many, although completed more recently 
have already been published.* The stan- 
dards to which reference has been made are 
respectively the Carcel, the Hefner and the 
10-candle-power Harcourt pentane lamps. 
In all measurements which are described 
here, special care has been taken in the 
manipulation of the lamps so as to conform 
to the same regulations and practise which 
are observed in the countries in which they 
are the recognized standards. 

INFLUENCE OF ATMOSPHERIC CONDITIONS 

It is now generally appreciated that at- 
mospheric conditions have important influ- 
ence on the candle-power of flame stand- 
ards. Dr. Liebenthal,t at the Reichsan- 
stalt, was the first to make quantitative 
measurements in order to determine the 
amount of their influence on the candle- 
power of lamps. He investigated two 
standards, the Hefner lamp and the Wood- 
house & Rawson 1-candle pentane lamp, 
and the formule (referred to later in this 
paper) which he found for correcting the 
Hefner lamp are now generally accepted. 

In a photometer room the principal varia- 
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tions to which air is liable are the follow- 
ing: 

rou Variation in the amount of carbon 
dioxide. 

(2). Variation in the amount of water 
vapor. 

(3). Variation in the proportion of oxy- 
gen and nitrogen. 

(4). Changes in barometric pressure. 

Before any measurements with flame 
standards can be considered reliable, it 
must be ascertained that the air is under 
standard atmospheric conditions, at least as 
regards 2, 3 and 4. If the conditions be 
abnormal, the amount of water vapor in 
the air as well as the barometric pressure 
must be known. 

Carbon Dioxide-—In order to determine 
the effect, if any, of variations in the 
amount of COs present in the air, samples 
of air were taken from the neighborhood 
of the lamps whilst observations were being 
made. The air was slowly drawn into pre- 
viously exhausted t1o-litre vessels which, 
when full, were tightly stoppered and ex- 
amined at the end of the observations. 





aC Oana Water - 
Hours Candle- litres per vaporin 
after, Spowenol, yculic litres per 
lighting pentane metre. cubic meter 
up. lamp. of pure air. 
oF 10.06 0.55 9.0 
a On7 5 0.9 10.6 
12 9.60 1.4 LILO 
as 9.45 1.8 DiS 
44 9-33 9 12.2 
TABLET. i 


In order to increase the cffect, the amount 
of COs: was artificially increased to 1.9 litres 
per thousand—the photometer room being 
closed, and candle-power readings taken 
over four hours. The results of such an 
experiment are given in Table I. After 
correcting for the increase of humidity, the 
decrease in candle-power after 4% hours 
amounts to some five per cent, which is 
very little in excess of the observed de- 
crease when the lamp is merely left burn- 
ing in an ordinary closed room. — 

Dr. Liebenthal found, from experiments 
in which he artificially increased the 
amount of CO: to 14 litres per cubic metre, 
that the candle-power ot the Hefner lamp 
varied 0.7 per cent for an increase of 1 litre 
per cubic metre. As the amount of CO, 
in a closed room, 5 x 6% x 4 metres, in 
which the lamp has been burning for up- 
wards of one hour, only varies from about 
0.5 to 0.8 litre per thousand, the influence 
of carbon dioxide on the candle-power of 
flame standards may be considered, for 
practical purposes, as negligible. 


Water Vapor-—The amount of water 
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vapor in the air is the most disturbing fac- 
tor to be considered in dealing with flame 
standards, as it cannot be remedied by ven- 
tilation of the photometer room. There are 
large natural variations in humidity 
throughout the year, and rapid changes 
from day to day. 

The total variation, for instance, in the 
candle-power of the pentane lamp between 
a warm damp day in summer and a frosty 
one in winter may amount to ten per 
cent, and between two consecutive days it 
is frequently two or three per cent, the 
changes in the Hefner lamp from this 
cause being very little less than in ‘the pen- 
tane. 

The author reproduces in Fig. t a curve 
which he has already published showing 
the effect of variations in the humidity of 
the atmosphere on the candle-power of the 
pentane lamp; candle-power is plotted ver- 
tically and humidity horizontally. The lat- 
ter, for obvious reasons, 1s stated volu- 
metrically, and is expressed as the number 
of litres of vapor per cubic metre of 
dry air. If, therefore, e stands for the 
aqueous pressure, then the water vapor per 
cubic metre of pure air litres, 
where b is the reading of the barometer. 

On the assumption that the variations 
follow straight-line laws, the following 
formula is obtained connecting candle-pow- 
er and humidity for the 10-candle-power 
lamp: 

Candle-power=10—0.066 (10—e), 

where e is the number of litres of water 
vapor per cubic metre of ary air. 

It will be observed from this formula 
that the candle-power of the lamp has its 
standard value when the volume of water 
vapor is 10 litres, which is very nearly the 
mean humidity over the three years 1897- 
98-99, both at the Meteorological Office in 
Victoria street and at the Observatory De- 
partment of the National Physical Labora- 
tory. 

For the Hefner lamp the formula ob- 
tained from these observations is (the 
candle-power being expressed in terms of 
the pentane lamp)— 

Candle-power (pentane 
0.006 (8.8—e). 

Dr. Liebenthal, from the average of a 
much larger number of observations made 
over a greater range of humidty, found a 
formula which, using the ratio of Hefner 
to pentane as 0.914, gives the following re- 
lation: 

Candle-power 
0.005 (8.8—e). 

As this is based on more numerous data, 
it should be accepted in preference to that 
given by the author for the Hefner lamp. 
It may be noted, however, that the differ- 
ence between the two formule produces a 
discrepancy of under one per cent in candle- 


units )=0.914-+ 


(pentane units)—0.914+ 
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power even for an extreme case. 

A similar set of experiments was made 
with two Carcel lamps, but the want of 
constancy in the lamps themselves intro- 
duced inconsistencies into the results 
which were of a greater order of magnitude 
than the largest change produced by such 
range of humidity as was obtainable at the 
time of the year. The results show that 
the Carcel lamp cannot be relied upon for 
constancy to the same extent as the other 
lamps. 

The Proportion of Oxygen and Nitrogen 
in the Air.—The author is not aware that 
any quantitative measurements have yet 
been made on the diminution of candle- 
power due to a scarcity of oxygen in the 
photometer room. The author has miade 
measurements in a closed room of 130 
cubic metres capacity and finds that the 
candle-power of the pentane lamp falls 
about one to one and one-half per cent in 
one hour. Mr. Dowt has recently pub- 
lished some curves showing results of tests 
made at Kensington in a room of about 400 
cubic metres capacity in which, with two 
persons in the room and two gas burners 
alight, the candle-power dropped some 2.5 
per cent in one hour. 

In a small closed photometer room, in 
which no effort is made to ventilate, a vari- 
ation of from seven to ten per cent may 
quite possibly be obtained. 

With a small unit such as the Hefner 
lamp the trouble due to this cause is not 
so great, but it may safely be said that 
under no circumstances is it safe to use a 
flame standard in a room which has not 
very efficient ventilation. 

In the case of a 10-candle-power pentane 
lamp no measurements should be relied 
upon which have been made after the lamp 
has been burning in a closed room for 
more than fifteen or twenty minutes, un- 
less, of course, the source of light which is 
being measyred is affected in the same way 
by atmospheric changes. 

“These facts illustrate how misleading 
may be the results obtained from compari- 
sons made against a flame standard unless 
proper precautions are taken and the neces- 
sary corrections applied. Suppose, for in= 
stance, that the lamp is being used in a 
room in which the ventilation is bad, and 
causes, say, a drop of 1.5 per cent in the 
candle-power of the lamp. If the day be 
hot and damp and the barometer low the 
to-candle lamp will be giving a light of the 
order of 9.2 candles, and the Hefner lamp 
under the same conditions will be only 
slightly more accurate. 

Barometric Pressure —Under normal con- 
ditions the amount of variation due to this 
cause does not give rise to such large er- 
rors as changes in humidity. With a high 
barometer the candle-power tends to rise, 
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but the amount of the increase or decrease 
varies considerably with the type of flame 
—being 0.8 per cent per 10-mm. variation 
in barometric pressure for the Io-candle 
pentane lamp, and (according to Dr. Lieb- 
enthal) 0.1 per cent for the same. variation 
in the case of the Hefner unit. The author 
has found 0.2 per cent in the latter case, 
whilst Dr. Liebenthal finas 0.0 per cent in 
the former. The same authority has found 
0.4 per cent in the case of the 1-candle 
pentane flame. 

The formule which are most probably 
correct for expressing candle-power varia- 
tions due to barometric changes are as 
follows: 

Pentane lamp: Candle-power=10—0.008 
(760—b). 

Feiner! ~lanips 
0.0001 (760—)D). 

(Pentane units. ) 


Candle-power=o.914— 


PHOTOMETRIC METHODS 


The foregoing notes on the variation of 
standards with changing atmospheric con- 
ditions make it clear that it is not sufficient, 
in comparing any two flame standards of 
different types, to fix them up on the bench 
and measure the ratio of their candle-pow- 
er, without regard to the state of the air, 
on the assumption that they will both be 
affected equally by it. Unless the atmos- 
pheric conditions at the time of observation 
happen to be standard, or very nearly 
standard, it will be necessary to make a 
series of candle-power comparisons with 
hygrometric and barometric readings. A 
formula has then to be deduced from which 
the candle-power, under standard con- 
ditions may be found. 

The double comparison, or substitution 

Candle Power=10 + 0°066 (10—e). 
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method, described by Dr. Fleming in the 
paper already mentioned is much to be pre- 
ferred to direct comparison. By this meth- 
od a constant source of light, such as an 
electric lamp, is fixed at one end of the 
bench, and the two flame standards to be 
compared are alternately measured against 
1b; 
DESCRIPTION OF THE LAMPS 

The 10-candle Harcourt Pentane Lamp.— 
The details of this lamp are too well known 
in this country to require any but a brief 
description. 

Liquid pentane is contained in the rect- 
angular saturator at the top of the lamp. 
Air passes in at one of the cocks, and being 
drawn round baffle plates over the surface 
of the pentane, passes down a rubber tube 
to an argand burner. As far as the author 
is aware, the extent to which a variation 
in the dimension of any part of the lamp 
affects its candle-power has not yet been 
determined. 

The Metropolitan Gas Referees state in 
their notification that in regulating the 
height of the flame to about midway be- 
tween the bottom of the window and the 
bar which crosses it, a variation of a quar- 
ter of an inch either way does not materi- 
ally affect the candle-power of the stan- 
dard. The statement may be accepted, pro- 
vided the accuracy required is not greater 
than about one per cent. If, however, 
measurements are to be within this limit of 
accuracy, it is essential that the flame shall 
be kept at the right height. Dr. Liebenthal 
finds that the flame may rise above the 
mark but not fall below it. The author’s 
experiments, however, confirm those of 
other observers in showing that Mr. Har- 
court has so proportioned the dimensions 
of the lamp that when the flame is at its 
correct height its candle-power is a maxi- 
mum, any variation above or below the 
normal height causing a decrease in candle- 
power. ‘This is a point which is greatly in 
favor of the lamp, as it means that a certain 
variation of height is possible, within which 
it is easy to regulate the flame, and within 
which the candle-power does not perceptibly 
vary. By affixing a piece of rubber tube 
to the air inlet cock on the saturator, and 
regulating the flow of air through it by 
an ordinary screw clip, a most sensitive 
means of flame adjustment 1s_ obtained. 
The observer also is able to stand at such 
a distance from the lamp that he will not 
disturb the steadiness of the flame through 
air currents set up by breathing near it. 
From this point of view the lamp compares 
favorably with the Hefner standard, the 
flame adjustment of which, in spite of the 
ingenious optical device employed, is a mat- 
ter requiring great patience and entailing 


Cande Power of Pentane Lamp corrected to a Barometric Some uncertainty. 


Pressure of 760 mm. of Mercury. 


The lamp, after carefully setting up, is 
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lighted up and all doors and windows of 
the room are thrown open. ‘The lamp is 
allowed to burn in this way with a free 
circulation of air for half an hour. The 
electric comparison lamp is then brought 
up to its correct voltage by the potentio- 
meter, and all windows and doors closed 
before taking readings. 

The author has not yet found any photo- 
meter which, for the same colored light, is 
equal in sensitiveness and accuracy to the 
Lummer Brodhun contrast apparatus, which 
has been used in all the experiments de- 
scribed in this paper. Some twelve or 
fourteen readings are made during the first 
ten minutes after the room has been closed, 
together with observations on both venti- 
lated and unventilated hygrometers placed 
at different points in the neighborhood of 
the lamp. It is desirable for one observer 
to remain at the photometer, and on no ac- 
count to see the position of his own set- 
tings, whilst another adjusts the flame and 
takes down readings. 

As regards the accuracy of photometric 
observations made under these conditions, 
much depends upon the condition of sensi- 
tiveness of the observer’s eye on any par- 
ticular occasion. This is certainly a vari- 
able quantity. The author has found on 
some occasions that ten readings will agree 
amongst themselves to within plus or minus 
a quarter of one per cent, whilst on others 
the extremes are occasionally as much as 
plus or minus one per cent. 

The Hefner Lamp.—The construction of 
this lamp, which is the official standard of 
light in Germany, is simple. Amyl acetate, 
passing specified tests for purity, is con- 
tained in the cylindrical resevoir which 
forms the base of the lamp. A wick dips 
into this and passes up the thin-walled 
German silver tube projecting from the 
centre of the base. 

The wick, however, does not rise above 
the top surface of the tube, but, keeping 
about level with it, serves to conduct the 
liquid to the point of ignition. The exact 
thickness, diameter, and height of this tube 
are some of the most vital points which 
determine the candle-power of the lamp. 
The flame is a lambent one, and resembles 
in general appearance that of an ordinary 
candle, except that it is circular in cross- 
section. The exact height at which it gives 
one Hefner candle (about o9 English 
-eandle) is 40 mm. In order to adjust the 
flame to the correct height the lamp is 
fitted with a sighting arrangement, in which 
an image of the top of the flame is cast on 
: ground glass disc and adjusted to a cross 
ine. 


The general precautions to be observed 
as regards ventilation when using this 
lamp are the same as for the pentane stan- 
dard, except that the room may be closed 
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‘somewhat longer while readings are in 


progress before the candle-power of the 
lamp shows signs of diminution. 

Considerable care and ‘skill must be em- 
ployed in judging whether the flame is at 
its correct height. The -author has ob- 
served a tendency for the flame to vary its 
shape from one which 1s high and pointed 
to one which is somewhat depressed and 
flattened at the top, and an error in candle- 
power may result from taking either of 
these as correct, and adjusting either the 
pointed or the flattened flame to the level 
of the cross line. The same effect has 
been remarked by Messrs. Laporte and 
Jouaust. 

The Carcel Lamp.—The Carcel lamp is 
the working standard of the French gas 
industry. It has a glass chimney and a 
wick of annular cross-section to which a 
continual supply of pure colza oil is main- 
tained by means of a clockwork pump. 
According to the official instructions, the 
wick should stand 10 nim. above the wick 
holder, but in practise this is found to give 
too great a consumption of oil, and it is ne- 
cessary to lower it to 7 mm. or 8 mm. in 
order to approximate to standard con- 
ditions. The chimney is made of thick 
glass, and reduced in diameter 7 mm. above 
the wick. 

The lamp should give. its standard 
candle-power when consuming forty-two 
grammes of oil per. hour. As the exact 
height of the glass chimney above the wick, 
and the depth to which the wick is charred, 
affect the rate of consumption, it is very 
difficult to adjust to the forty-two grammes 
per hour. The actual consumption is there- 
fore measured, and provided it falls within 
thirty-nine and forty-six grammes per hour 
the candle-power is corrected accordingly. 
There is some doubt, however, whether this 
is strictly accurate, M. Laporte having 
found that for a given variation in con- 
sumption the candle-power change is pro- 
portionally too great. 

Various precautions must pe observed 
when using the lamp. For each experi- 
ment the oil and the wick must be new, 
and the latter should have been previously 
stored in a desiccator in order to ensure 
absence of moisture. As soon as a full 
stream of oil is circulating over the wick, 
the latter should be charred to an even 
depth of about 2 mm. all around 
by means of a flat-flame burner. The 
lamp may then be lighted, turned very low, 
and the chimney fixed so that the neck 
presses close down on to the wick. 


Under these conditions there is only a 
very shallow ring of flame, which tends to 
equalize the intensity all round the wick. 
After about fifteen minutes burning in this 


condition the chimney is raised, the wick 


turned up, and after twenty minutes’ burn- 
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ing the lamp is counter-poised on a balance 
on the photometer bench. A weight of ten 
grammes is then added to the scale on 
which the lamp is fixed, and the time ob- 
served before the balance again swings 
over. The correct time for a consumption 
of ten grammes per hour is fourteen min- 
utes seventeen seconds, 

The author has found that, after taking 
a large number of observations, and using 
the utmost care in all the adjustments, he 
has been unable to make readings from the 
lamp agree with certainty to within an 
acclitacy Ol 4-"Ore—~ threemperscent: 

In any two directions at right angles the 
light from the flame may vary as much as 
two per cent, and to ensure even the three 
per cent limit of accuracy it is generally 
necessary to take a mean of four readings 
round the flame in directions at right 
angles to each other in a horizontal plane. 

SUMMARY OF RESULTS 

In summarizing the results of the tests 
described here, and comparing them with 
those made in other laboratories on the 
Continent, it is essential to take into con- 
sideration the fact that the Hefner lamp 
in Germany has its standard value when 
the volume of water vapor is 8.8 per 1,000 
litres of air, whereas both the pentane and 
Carcel lamps are taken as having their 
nominal value when the humidity is 10 
litres per 1,000. 

The following values have been obtained 
for the Hefner and Carcel lamps by the 
author, and are in the terms of the I0- 
candle Harcourt pentane lamp :— 

Hefner lamp=o.914 pentane units. 
Carcel lamp=o.982 pentane units. 

The following table gives the values for 
the same ratios recently obtained and pub- 
lished by the Reichsanstalt in Berlin, and 
by the Laboratoire Centrale d’Electricité 
and Laboratoire d’Essais et Conservatoire 
in Paris. Expressing the values of all the 
units in terms of that given by the pentane 
lamp, we have: 








Pentane. Hener. Carcel. 
National Physical 





Laporarcry:.. et C,914. .0;Ge2 
Reichsanstalt... . ©O.917 56,001 
Laboratoire 

Centrale.) a... i 0.929 1.000 
Laboratoire 

CoB ssaisone a eu I 0.928 0.996 

TABLE: [1: 


COMPARISON AND CRITICISM OF THE THREE 
LAMPS AS STANDARDS OF LIGHT 


The measurements made at the National 
Physical Laboratory on the three principal 
flame standards now in use have given op- 
portunities for comparing them under 
working conditions and judging of their 
respective suitability as standards of light. 

As regards the Carcel lamp, it has not 
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been found that its constancy from day to 
day is comparable with that of either the 
Hefner or pentane lamps, its variations 
from the mean being as much as + or — 
three per cent. The reason for this can 
only be attributed to the difficulty in repro- 
ducing the same conditions of capillarity in 
the wicks used. Although all possible care 
was taken to produce the most favorable 
conditions of constancy the results were not 
satisfactory, and in the notes which follow 
the pentane and Hefner lamps only are con- 
sidered with reference to their suitability 
as light standards. 

General Construction.—The Hefner lamp, 
which is only one-eleventh the candle- 
power of the pentane lamp, is much simp- 
ler in general construction, small and more 
easily set up, and should be simpler to 
manufacture and adjust to standard di- 
mensions. 

Ease of Regulation and Working.—lt has 
been found in using the lamp that the flame 
of the 10-candle pentane standard is a great 
deal easier to adjust, and remains more 
constant while observations are being made 
than that of the amyl acetate lamp. 

The fact that the Hetner unit has a 
lambent flame, burning in free air, whereas 
the pentane standard is well shielded and, 
owing to its chimney, has a more stable 
flame, makes the latter practically inde- 
pendent of draughts which would render 
measurements with the Hefner lamp quite 
impossible. Although the flame of the 
Hefner lamp may be shielded, slight 
movements of the air cannot be avoided; 
these disturb the flame so that it only re- 
mains at its correct height for a few sec- 
onds together, rendering adjustment difh- 
cult and the taking of candle-power read- 
ings rather a tiring process. 

On the other hand, it is not safe to as- 
sume that, owing to the fact that the top 
of the flame of the pentane lamp is cut off, 
the latter may be allowed to vary appreci- 
ably in height. Variations of 3 mm. up or 
down, do not materially affect the candle- 
power, but for accurate work a second ob- 
server is required to see that the top of the 
flame is flat and to regulate it to the correct 
height. : 

Effect of Atmospheric Changes.—As re- 
gards changing humidity the two stan- 
dards are affected to nearly the same ex- 
tent, the Hefner lamp being slightly less 
influenced than the pentane lamp. The 
latter standard, however, is very much 
more sensitive to barometric variations than 
the Hefner unit, an inch change in pressure 
being equivalent to two per cent in candle- 
power. 

The Nature of the Light.—The pentane 
lamp has a whiter light than the Hefner 
unit, being much more nearly the same 
tint as the Carcel standard. 

The fact that its candle-power is eleven 
times that of the amyl acetate lamp makes 
it of the same order of magnitude as the 
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ordinary lights which are tested against it. 

These two factors, coupled with the 
greater ease of adjustment when making 
observations with the pentane lamp, greatly 
outweigh, in the author’s opinion, the dis- 
advantages of the more complicated con- 
struction and the larger correction that 
has to be applied for changes in baro- 
metric pressure. 





THE TEMPERATURE OF FLAMES 


By W. H. Y. WEBBER 
Delivered before the London and South- 
ern District Junior Gas Association, Jan. 


16, 1907. (Abstract from the Journal of 
Gas Lighting.) 
In his opening remarks, the speaker 


cautioned his hearers against wasting their 
money and time on old text-books, though 
he admitted that there was, of course, much 
that they must learn and have by them for 
reference which never grew out of date— 
such as arithmetic, mathematics, geometry, 
mensuration, and the tables of properties 
and constants appertaining thereto. But 
they should never buy encyclopedias or 
subscription books with tempting prospec- 
tuses, which were necessarily out of date 
before they were published. The newest 
of any text-books that they felt in need of, 
official publications, such as Blue-Books, 
the notifications of autnorities like the 
Metropolitan Gas Referees, the transactions 
of societies, and the technical press, would 
be found of greatest use to them. With 
even the latest and most expensive text- 
books, however, he pointed out that they 
must be prepared for the passing over of 
many things that they particularly wanted 
to know, and the stopping short of others 
precisely where the author’s criticism 
would become helpful. He cited the seven- 
teenth edition of Ganot’s work on Physics, 
dated 1906, and edited by Professor A. W. 
Reinold, as affording an instance of this; 
the calculation of flame temperature not 
. being dealt with there in the manner that 
a student buying an expensive text-book 
had-a right to expect. “Yet,” said Mr. 
Webber, “Professor Reinold must have 
known quite well that the question of the 
real temperature attainable by flaming com- 
bustion lies at the bottom of a large and 
highly important hody of technic. Metal- 
lurgists want to know what to expect from 
the gaseous fuels at their command. Manu- 
facturers of the harder kind of porcelain 
and glass goods need the information. The 
whole body of incandescent gaslight prac- 
tise depends upon the fact of high flame 
temperature. Lord Rayleigh, among 
others, pointed this out years ago. Yet 
the uninstructed, fumbling makers of this 
light, like Mr. A. W. Onslow, are fain to 
go on with their work in their own way, 
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without the smallest help or guidance from 
the magnates of science. 

Reference was then made to the re- 
searches of Professor Vivian B. Lewes and 
Professor Arthur Smithells. Mr. Webber 
remarked that Professor Lewes, in his lec- 
ture to the Institution of Gas Engineers 
on “Candles and Calories” in 1903, laid 
stress upon the fallaciousness of the idea 
that the temperature of the flame was 
governed by the calorific value of the gas. 
Professor Lewes stated that the tempera- 
ture of the flame produced by the com- 
bustion of the sample of gas depended (1) 
upon the time in which this volume of gas 
was consumed, (2) upon the area in which 
the combustion took place, and (3) upon 
the amount of air needed for completing 
the combustion, and the specific heats of 
the products of combustion of the flame 
and the residual nitrogen from the air, 
which in their escape removed heat from 
the flame. This “effect,” as it might be 
termed in philisophical language, of flame 
temperature, he concluded, was the impor- 
tant thing in incandescent gaslight pro- 
duction. ‘Professor Lewes,” continued Mr. 
Webber, “described certain experiments 
showing for blue water gas, purified from 
COs, with a calorific value of 325 B.Th.U. 
net, a light efficiency in the Welsbach ‘C’ 
burner of 19.38 candles per cubic foot 
hourly consumption at 13-1oths pressure. 
The illuminating power of the light in this 
case was 158 candles for a consumption of 
8.15 cubic feet per hour. Observe here the 
satisfaction of all the conditions previously 
laid down by Professor Lewes as governing 
flame temperature. We start with a par- 
ticular size of substance to be heated by the 
flame—to wit, a ‘C’ mantle. If this mantle 
were heated as in the ordinary way by a 
flame of mixed town gas and air, the form- 
er having a calorific power of 540 B.Th.U., 
or thereabouts, and burned at the rate of 
four cubic feet per hour, which would just 
about fill it, the same average duty per cubic 
foot of gas might be expected—meaning, 
that the mantle would be at approximately 
the same temperature. The amount of air 
required for complete combustion would 
be nearly double. The high temperature 
attained by the water gas is therefore due 
to the comparatively smaller size of its 
flame. Professor Lewes puts the flame 
temperature of coal gas here at about 1660° 
C. (which is low); and quotes Blass for a 
water-gas flame temperature of 1775° C. It 
was also shown that a temperature suf- 
ficiently high to yield a brilliant light at 
20-10ths pressure can be attained, by care- 
ful air regulation, with an exceptionally 
good quality of producer gas of 184 B.Th.U. 
net calorific powder. But meanwhile 
others had been busy upon the problem of 
the connection between the calorific power 


1068 


of gases and their value for the production 
of incandescent light by the Welsbach 
mantle. Dr. Bunte, Dr. Colman; Mr. F. D. 
Marshall, and others, independently hit 
upon the same guiding principle—that with- 
in the ordinary range of differences in the 
calorific value of town gas, of various 
makes, the duty obtainable from the gas 
and a mantle is about the same—adjust- 
ment of the air supply being understood. 
Mr. W. R. Herring has also carried the 
same discovery to conclusive demonstra- 
tion.” 

Coming to Prof. Smithells’ work, the lec- 
turer referred to his address in 1905 to 
the Institution of Gas Engineers, on “The 
Temperature of Flames,” in which was ex- 
plained why the classical rule for calculat- 
ing flame temperatures had not correspon- 
dence with the facts. Professor Smithells 
described how Bunsen made a shot at the 
problem, with results far from correct; and 
he proceeded to explain the phenomenon 
of dissociation, and most instructively indi- 
cated the part played by it all in making 
mixed flames as thick as they were. That 
was to say, as he (Mr. Webber) under- 
stood him, it was due to the deferred com- 
bustion effect of dissociation that the flame 
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of a Kern or a Mecker burner was not a 
mere filmy appearance at the zone of igni- 
tion, as would be the case if the mixed 
gases could burn all at once at the initial 
temperature of their combustion. Profes- 
sor Smithells thought that flame tempera- 
ture calculation could be carried out, but 
did not offer any examples; and the broad 
result of all the study he (Mr. Webber) 
had been able to devote to the problem 
was that he could not ascertain from its 
composition what degree of elevation of 
temperature to expect from the burning of 
a particular sample of combustible gas or 
mixture of gases, while on all sides he 
heard complaint of the want of this infor- 
mation. 

By means of fine strips of wire, and 
some Bunsen burners which were fitted up 
in the room, the lecturer next demonstrated 
the fact that the temperature of flames 
varied greatly in different parts; and he 
also quoted figures on this point. Taking 
a common laboratory Bunsen flame, with 
an air adjustment, enabling the inner cone 
to be varied from the blue tint of under- 
aeration to the green of approaching back- 
lighting, Professor Lewes gave the follow- 
ing as the measured flame temperatures: 
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Pointing out that the hottest part of the 
flame in ordinary Bunsen burners was in 
the solid region over the inner cone, while 
the Mecker flame was solid, and hottest 
at the bottom, Mr. Webber said this went 
to support the “dissociation” explanation. 
He remarked that other observers gave 
different maxima for these Bunsen flame 
temperatures, and then proceeded to con- 
sider the question of the temperature of a 
mantle as compared with that of the flame 
in which it was plunged. Assuming that 
the mantle possessed a sensibly greater 
heat than the gas flame, he asked whether 
this was due to the catalytic action of the 
mantle (as Professor Lewes once thought), 
or whether it was caused by the purely 
mechanical effect of the meshes of the 


mantle in completing the mixture of air 
and gas, presenting the mixture from in- 
side to the rapid action of the outside or 
secondary air in such a fine state of division 
as to secure the best possible final combina- 
tion. He himself believed there was much 
in the latter explanation, and that those 
who studied inverted incandescent lights 
and their activating Bunsen flames would 
agree that the mantle did something else 
besides glowing. Returning to the lecture 
of Professor Smithells, Mr. Webber re- 
marked that one of the valuable observa- 
tions contained in it concerned the relation- 
ship between flame volume and flame tem- 
perature. With gas burning at a fixed rate, 
the smaller the volume of the flame, the 
higher must be its temperature. Professor 
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Smithells explained that the way to get a 
small flame was to have it mixed primarily 


with the largest possible portion of the air . 


it required for its combustion. This effect, 
said Mr. Webber, was strikingly exempli- 
fied by the Mecker burner. The Kern 
burner also exhibited compression of the 
flame; while its formation was specially 
moulded to the object for which it was 
made. The Bray and Sugg mantle-burners 
were designed somewhat on the same lines. 
Professor Harold B. Dixon pointed in the 
same direction in 1904, when he said that 
“the burning of a highly explosive gas mix- 
ture is one of the best means of developing 
light from gas;” the light-giving power, of 
course, being synonymous with high-flame 
temperature. 

Continuing on this branch of his subject, 
the lecturer remarked: The question of 
getting as much primary air as possible 
into the burning mixture was worked at by 
the late Mr. Frank Livesey, and by Mr. 
Walter Grafton, your ex-President, and it 
underlies the “Selas” system of intensified 
lighting. In point of fact, what all the 
high-pressure incandescent. gas lighting 
systems now before the world do, is noth- 
ing more or less than make the best mix- 
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ture of gas and air possible, and drive the 
flame through the mantle at a high velocity. 
There is no actual pressure within the 
mantle; the pressure of the gas in the pipes 
being translated by the injector into ve- 
locity. This means, according to Professor 
Lewes’s formula, burning more gas in the 
time and space, which is one way of rais- 
ing the flame ternperature, and so produc- 
ing more brilliant incandesecnce. The de- 
gree of elevation of temperature attainable 
by this method depends upon several fac- 
tors. How far the pace can be profitably 
forced, having regard to economical con- 
siderations, is another question again. Some 
tell us that, in the general way, an intensity 
of incandescence corresponding to a supply 
pressure of from fifteen to seventeen inches 
of water is enough. Other practitioners 
prefer to work at fifty-four inches pres- 
sure, which means double-wove mantles. 
So far as I know, this is the maximum for 
lighting burners. Mr. Onslow has kindly 
made, at my request, some comparative ob- 
servations by means of the Féry pyrometer, 
of the temperature of incandescent mantles. 
From these, it appears that, as might be 
expected, the thermal radiation rises with 
the luminous intensity. 








RADIANT TEMPERATURE OF INCANDESCENT GAs-MANTLES, IN DEGREES CENTIGRAD 


“C”’ Burner with Chimney giving 60-candle-power. 
[Length of Mantle from Loop to Burner, 34 Inches 


Same Mantle without Chimney 
so-Candle-Power 


Temperature at the top IS ONUOTEOO sn . ccsuen as 560 
ey Tea nehes trOmNtie tOp, 400%... 2: - 560 

i oy a a Se AU OR rican Skee 610 

28 ‘ is SO, Sms 570 

34 WOO Wot ees 520 


600-Candle-power High Pressure Burner. 
Pressure Gas-Mantle with no Glass Protection. 
[Length of Mantle from Loop to Burner, 4? Inches. ] 


Temperature at top of mantle DS One ro 
a T daches from the top, 735... - 
ae Oh een Se RAO ss nee 
ee se 

Aa 755: 


High- 


Same Mantle under Different 
Illuminating Power 





High-Pressure 1000-Candle-Power Burner. 
[Length of mantle, 554 inches from loopto burner.] 


ro0o0o-Candle Power. 


Temperature at top of mantle 710....... 
‘ 


14 inches from top, 720..... 
ne te a WRO doa. 


onlen bola 


43 FDS oe 
S 


Bro home “ 1 XCF ORT 


goo-Candle- 400-Candle- 

power. power. 

700 675 

705 680 

710 685 

720 690 

Se. 193 

500 Candle-power. 
5 Mins. 

First after First 800 
Test: Test. Cues 
oe 690 690 690 
: 710 690 695 
ae 720 700 790 
ma 720 FOG 705 
ae 705 700 700 
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High-Pressure 250-Candle-Power Burner. 


[Length of mantle, 3! inches.] 


265-Candle-power. 


Temperature at top of mantle, O20 ede eons 
- TinchsfromstopewO7 One. eee 


i 2 inches 5 63. Ossett 
66 a 66 Ss 
‘ i se. ts Oa rs ator peas 
39 O50". 


The uniformity of the  1,000-candle- 
power mantle temperature may be due to 
the mantle tapering from the bottom to a 
narrow neck; whereas the 600-candle- 
power mantle is almost the same diameter 
throughout the length from 434 inches to 
within 1 inch of the top. This looks as if 
the two radiations, thermal and luminous, 
in the case of all the high-pressure mantles 
are of about the same proportions; the 
greater illuminating powers being due to the 
larger mantles of the more powerful burn- 
ers. But the difference of the proportion- 
ate thermal radiation between the Wels- 
bach “C” mantle and the intensified mantles 
is marked. I draw your attention to the 
remarkable fact that, though the local 
temperature at the mantles in these burn- 
ers is higher than the melting point of 
platinum, which is 1775° C., the pyrometer 
only finds a temperature inferior to this by 
about 1100°C. This circumstance alone 
warns us that the measurement of flame 
temperature is not a simple task. 

But this is not the whole of the story. 
Indeed, it is but a preface to the volume 
that has yet to be written upon the enthral- 
ling subject of the practical working aspect 
of flame temperature. ‘1he intensity of 
flame temperature may not be easily ascer- 
tainable by the classical method of calcula- 
tion from the calorific value and the weight 
and specific heat of the combustion pro- 
ducts, or by actual measurements; but it is 
very greatly affected by the proportion of 
incombustibles intruded upon it. The pres- 
ence of nitrogen cannot be helped if we 
must burn our gas with air; but if oxygen 
were cheap enough, as Professor Dixon 
has remarked, it would be easy to increase 
the temperature of the flame by 500° or 
600° Fahr.; and as radiation increases as 
the fourth power of the absolute tempera- 
ture, the light duty of the same mantles 
that are now in use would probably be 
raised to 100 candles or more per cubic 
foot. On the other hand, admixture of an 
impurity having a high specific heat, as 
CO, is fatal to the attainment of the high- 
est temperatures. 


250-Candle-power. 


‘First After 200 
Test. 5.Min. Cok 
630 630 610 
630 630 610 
630 630 610 
650 645 620 
645 635 625 


Another important conclusion to be drawn 
from this survey of the means of produc- 
ing high-flame temperatures is that of the 
futility of the regenerative principle for 
this purpose. The effect of heating a gas 
is to dilate it, which is tantamount to dilut- 
ing it. In the case of the Siemens type 
of regenerative burners, which worked at 
very low pressure, and had a luminous 
flame, the increased radiation due to rais- 
ing the temperature was accompanied by 
extension of the radiating area of the flame. 
This is impossible with an incandescent 
mantle, which is of fixed dimensions; so 
that if the supply of gas and air is ren- 
dered bulkier by preliminary heating, re- 
generative or otherwise, the effect of the 
mixture in passing through the meshes of 
the mantle must be so much weaker that 
any possible gain by one way is more than 
neutralized by the loss on the other. In- 
deed, in the interest of concentrated action 
on the mantle, it would pe better to con- 
dense the air and gas by cooling, than 
expand them by heating. 

Mr. Webber concluded his lecture with a 
few remarks on the question of flame tem- 
peratures as applied to heating by gaseous 
fuel. He said that the next resource to 
the weak and uncertain producer gas was 
plain water gas, which, though its flame 
temperature was high, was troublesome to 
make and dangerous to distribute. There 
remained, therefore, ordinary town gas, as 
the gaseous fuel of unexceptionable utility 
for most industrial purposes demanding an 
intense, rapid, and localized heat. For this 
use a higher gas pressure than anything 
employed for lighting was found advan- 
tageous. Coal gas averaging about 540 
B.Th.U. net calorific power, with a fire- 
brick lined cupola-shaped furnace, worked 
wonders, for instance, in rapid steel anneal- 
ing at a pressure going up to I00 inches. 
This was a matter of flame temperature 
—which, however, had not yet been meas- 
ured. Consequently, no man knew pre- 
cisely, or even approximately, what town 
gas would ultimately do for the service of 
man. 
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OUTLINE LIGHTING 


By Homer HonNEYWELL. : 
Read before the Northwestern Electric 
Light Association. 


The Lincoln Gas and Electric Light Com- 


‘pany organized a new business depart- 
ment with a competent manager at its head, 
about the first of February, 1904, and start- 
ed out with well defined ideas as to the 
desirable classes of business and the effects 
on the station load. It was the aim to take 
on a steady load that would run from 
dusk until midnight each and every night 
during the year, and to that end a flat rate 
was figured out based on the Doherty rate 
of $1.80 per year for each connected 16- 
candle-power lamp, or its equivalent; $12.00 
per year for a customer charge and 6 cents 
per k.-w.-hour for energy used, all subject 
to a discount of 10 per cent for prompt 
payment, and on the actual number of 
burning hours as applied to Lincoln. 

No flat rates are taken on inside light- 
ing. We have free renewals and do it 
whenever our men see a defective lamp in 
use. 

The outlining is installed free when two- 
year contracts are taken and the cost of in- 
stallation figures about thirty-eight cents 
per 4-candle-power lamp installed, the 
lamps being spaced eighteen inches apart. 
By this method a number of small stores 
were induced to light up. The small mer- 
chant with a strip of seventeen 4-candle- 
power lamps over his sfgn burning each 
and every night from dusk until midnight. 
turned on and off by us, pays $5.30 net per 
month. At the present time there are in 
use the equivalent of 10,000 4-candle-power 
lamps, for sign, outlining and window light- 
ing, and used bv barbers, shoemakers, liv- 
ery stables, undertakers, second-hand stores, 
bootblack stands, butcher shops, lunch cars 
and popcorn stands; in fact, all kinds of 
business. No business is too peculiar or 
small to be a “prospect.” We have one cus- 
tomer, a clothing store, whose sign, outlin- 
ing and window lighting, amounts to 960 
4-candle-power lamps. This was the first 
customer to get in the game and we have 
used him as a pacemaker. 


In soliciting we are always careful to im- 
press on the propect’s mind that the outside 


and window dislay is an advertising and 


not a lighting expense. 


Solicitors are paid a small salary and a 
percentage of the increase in gross revenue 
over the same month for the previous year. 
Each solicitor’s commission depends on the 
number of points he has in proportion to 
the total number turned in and points are 
given for each dollar of estimated revenue, 
as follows: Industrial business, ten points; 
additional inside consumption, ten points; 
new contracts, five points; outlining or 
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signs until 12:00 o’clock, ten points; out- 
lining or signs less than 12:00 o’clock, five 
points; outlining or signs on meter, three 
points. 

If the business is taken from the compe- 
tition the points are doubled. Each man is 
responsible for his own territory and is 
keen to hold business as well as to get new 
business. 

Personal solicitation, newspapers, mail 
advertising and personal letters are used 
and the cost of getting business to the com- 
pany for the past three years has been 43 
cents for each dollar of increased revenue 


procured. The costs are divided as fol- 
lows: 
INAVETUSING | sees corns #3 eta 05 
Gonsteuction.-.4 eae ee cate 15.05 
SOlMcitaony 2 seen oo 22.05 


Of the advertising done at the start I be- 
lieve the mail advertising was the most 
valuable. It was done on a fairly large 
scale and in a way that was new to a great 
many people. The first week one letter or 
card was sent out, the next week two, and 
so on until the prospect received a letter 
or card every day. The mail advertising 
helped put the prospect in a_ receptive 
mood and the solicitor was able to close 
quickly. The combination of mail adver- 
tising and personal solicitation is a strong 
combination. 

The effect on the station has been gratify- 
ing. The increase in peak load has been 
twenty-three per cent., while the sales have 
increased sixty per cent. The sale of signs 
was not pushed particularly until we had 
made considerable headway in the other 
forms of lighting. At the present time we 
have forty-eight lamp-lettered signs in use, 
all of them bought outright from the local 
sign builder. The reason for installing free 
outlining on- two-year contracts, and not 
installing free signs is apparent. The out- 
lining can be taken down, be repainted and 
put up again anywhere at a very small 
cost, while a sign to be used again would 
have to be remodeled at a considerable ex- 
pense. Then, too, the first investment for 
a sign is considerable, and if the merchant 
is not required to carry the investment he 
feels more free to discontinue the use of 
the light. During the past three years we 
have not had over five or six outlining con- 
tracts discontinued, where the merchant re- 
mained in business, but on the other hand 
most customers have increased their dis- 


plav. 

There are in use 8,500 4-candle-power 
lamps for sign, outlining and sidewalk 
showcases. All these are on a flat rate. 


For window lighting, 900 16-candle-power 
lamps are used. Outlined roof signs also 
seem to be a popular and cheap method of 
advertising. 
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Review of the Technical Press 





AMERICAN ITEMS 


“Care Lighting; Sby Kho Celay lor, 
Street Railway Journal, February 2, 
1907. 

The general subject of car lighting 
is treated under the following head- 
ings: Headlight Requirements; Tail 
and Classification Lamps; Lighting 
the Interior; Arrangement of Cir- 
cuits; Power Required; Resistance 
and Regulation; Use of the Compres- 
sor Motor; New Lamps. 

On the subject of interior lighting, 
the writer gives the following interest- 
ing information: 

“The fact that out of nine interurban 
lines. running into Indianapolis, the interior 
lighting arrangements vary from twenty 
lights to sixty-five lights per car seems to 
indicate that there is still room for dis- 
cussion on the best method of electric car 
lighting. The performance of these lights 
on the road and the quantity of light given 
out seem to indicate that there may be 
room. to advocate some improvement in 
their arrangements.” 

Under the subject of new lamps, he 
makes the following general deduc- 
tions: 

“Given, therefore, a high efficiency lamp 
that may be made in small units, offering 
unlimited opportunities of correct distribu- 
tion, and a constant potential on the light- 
ing circuit, the proper illumination of a 
luxurious interurban car becomes a very 
easy problem for the engineer. Whether 
the high-efficiency incandescent lamp or a 
specially designed arc be employed in the 
illumination of a modern interurban car, 
they should be surrounded with a frosted 
or opalescent globe backed up with reflec- 
tors against a white background, giving a 
soft, pleasant diffusion of the light in all 
parts of the car interior.” 


‘Gar, lighting: «by oiee ken Giaveth 
and V. R. Landsingh, Electrical 
World, February 2, 1907. 

Illustrated by two half-tone cuts, 
showing the interior of a private elec- 
tric car, and dining car of the usual 
type used on steam railways. The 
article is principally devoted to a dis- 
cussion of the forms of lighting 


shown, particular attention being giv- 
en to the weak points. 

Gas Logic, a monthly magazine 
of enlightenment and progress; edited 
by Robt. E. Livingston. 

We have already made mention of 
this really unique and admirable peri- 
odical, but a further perusal of its 
monthly use impels us to again bring 
it to the attention of cur teaderc: 
While its ultimate purpose is to pro- 
mote the commercial interests of the 
companies supplying gas to Greater 
New York, the little magazine is so 
exquisitely gotten up, the entire con- 
tents so fresh and interesting, and ab- 
solutely free from any of the taint or 
ear-marks of advertising as to place it 
in avclass bysitseli: 

Copies are cheerfully sent to anyone 
sending a request accompanied by a 
2c. stamp, to Circulating Department, 
Gas Logic, 1 Madison Ave., New 
York ity. 

The contents of the February issue 
will give a fair idea of the range of 


matter which it covers. 
The Lost Range. 
Odd Corners where the “Slot” Meter is. 
Found. 
The Hostage. 
How Light is Measured. 
Birth of an Annual Show. 
Home Entertainments. 
Kitchen Magic. 
Editors? Chat 
Prize Puzzle Picture. 
Questions and Answers. 


MUNICIPAL LIGHTING IN CLEVE- 
LAND 


Municipal Journal and Engineer, Feb. 6, 
1907. 


The following information concerning 
the municipally-controlled lighting plant of 
Cleveland, Ohio, has been furnished by Mr. 
W. J. Springborn, director of the Board of 
Public Service. No allowance has been 
made in the figures for depreciation, but 
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the addition to the cost given for the years 
1904, ’05 and ’o6 of an amount ample to 
provide for this would still seem to show 
that the cost of service is lower than that 
previously paid. An interesting point is 
the reduction in cost of lighting and ex- 
tinguishing lamps by the employment of 
students for this purpose. 

During the four years, from 1900 to 1903, 
inclusive, all of the lamps in Cleveland 
were cared for by private contract. In the 
year 1904 the city undertook the. care of 
all gas lamps paying the gas companies 75 
cents per thousand cubic feet of gas con- 
sumed. Since that time it has been caring 
for all of these, and also what vapor lamps 
are still in service. The electric arc lamps, 
however, it still contracts for. The price 
of the last in 1903 was $75.00 per month; 
in 1906 a reduction had been made to 
$69.22 per lamp. The largest reduction in 


cost, however, is directly traceable to the © 


saving in cost of maintaining the gas and 
vapor lamps. 

The city uses what is known as the 
Welsbach incandescent burner of about 
55-candle-power, for which it formerly 
paid the gas companies $22.00 per year per 
lamp. Under municipal control they have 
cost as follows: 1904, $12.56; 1905, $13.44; 
1906, $13.17. During the last year the 
division of cost was: For gas consumed, 
$6.43; for maintenance, including every 
item of expense for supplies, extinguishing, 
leentinie, etc, 0:74 ;.a- total of $13:17. 

About one hundred and_ seventy-eight 
boys are employed to light and extinguish 
the lamps. These are paid $18.00 per 
month, and about 90 per cent of them are 
young men attending high schools or col- 
leges. _Many of them would not be able 
to go to school were it not for the money 
earned in this way. 

The vapor lamps formerly cost the city 
$23.85. Under municipal control the cost 
has been reduced to $18.61 per lamp per 
year. The following table will show the 
total amount of money spent for street 
lighting and the cost per Iamp per year, 
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including the electric arc lights, which are 
still furnished under contract: 


Total 

‘Number Average 
Total Dis- of Lamps Cost per 

Year bursements inService Lamp 
1900 $238,617.85 8,425 $28.32 
IQOl 259,227.90 9,163 28.29 
1902 239,039.56 9,431 25.34 
1903 291,040: 35 9,631 28,20 
1904 286,530.59 I 2,096 21.34 
1905 266,208.10 127830 1830 
1906 269,819.63 I 3,030 18.35 





From the above it will be seen that there 
Was)a feduction of Only.’ 12°. cents, “per 
lamp per year during the four years when 
the work was done under the contract plan, 
while there is a reduction of $7.50 between 
the years 1903 and 1906. In addition to 
this saving on each lamp for the last three 
years, the city has also accumulated proper- 
ty consisting of lamps, supplies, equip- 
ment—such as horses, wagons, ladders and 
tools of all kinds—amounting to $80,609.51, 
all of which was paid out of the disburse- 
ments above given, and by distributing this 
over the years 1904, ’05 and ‘06 it would 
amount to a still further reduction of $2.35 
per lamp. Thus municipal ownership has 
practically effected a saving of $9.85 on 
each lamp during the period referred to. 

It will also be noted that the number of 
lamps in service has been increased from 
8,425 in 1900 to 13,030 in 1906, this being 
an increase of 55 per cent. The popula- 
tion of Cleveland in I900 was 381,000, and 
in 1906 estimated at 465,000, which would 
be an increase of but 22 per cent, thus 
showing that the service under municipal 
control has not been retarded. The cost 
of maintaining lamps during the same 
period has been reduced 40% per cent. 
The figures above given, however, do not 
include interest on the investment. This 
would, of course, make some slight differ- 


Ence: 
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FOREIGN ITEMS 


STANDARD SPECIFICATIONS FOR 
INCANDESCENT LAMPS 


The Engineering Standards Committee 
has issued a standard specification for in- 
candescent electric lamps. ‘This specifica- 
tion is the work of the sub-committee on 
physical standards under the chairmanship 
of Dr. R. T. Glazebrook. The commit- 
tee included Commander H. W. Richmond, 
RIN., and Mr CoH? Wordinehaar yrepre- 
senting the Admiralty; Colonel H. C. L. 
HoldensR-A.} Captaing A lS Dumaresa 
R.E. (retired January 31, 1906), and Cap- 
tains O2 benricia Rabe tepresentine tie 
War -Ofhce" Mr, > Martin: iF.) “Roberts? 
representing the General Post Office; 
Mire Ga Ds Waites and Nir eGeorae 
Wilkinson, nominated by the  Incor- 
porated Municipal [Electrical Associ- 
ations) Colonel) kee Heb. Crompton... Cob, 
Captame H.-R. Sankey, RUE. (retired) and 
Mr. A. F. Berry. Mr. Leslie S. Robertson, 
M.UG.E,., dias acted as secretary, «and Mr. 
C. Le Maistre, A.M.E.E., as electrical as- 
sistant secretary. 

The question of standardizing carbon- 
filament glow lamps was referred to this 
sub-committee in June, 1905. The _ sub- 
committee have had the assistance of official 
representatives of the Incorporated Munici- 
pal Electrical Association, and also of some 
of the members of the sub-committee on 
generators, motors, and transformers. At 
the commencement of their labors the 
sub-committee through the courtesy of the 
mantifacturers, obtained particulars: as to 
the tests with which they were able to 
comply, and a conference was convened in 
November, 1905, upon the results of which 
a preliminary specification was drafted. A 
second conference was held in April, 1906, 
at which the draft specification was dis- 
cussed. At this meeting the manufacturers 
desired considerable alterations in the 
specification, and a small sub-committee, 
consisting of Mr. I. W. Howell, Mr. E. A. 
Gimingham, and Mr. C. Wilson, was ap- 
pointed by the conference of British glow 
lamp manufacturers (Mr. T. J. Grainger, 
chairman) to confer with the sub-commit- 
tee, and the specification now issued is the 
result of this cooperation. At the request 
of the manufacturers, the sub-committee 
desire to suggest that this specification 
should not come into general use before 
July, 1907. The sub-committee express 
their appreciation of the valuable ser- 
vices rendered by the manufacturers’ sub- 
committee. 

The specification, which is the outcome 
of a great deal of work, contains technical 


provisions only such as can be well in- 
corporated in a commercial contract. The 
standard of light adopted is the 10-candle- 
power Vernon Harcourt pentane lamp at 
the National Physical waboratory. Second- 
ary standards for the tests described will 
be suitable carbon-filament glow lamps 
certified to be in accordance with the 
standard. The gauges for determining the 
dimensions of the lamp cap are fully de- 
scribed in the specification, and standard 
gauges for this purpose are in the custody 
of the. National _ Physical, Laboratory. 
Limit gauges certified to be in accordance 
with these will be issued. In the specifica- 
tion, the useful life of a carbon-filament 
glow lamp is defined as the time taken for 
the mean horizontal candle-power of the 
lamp to drop twenty per cent from its 
standard value when run under standard 
conditions. | | 

The efficiency of a lamp is defined as the 
number of watts the lamp dissipates per 
mean horizontal candle-power. Lamps‘ of 
8, 12, 16, 25, and 32 mean horizontal candle- 
power are standardized for the pressures of 
110 and 220 volts. They are divided into 
two classes, having a useful life respectively 
of 400 and 800 hours. All lamps are to be 


‘marked with the standard mean horizontal 


candle-power, the voltage for which they 
are supplied, and a reference letter which 
denotes the efficiency of the lamp. Of 
course, the trade mark of the manufacturer 
will also appear. The specification then 
goes into the tests to which lamps shall 
be subjected. These are classified under 
seven different headings, as follows: (1) 


Size, workmanship, and uniformity of 
shape (mechanical defects); (2) insula- 
tion; (3) vacuum; (4) initial candle- 
power; (5) watts per mean _ horizontal 
candle-power; (6) total watts; (7) life 
tests. 


The tests will be taken on at least five 
per cent of the lamps in the consignment, 
and the failure of one-tenth of the lamps 
to pass under the first three headings will 
result in a further trial of five per cent 
from the consignment. If one-tenth of 
these fail to pass, the whole consignment 
will be liable for rejection. 

The tests for mechanical defects are 
designed to reveal loose caps and other 
defects in capping or mounting, lack of 
continuity in circuit, discolored bulbs, and 
spotted filaments. For evenness of fila- 
ment the lamps will be tested by being 
subjected to approximately forty per cent 
of their standard pressure, and’ viewed in 
this condition. 

The general form and size of the cap will 
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be tested by limit gauges. The insulation 
resistance between cap and filament taken 
at the manufacturers’ works must not be 
less than 1,000 megohms. The vacuum 
trials will be made at the manufacturers’ 
works, and the details of this are not speci- 
fied. The lamps which have passed the 
initial trials will be tested for their candle- 
power, efficiency, and total watts. If ninety 
per cent of the selected samples’ do not 
come within the individual limits in the 
annexed tables, and the average fall within 
the average limits, the whole batch will be 
liable to rejection. The following are ap- 
proximately the limits allowed in the 
tables: mean horizontal candle-power—in- 
dividual limits, twelve and one-half per 
cent; saverage: limits, eight per cent; 
total watts—individual limits, eight per 
cent, average limits, five per cent; watts 
per mean horizontal candle-power limits, 
sixteen per cent. 

The specified test for useful life pro- 
vides that not less than five per cent (nev- 
er less than five lamps) of those lamps 
tested shall be selected for testing for 
maintenance of candle-power, those lamps 
being chosen which most nearly approach 
the standard in the mean _ horizontal 
candle-power and total watts given in the 
annexed tables A, B, C, D, columns four 
and six. These lamps shall be run on a 
circuit in which the excess of pressure dur- 
ing the test does not exceed one-half per 
cent. The axis of the lamp during this 
test shall be inclined at an angle to the 
vertical not exceeding forty-five degrees. 
The pressure on each lamp shall be so ad- 
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justed that, at the commencement of the 
test, the lamp is burning at its standard 
efficiency. The test shall be at an end 
when the mean horizontal candle-power 
shall have dropped twenty per cent from 
its standard value. 

Measurements of mean horizontal candle- 
power and current shall be taken at inter- 
vals of not more than 100 hours during 
useful life. The first measurement to be 
taken at the end of approximately fifty 
hours in order to determine the point of 
maximum candle-power. The result shall 
be plotted in such a manner that the aver- 
age total candle-power hour area during 
useful life may be computed. ‘This shall 
not include any area which is cut off by a 
line six and one-quarter per cent above © 
the standard candle-power. The average 
total candle-power hours during useful life 
shall not be less than ninety per cent of 
the standard figures, otherwise the entire 
batch from which the lamps have been 
selected shall be liable to rejection: The 
ratio of mean spherical candle-power to 


mean horizontal candle-power shall not be 


less than 0.8, and in computing the mean 
spherical candle-power the light cut off by 
the cap shall not be included. Lamps 
burning at a higher efficiency than given in 
the annexed tables may be accepted as 
standard, but in this case the limits of vari- 
ation in efficiency and total watts shall be 
the same percentage as those given above, 
and on life tests the lamps shall be run at 
their nominal rated efficiency. 

In an appendix to the specification the 
following maximum dimensions are recom- 





Standard Rating 


Individual Limits 


Average Limits 


Watts 
Candle Hrs per 
Watts Area at oo Bulle (Baler 
M.H.C.P per Total Standard Candle Power Total WattsCandle Power Total Watts Limits 
NMEEEC KR? Watts Efficiency 
[ett OM OlNSaeeAoos OURS BUSH HU laa bEE. 

8 3-25 26.0 2900 7-9 23 .4-28 .6 TABOO 2A .2—27 .8 PD p=} ate» 
T2 3.20 38.4 4350 TO.5—13 .5 BA SON II .O—-I3 .0 35 7-41 -T 2 .6—3 .8 
16 6 GINS 49.6 5800 14 —18 45 .6-53.-7 14.7-17.3  47.I-52.1 2.6-3.6. 
25 3.15 OTA gIoo 22 —28 72.4—-85 .0 23 .0—-27:0 74.882 .8 BC=3 « 
32 Syeat ky 100.8 I1600 28 —36 92 .8-108.8  2625—34).5 Q@5 8-105 -9 2.6-3 .6 

B. 220 VOLTS. 4oo HOURS USEFUL LIFE 

8 3.90 BE Aes 2900 7-9 28.I— 34.3  7.4- 8.6 29.1- 33.3 3.2-4.6 
12 3.80 45 .6 A350 LORS — 03 25 ATi 15 On ke | Liv i— 12.0 ACA Aono 345 
16 3-70 59.2 5800 14 -18 SAWS — Ot OmnT AT Selim) 5 Ola 3 O2 ral Bh oth Val og} 
25 3-80 95.0 gIoo 2225 $7 .4-102.60 23 .3-206.8 9° .3- 99.7 Bee Ane 
32 3.80 P2746 I1600 28 -—36 TIEN SO HUBIU GG AO asHa Blo Gh wap Oey 22 AA) 

C. xz10o VOLTS. 800 HOURS USEFUL LIFE 

8 2 9S Be) (6 5800 © 25. — 133 7.4-— 8.6 My) i OLB 3.1-4.4 
12 3.60 Aaw2, 8700 OVS ail 31015) Res GO AUP a) ual HE AA GO) A401 2— 407.2 S$} Ooo 
16 3.50 56.0 11600 14 —18 51.5— 60.5 14.75-17.25 53-2- 58.8  3.0-4.0 
25 3.60 go .0 18200 22 —28 Soon O 7m 23 .2—26.8 85.5) 94.5 32.1I-4.1 
32 3.60 Talese2 23200 28 ~=36 TOOKO—024. 420). 5—3415) kOO)|.5-120..0 BeAr 

D. 220. VOLTS. 800 HOURS USEFUL LIFE 

8 4.50 36.0 5800. 7-9 32.4- 29.6 7.4- 8.6 33.5- 38.5 3.7-5.3 
12 4520 50.4 8700 LO Sates) 45.4 85-4 Ta I1280 | 40.0- 53°90 (35 —4-9 
16 4.10 65.6 II600 -14 ~-—18 60.4- 70.8. 14.75-17.25 62.4— 68.8 2.5-4.7 
25 4.25 106 ,2 18200 22 —28 OM sl LAN (23-652 Oe LOO-O-1IT 35 BTA. 
32 4.25 136.0 23200 28: - —36 125 .2-146.8 20.5-34.5 129.2-142.8 310-4120 


*A variation in these Standard Voltages of + 10 % is permitted, as stated in the Committee’s Report 


No. 17, published in July, 1904. 
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mended: for lamps’ up to 16-candle-power 
—over-all length, 43g in.; diameter, 23% 
in.; for lamps of 25- and 32-candle-power 
—over-all length, 5 in.; diameter, 25% in. 
The surfaces for contacts should not be 
less than 4.45 in. long or more than 0.20 in. 
wide. 

Where lamps are tested for maintenance 
of mean horizontal candle-power at con- 
stant pressure instead of for standard eff- 
ciency, the ‘standard to be adopted is 
seventy-five per cent of the average useful 
life and candle-power hours. Thus the 
standard useful life of lamps so tested will 
be 300 and 600 hours respectively for the 
two grades. The full specification can be 
purchased from the Engineering Standards 
Committee, the published price being 5s. 


THE ZIRCON-WOLFRAM METAL- 
LIC-FILAMENT LAMP | 


From The Electrician (London), Jan. 18, 
1907. 

Last week, after the reading of Mr. 
Swinburne’s paper .at the Institution of 
Electrical Engineers, much interest was 
taken in the exhibition of a metallic-fila- 
ment lamp, known as the Zircon-Wolfram 
lamp, suitable for pressures of 200 to 220 
volts, as hitherto it has been imposible to 
get a metallic-flament lamp suitable for 
high pressures. 

It appears that this lamp in the invention 
of Dr. Zernig, of Berlin, who has been 
working at the subject for some years. 
The filament was originally made of zir- 
conia mixed with carbon. This gave a high 
efficiency filament, but only suitable for 
low pressures. Subsequently tungsten was 
introduced. As to the exact process used, 
it is difficult to obtain any exact informa- 
tion, but it appears that it depends upon 
utilizing hydrogenous combinations of 
metals. Nitrogenous combinations have 
also been used, but they are Yess suitable as 
higher temperatures have to be used in 
the chemical operations. Hydrogenous com- 
binations seem to have been first used by 
Winckler, but only to a slight extent. The 
material that is obtained is in such a form 
that the filaments can be made by a process 
of squirting, which, of course, is a very 
great advantage, as it is probably owing to 
this that low candle-power lamps can be 
made. Lamps are at present made for 16 
candles on 100 volts, or 32 candles on 200 
volts. 

The introduction of tungsten into this 
particular lamp has enabled an extraordin- 
ary rapid advance to be made in the pres- 
sure at which it will run. Thus, although 
the pressure was only 37 volts rather more 
than a year ago, this pressure has now 
been raised to 220 volts. The advantage in 
being able to adhere to the simple squirting 
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process is seen not only in low candle- 
power but also in the cost of manufacture. 
which is said.mot to exceed: that of) the 
manufacture of carbon-filament lamps by 
more than Id. per lamp. This, of course, 
does not mean that these lamps will be put 
upon the market at practically the same 
price as the carbon lamp, but it is pro- 
posed to sell them at 2s. 6d. to 3s. each, 
which cannot be regarded as excessive for 
a high efficiency lamp. 

As to the results obtained, the lamp has 
been found to run equally well on alternat- 
ing as on direct current. It ts not fragile, 
and the efficiency is about 1.2 watts per 
candle. Early tests on 37-volt lamps at the 
National Physical Laboratory gave excel- 
lent results. -According to a rest carried 
out by the Westminister Electrical Testing 
Laboratories in the spring of last year, the 
efficiency of a 115-volt 35-candle-power 
lamp varied from 1.75 at the start to 2.24 at 
the end of 1,000 hours; but the report of a 
later test, carried out on the Continent at 
the end of last year on some 200-volt 65- 
candle-power lamps, showed a considerable 
improvement on this, the efficiency being 
about 1.38 watts per candle at the start, 
and about 1.28 after 500 hours. 

For the purpose of investigating the 
merits of this lamp the Zircon Syndicate 
(Ltd.) of 24 Budge Row, E.C., has been 
formed: We are indebted to Mr. H. J. 
Dowsing for the information here given. 


THE CEROFIRM MANTLE 


From the Journal 
CEng, a. Jane? 1007. 

The Cerofirm gas mantle was yesterday 
introduced to a number of gentlemen in the 
city, at a little meeting specially arranged 
to demonstrate its merits. This is’ ‘the 
mantle which formed the subject of a 
highly interesting article by Dr. C. R. 
Bohm in our columns on the 25th ult.; and 
those who saw the demonstrations with 
the mantle yesterday, and those who read 
this brief reference to what was seen, will 
desire to most carefully study that article 
for the purpose of ascertaining just where- 
in the mantle varies from the ordinary 
forms of manufacture. As was pointed 
out in the article, the base of the mantle is 
artificial silk, the fabric is impregnated in 
the ordinary manner, and then the thorium 
salts are heated with hydrogen peroxide; 
and, by this treatment, a thorium hydrate 
is obtained which does not expand but 
coheres. Now what is claimed is that the 
discovery of this particular treatment gives 
an exceptionally strong and flexible mantle 
and a mantle whose illuminating properties 
are well preserved. So far it was possible 
to do so in a short time (except, of course, 
with regard to the illuminating power), 
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Herr Bruno and his colleagues who are 
interested in the mantle demonstrated the 
veracity of their contentions. Several 
samples of the mantle were burned off in 
the presence of the visitors, then placed on 
a shock machine, and subjected to an arm- 
tiring number of violent verticat shocks— 
without damage. Mantles were twisted 
round the finger—without damage. Mantles 
were hooked on to the free end of a plia- 
ble wire held fixed at the other end, and 
the skirt of the mantle was pulled until 
the wire was bent—again without doing 
any damage to the mantle. There could 
be but one opinion that the mantle justified 
the claim to excellent merit in this regard; 
for practically all the violent treatment 
that a mantle could be subjected to without 
intentionally wishing to terminate its use- 
ful career, these mantles stood most boldly. 
The mantle, after being folded, too, re- 
vealed its fine elasticity by regaining its 
shape immediately on being replaced on a 
burner. Examples were also immersed in 
water to show that the value constitu- 
ents of the mantle are insoluble in water, 
whereas it was possible by the same treat- 
ment to precipitate the salts of the ordin- 
ary mantle. The object of this test was 
only to demonstrate that the Cerofirm 
mantle was not in any way affected by 
moisture, nor by storage in damp places. 
With regard to the illuminating power of 
the mantles, there were no means of photo- 
metrically testing this; and as this is a 
mantle whose light, according to the inven- 
tor, is not at its best until, say, the lapse 
of several hours’ use, it was not seen to the 
greatest advantage. But after a few min- 
utes’ burning, there was a distinct im- 
provement to the eye in the illuminating 
power. Dr. Bohm, in his article, mentioned 
an average lighting power of 120 to 130 
Hefner candles, with ordinary gas pressure 
and consumption; and certainly so far as 
yesterday’s experience enabled judgment to 
be made, the mantle will give a good ac- 
count of itself in this respect. But the 
striking feature was its structural tenacity, 
notwithstanding the beauty and fineness of 
its mesh. The mantle we learn has been 
largely adopted in Gérmany; and it is ex- 
pected that it will not be long before we 
shall hear more about it in this country. 


‘«*PETROLIT’”’. INVENTION ¥ 


From The Canadian Engineer, Feb., 1907. 

An invention made by the Swedish mar- 
ine engineer, Mr. Hugo Medberg, and 
which, it is said, will be a hard competitor 
against kerosene oil for both lighting and 
power purposes, appears to be an assured 
success, according to the Swedish paper, 
Dagens Nyheter. -The inventor himself 
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has already disposed of the patent a couple 
of months ago at a comparatively insig- 
nificant price, while the present owners of 
the patent, who are Swedes, ask 30,000,000 
francs for it, and they already have offers 
from many holds. Even Rockefeller is 
said to have entered into negotiations to 
acquire the novelty, which he fears will be 
a dangerous competitor. 

The invention consists in the producing 
of a stuff which is given the name “Petro- 
lit,’ and with quite remarkable properties. 
The light, which this new article gives, is 
said to be stronger and more pleasant than 
that of kerosene and the energy for power 
purposes greater than a corresponding 
quantity of kerosene. “Petrolit” is pro- 
duced from common wood-tar, which under 
the influences of certain stuffs (this is the 
secret of the invention), 1s mixed with 
water. In countries with plenty of wood- 
tar, the new product will come very cheap, 
and it is figured that ‘“Petrolit” may be 
sold for less than one and one-half cents 
per litre or about six cents per gallon. 

If the invention holds what it promises, 
it will readily be seen of what enormous 
consequences it will be. Trials have proven 
that “Petrolit” is fully as well fit for auto- 
mobiles as benzine. Another advantage 
over both kerosene and benzine is that 
“Petrolit” burns absolutely odorless. 


THEATRE LIGHTING AND VEN- 
TILATING 


From Electricity and Electrical Engin- 
cering, (London), Feb. 1, 1907. 


The latest of London theatres, which 
was opened last Monday, January 28, is 
the Playhouse, erected for Mr. Cyril Maude 
on the site of the old Avenue, 1n a position 
which has been. greatly improved by its 
having become the centre of the Embank- 
ment and Charing Cross stations of the 
various new electric tubes and their con- 
nections, by means of which it has become 
pleasantly accessible from all parts of Lon- 
don. The theatre, in the ornamentation of 
which good, 7. e., quiet and artistic, taste 
has replaced garishness, is remarkable for 
its simple and effective electric lighting, 
and for a thorough system of ventilation 
by means of electricity, and has thus be- 
come one of the most comfortable houses 
of the metropolis, from which the adop- 
tion of the plan of booking for gallery 
seats will by no means detract. 

The supply of current is obtained at 200 
volts from two separate supplies from the 
mains of the Charing Cross and Strand 
Electric Lighting Company. The cross- 
over switches are in a small intake room 
in the basement, which contains nothing 
beyond the Company’s fuses. The total 


1078 


supply will average about four hundred 
amperes; of this amount 300 amperes are 
required for the stage. The overhead 
lighting here consists of four battens, each 
with a three-color gamut composed of fif- 
teen red, fifteen blue, and forty-four white 
32-candle-power incandescent lamps. IN 
line of seventy-seven similar lamps consti- 
tutes the foot-lights. The orchestra is be- 
low these, out of sight of the audience. 
No arcs are installed, and the ordinary 
lime light will be used for those effects. 
There are twelve stage dips. The stage 
switchboard, which is on the principle of 
that installed in the Coliseum (Mr. Wing- 
field Bowle’s design) with an eight-wheeled 
regulating and dimming gear, also controls 
the centre lights in the auditorium. This 
forms not only the principal, but almost 
the sole source of light in that part of the 
house, and the reposeful effect is further 
enhanced by the fact that all the lamps in 
the auditorium are varnished over so as to 
prevent the uncomfoftable glare emanating 
from clear bulbs. A very pretty glass 
chandelier carries forty-two 16-candle-power 
lamps. This hangs down in the centre of a 
wide ornamental ring on the ceiling which 
is composed of fifty similar lamps set al- 
most flush with the ceiling. Upon the 
dress circle rail a pleasing innovation will 
be noticed, greatly brightening the effect of 
festive pomp and splendor, viz., four Vene- 
tian lanterns, rising fifteen feet, in couples, 
to the right and left of the stage boxes, 
rich in antique gold and blazing with three 
16-candle-power lamps each. ‘The artistic 
touch is also made manifest in ten fantastic 
bull heads of dull bronze, each carrying 
two lamps. These are placed around the 
stalls. Each stall is a comfortable and 
separately-placed armchair, with loose 
cushions, ornamented simply and effectively 
with its number within a laurel wreath, 
both embroidered in gold. There is no pit. 
The stalls fill the whole ground floor. The 
dress circle and gallery seats are of the 
most comfortable clap-up armchair pattern, 
and the whole is carried out in deep havan- 
nah and gold. Both upper tiers rest on 
girders, and are tilted in such a fashion as 
to allow an uninterrupted view of the 
stage from any part. 

The principal lobby is lighted by a golden 
shell showing six incandescent lamps, 
and hiding six others which throw the 
light on the ceiling. A pretty 16-light Em- 
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pire lantern hangs from the ceiling of the 
outer lobby, and 3-light Empire brackets 
are placed on the sides. All the staircases 
are lit by electric bulkheads placed almost 
flush with the ceiling. 

A very pretty pattern of gilt lamps hang- 
ing on chains has been adopted for the 
dress circle and stall bars. The lighting of 
the front of the theatre has not yet been 
completed. There will be forty-two incan- 
descent lamps on the shelter over the main 
entrance, and two arc lamps on top of that. 
It is further proposed to add—if permission 
can be obtained—a street sign, designed in 
the Old Empire style. This alone will use 
a 10-ampere circuit. 

In all there are about three hundred and 
fifty lights, the electroliers all varying in 
design; for example, a simple 4-lamps 
crystal device having been chosen for the 
King’s retiring room, which is reached by 
a separate staircase leading from the royal 
box. This room is heated by an electric 
radiator. The latter are also to be found 
in some of the dressing rooms, each of 
which has two or three lamps and three 
plugs for dressing-table purposes. These 
rooms are in the basement and are venti- 
lated by two electric fans, one driving in 
cool air, while the other removes the viti- 
ated atmosphere. Both fan motor-cham- 
bers are easily accessible. The auditorium 
is also ventilated by a larger one of these 
fans, consisting of a 4-horse-power exhaust 
fan placed on the top of the centre of the 
ceiling, and a 4-horse-power motor driving 
a sirocco-fan. This device is connected by 
wires with the safety curtain, so that when 
that curtain is lowered the motor is short- 
circuited, and the fan stops working, so 
that in case of fire the ascending smoke is 
not whirled about to the inconvenience and 
danger of the persons occupying the upper 
parts of the house. All the wiring is laid 
in solid screw steel tubes through the en- 
tire building. The master switches of the 
auditorium supply are under lock and key 
in a specially constructed cupboard. 

The whole of the work has been carried 
out by Messrs. Maple & Co., and reflects 
the greatest credit upon all concerned in 
the same. Mr. Wingfield Bowles was the 
consulting engineer, Mr. T. C. Martin 
supervised the installation on behalf of 
Messrs. Maple, and Mr. H. Pemberton, 
late of the Coliseum, is the electrical engin- 
eer for Mr. Cyril Maude. 
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Commercial Engineering of Illumination 


THE COOPERATIVE ELECTRICAL 
DEVELOPMENT ASSOCIATION 


Abstract of Report of J. Robert Crouse, 
presented at the meeting held in New 
York, December, 1906. 


Before describing briefly the active work 
which has been done during the past year, 
it will doubtless be well to briefly refresh 
your minds as to the objects of the Asso- 
ciation as set forth in the constitution, 


which are: First, the promotion of the in- - 


creased and more extended use of elec- 
trical service by the public for light, heat 
and power against all competitors for like 
service as an end in itself, and as a means 
to the increased demand for electrical ap- 
paratus and supplies, and the.co-operative 
planning and execution of the various 
means and methods effective to this end. 
Second, the establishment of co-oper- 
ative relations, both moral and financial, 
among the different electrical interests, 
from the manufacturer to the consumer, 
to the end that each may contribute in 
some measure toward bringing about the 
above results desired in common by all. 
The ground on which the contention is 
based that limited commercial co-operation 
is feasible, fair and profitable for the manu- 
facturing, central station, and other elec- 
trical interests, is the almost absolute de- 
pendence of the manufacturer making 
generating and distributing apparatus and 
supplies for his market, upon the commer- 
cial activity of the manufacturer who pro- 
duces the final utilities through which the 
market common to all—the public—is in 
the end electrically served, comparatively 
few in number, as will be observed; in the 
field of light, the incandescent, the glower, 
the mercury-vapor, the tube and the arc 
lamp; in the field of heat, miscellaneous 
appliances for domestic and industrial pur- 
poses, and in the field of power, the motor 
in endless and detailed application. 
The money value of these devices is only 
a fraction of the total volume of the manu- 
factured product, yet they create a demand 
for all generating and distributing ap- 
paratus and supplies, and constitute the 
edge of the commercial wedge through 
which is opened up the market for all such 
apparatus and supplies—sockets, porcelain, 
wire, conduits, switches, motors, trans- 
formers, dynamos, engines, boilers, etc. 
Likewise, in turn, the dependence of the 
manufacturers, jobbers and contractors, in 
varying degrees, upon the commercial ac- 
tivity of the central station and others in 
exploiting electrical service to the public; 
and ultimately the dependence of us all in 
turn, like links in a chain, upon this great 


pre-occupied, incredulous and_ indifferent 
public, with a purchasing power of $18,- 
659,000,000 distributed among its 85,000,000 
individual units. 

The work which has been done by the 
Association during the past year may be 
briefly summarized as follows: 

First: A large amount of literature has 
been issued by the Association in regard to 
itself, its objects and plans, which has made 
a strong appeal to the business sense and 
business imagination of the entire trade. 

The Association offered a prize of $1,000 
far papers on the “Organization and Con- 
duct of a New Business Department for 
Central Stations,’ which brought out some 
of the best thought on the subject. 

This, in turn, has been made widely ef- 
fective through pubuication in all of the 
electrical trade papers, and through dis- 
semination in pamphlet form. 

Other commercial literature, 
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complete tabulation of applications of elec- 


tricity, has been issued which it is not es- 
sential to review in.detail at this time. 

Second: Certain advertising agencies 
were interested in the work, for the pur- 
pose of affording to central stations and 
the distributing trade in general, the avenue 
through which could be secured, at reason- 
able rates, effective advertising and follow- 
up campaigns for local use. 

The work of the advertising agencies, I 
believe, has been very effective, and large 
numbers of central stations, and some con- 
tractors and jobbers, have taken advantage 
of their service. 

In addition, through the advertising 
agencies, there has been issued to central 
stations, manufacturers, contractors, job- 
bers, and their salesmen, and the trade in 
general, a campaign of commercial litera- 
ture which aimed to emphasize the im- 
portance and opportunities for going after 
the public’s business more aggressively. 

All of this you are more or less familiar 
with, as it is arranged in logical order in 
your Exhibit Book No. 2,275, sent you 
some months since, and explained in some 
detail in Bulletin No. 2,275-A. 

Third: . The active co-operation of the 
electrical technical press was early se- 
cured and by the first of this current year 
all of the papers had opened up special de- 
partments devoted to the question of the 
ways and means of exploiting most effec- 
tively electrical service. Their work in 
this field has been covered in Bulletin No. 
10,647, and may be summarized briefly in 
one paragraph as follows: 

During 1905, 148 columns devoted to the 
general subject appeared in the technical 
press, while during this current year, 1906, 
1,054 columns were devoted to the subject, 
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which, if capitalized at advertising | rates, 
would amount to $15,700. ) 

I understand that their decision to co- 
operate with this movement in the open- 
ing up of these departments, constitutes a 
departure in general technical press jour- 
nalism, and must, therefore, indicate their 
interest in the entire campaign, as well as 
their disposition to contribute their full 
share in the work. 

Fourth: <A special effort has been made 
during the past year to interest the sales- 
men in the work of the Association. 

The logical basis on which the sales- 
men’s interest has been so far secured, and 
can be increasingly secured in the future, 
is well put in the following extract from 
a salesman’s letter. 


“Here's wishing the Co-operative As- 
sociation continued success, as their 
success is my success.” 


The attempt has been made to familiar- 
ize salesmen with the plans of the Asso- 
ciation, and in particular to secure their 
co-operation in presenting, by word of 
mouth, to the distributing trade the argu- 
ments and commercial data which were 
sent to them direct through the campaign 
of commercial literature, trade press, etc. 
There can be no question but what this 
has had a very marked stimulating effect 
in bringing about results. 

Bitth; The- particular point, has been 
made to present the Association, its ob- 
jects and plans, before electrical associ- 
ations of various kinds. It was presented 
before the National Electric Light Asso- 
ciation in June at Atlantic City; before the 
National Electrical Contractors in July; 
before the Electrical Jobbers at Niagara 
Falls in September; and before six State 
associations during the summer and _ fall. 
In each case it has had an attentive and 
respectful hearing, and the different asso- 
ciations have shown their interest by the 
appointment of committees which are to 
co-operate with the general Association. 
It has furnished in this manner an occasion 
for the discussion of the commercial phases 
of the business to a greater extent than, I 
believe, would have otherwise been the 
case. 

Sixth: The possibilities of commercial 
publicity in the newspapers was tested out 
through the dissemination of an article en- 
titled “The Electric Home,” which was 
very widely used in Sunday editions, and 
the space devoted to it, capitalized at ad- 
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vertising rates, would have aggregated $10,- 
ooo and above. 

Along the same lines, other electrical 
articles: have been introduced into trade 
papers of allied industries, of which there 
are about a thousand, clearly demonstrat- 
ing that the right kind of matter furnished 
to them will be freely used. 

Broadly speaking, I believe that the gen- 
eral result which has been accomplished 
is the effective direction of the attention of 
the entire trade to the consideration of 
the possibilities of the commercial develop- 
ment of the business, particularly on the 
part of the distributing trade. 

Admittedly, in the words of representa- 
tive men in the distributing trade, the in- 
dustry has been essentially technical, and 
attention has been very largely centered 
upon the engineering and operative phases 
Olsit: 

The programs of the different state as- 
sociations have been noticeable this year, 
for the notice taken and papers presented 
on the subject of “New Business Getting.” 

In addition, the technical press, both in 
its editorial comments and in its new busi- 
ness departments, reflects the vastly in- 
creasing attention being given to this sub- 
ject. 

During the past two months an effort has 
been made to get together the concrete re- 
sults which appear to have followed this 
entire campaign. 

These naturally pertain to the results 
in the central station field, inasmuch as 
well organized work has not been under- 
taken and has not been possible in the 
other fields, by reason of the insufficiency 
of funds as well as on account of the time 
necessary to prepare such campaigns. 

I believe that while remarkably good re- 
sults have been accomplished, yet they are 
to be qualified in terms of the general pros- 
perity prevailing in all lines of business. 
Undoubtedly an unusual increase would 
have been enjoyed by the electrical busi- 
ness, regardless of the Association and its 
work. Individual judgment will vary on 
this, but the following figures will be 
found interesting and suggestive: 

As an off-set against too great a dis- 
count of the result, the fact should be borne 
in mind that it has not been possible to 
secure complete returns on the results. 
The writer has personal knowledge of a 
number of such cases where the details are 
not available for use. 

Most any way you analyze these results, 
I think you will be forced to the conclusion 





Business Evpense of Association’ s Expenses 
Resulting. Association. Per Cent. of Business 
Business resulting asfigured.................. $20,000,000 $30.000 .0015 
One-half business resulting as figured.......... 10,000,000 30,000 .003 
One-quarter business resulting as figured....... 5,000 000 30 000 .006 
One-eighth business resulting as figured........ 2 500,000 30,000 .012 
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that this plan of co-operative commercial- 
ism—the massing of a small fraction of our 
combined selling forces on the public’s 
business, opens up an avenue for increasing 
the sale of electric current, apparatus and 
supplies which is very highly efficient. 

If you should credit the Association and 
those co-operating with it, with the fourth 
result above mentioned, it would more than 
-have justified the original appropriation of 
$287,000 suggested in Denver in 1905, as- 
suming a profit to the manufacturers of 
15% on the increased business. 

In conclusion, permit me to express my 
very great appreciation of the uniform 
courtesy, patience and co-operation which 
has been given to me in my personal re- 
lations with you all in the development of 
this -work thus far. -Whether or not it is 
written in the Book that our joint fortunes 
will lead us to the actual initiation of the 
Association, and the further prosecution of 
its work, we may all, I believe, feel some 
personal satisfaction in having made an 
honest and an earnest effort to evolve a 
commercial plan, which, while justifying 
itself in the cold dollar fashion of bus1- 
ness, gave at the same time promise of 
improving both personal and trade rela- 
tions in the future. 

The incandescent lamp manufacturers 
are the generous fathers of this propo- 
sition, which Mr. Jackson at your last 
March meeting, was pleased to call my 
baby... Carrying out the simile, 1 feel 
that it has now outgrown its swaddling 
clothes, has cut its eye teeth, finds a milk 
diet, in consequence, inadequate to its fur- 
ther development, has quite broken loose 
from its maternal apron strings, and ap- 
pears before you as a very promising com- 
mercial youngster whose future growth and 
development must be entrusted to the lar- 
ger interests and guidance of the whole 
electrical family. 


A NEW HIGH EFFICIENCY INCAN- 
DESCENT LAMP PATENT 


Under the title “Manufacture of Lumin- 
ant for Electric Lamps” a patent was 
granted December 25 to Mr. John Allen 
Heany, of York, Pa., on an incandescent 
lamp filament consisting of a metallic alloy 
of tungsten and of titanium or similar 
metal. The original application, of which 
that of the present patent is a division, 
was filed December 29, 1904. 

The specification states that the invention 
relates to the manufacture of luminants 
for electric lamps made of very pure re- 
fractory metals, such as tungsten, titanium, 
zirconium, etc., or alloys of two or more of 
such metals, or of pure chromium, molyb- 
denum, thorium, manganese, or alloys of 
such metals. Such luminants have proper- 
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ties heretofore unattainable, such as being 
ductile and capable of standing a much 
higher temperature than any form of car- 
bon or of the carbids of such metals and 
are more efficient than any hitherto known 
metallic filaments. They can withstand a 
much higher temperature and also convert 
the heat into light waves, and thereby 
have the properties of selective radiation. 
The above metals or osmium, cerium, niob- 
ium, tantalium and vanadium or boron and 
silicon are utilized either singly or mixed 


in a powdered: form, as some-of these 


powdered metals can be obtained by known 


processes more-or less pure; or the pure 


oxides, hydrides, nitrides can be employed 
or metals in a very fine powder oriin a 
colloidal state of the oxide or colloidal 
suspension of the pure metal and with the 
dry powder use a lubricant or binder, such 
as water or paraffin, to form or shape 


them. They are then baked in an oven to 


drive out the paraffin or water, and in case 
the oxide is used the filament is reduced 
metal. The preliminary baking does not 
oxidize the metal, but merely strengthens 
in a pure hydrogen by external heat to the 
it, and during this operation the binder is 
dissipated, leaving the filament formed of 
a refractory substance, strong, durable, and 
of good conductivity. The body is now 
heated by an electric current in a vacuum 
to drive out the hydrogen and to sinter or 
alloy the particles. If the filament is too 
large or rough, it may be rolled or drawn 
to the desired shape. 

The present divided application is direc- 
ted particularly to the production of an 
alloy of tungsten and titanium or an alloy 
of tungsten with some other metal. 

It is well known in the art that when two 
metals in a finely divided condition are 
mixed with each other and heated under 
certain conditions they form alloys, and it 
is also believed by some that alloys gener- 
ally melt at a lower temperature than either 
of the component metals; but the inventor 
states he has discovered that certain al- 
loys of these above-mentioned metals in 
various proportions are very stable at high 
temperatures and appear to have the 
properties of selective radiation in a vac- 
uum. The resistivity, flexibility, strength 
and shiny surface of these alloys can be 
regluated by the proportions of the con- 
stituents and by certain manipulation. 

As an illustration of a suitable process, 
finely-powdered pure titanium _ nitride, 
which may be made by passing pure am- 
monia gas over heated pure titanium di- 
oxide, is mixed with an equal volume of 
pure tungsten trioxide, which is also finely 
powdered and squirted through a suitable 
die, there being added a small amount of 
paraffin or water to act as a lubricant, and 
the filament is then baked to drive out the 
lubricant. The filament is now heated by 
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external heat, such as a gas flame, in a 
porcelain tube, through which an abundant 
supply of pure hydrogen is flowing for 
several, hours, and the tungsten trioxide is 
by this treatment reduced to the metal, 
which remains mixed with the titanium 
nitride. The filament, after cooling, is re- 
moved from the tube through which the 
hydrogen is passing and mounted on the 
stem of the lamp. The bulb of the lamp 
is now exhausted and the filament is glowed 
at a bright temperature, care being taken 
that no vaporized oil arises from the pump 
into the bulb in order to prevent the for- 
mation of a carbide. By the action of the 
electrical current, which produces a very 
high temperature, the titanium nitride is 
dissociated and the nitrogen is pumped off 
while the titanium alloys with the tungsten. 
The filament shrinks both in cross-section 
and in length, and there results a dense 
shiny durable alloy filament of pure titani- 
um and tungsten. 

Another method consists in mixing titani- 
um dioxide with tungsten trioxide and 
forming the mass into filaments by squirt- 
ing through a die, there being added a 
small amount of water or paraffin; then 
driving out the water and _ paraffin by 
gently heating, and then reducing the fila- 
ment, which is now composed exclusively 
of the two oxides mentioned, in the tube 
by hydrogen, whereby the tungsten tri- 
oxide is reduced to metal and the titanium 
is either converted into the metal or the 
suboxide, or a mixture of the two; the 
filament is then treated in a vacuum by an 
electric current, as above specified for the 
nitride and metal filament. 

Various other proportions of the ingredi- 
ents may be employed and excellent re- 
sults may be obtained by using in place 
of the tungsten trioxide pure finely-divided 
tungsten up to'as high as 95 per cent. mixed 
with 5 per cent. of titanium powder or 
powdered titanium nitride, or mixed with 
other refractory metal or metallic sub- 
stance.. The conductivity, strength and 
efficiency vary with the alloys of different 
metals, and good: results may be obtained 
with a comparatively large percentage of 
tungsten alloyed with any of the above- 
named metals. 

Following are the three claims of the 
patent: 

_A filament for incandescent lamps con- 
sisting exclusively of a metallic alloy of 
tungsten and titanium in a dense shiny co- 
herent state and homogeneous throughout. 

A filament for electric incandescent lamps 
comprising an alloy of tungsten and a 
metal which is stable and capable of being 
incandescent at a temperature at which 
platinum volatilizes, said filament having a 
high point of fusion and being electrically 
conductive, and being stable at an efficiency 
at which a carbon filament, or a filament 
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containing metallic oxide will rapidly dis- 
integrate, and being dense and homogene- 
ous and having a shiny metallic surface. 
The process which consists of forming a 
filament composed exclusively of a com- 


pound of tungsten and a compound of 


titanium and reducing both compounds to 
their respective pure metals, removing the 
non-metallic component elements and alloy- 
ing said pure metals, and shrinking said 
filament into a dense homogeneous shiny 
metallic alloy filament. 


DARKNESS AND DIVIDENDS 


There is a scriptural passage to the effect 
that “some men prefer darkness rather than 
light because their deeds are evil.” If by 


“darkness” is meant absence of sunshine, 


then the central station manager’s deeds 
must be evil indeed; for the less sunshine 
the more dividends; and the “melancholy 
days” of the poet are the joyful days of the 
stockholder. Commenting on the fact that 


‘December and January were darker than 


for years past, the New York Evening Post 
says: 

“Tt has been a hard fight to keep the 
whining dynamo and sagging tank ahead 
of the imperative calls of button and jet; 
but in almost every instance the emergency 
has been tided over. The winter of 1906- 
7 will always be remembered as a campaign, 


however, by the men whose business it is 


to understudy the sun. 

“A scientific and exhaustive study of the 
caprices of the great lightmaker is to be 
made by the lesser ones, as a result of the 
extraordinary conditions which have ob- 
tained thus far this winter. The matter 
has been called to the attention of the Em- 
pire State Gas and Electrtc Association, an 
association of lighting men of the up-State 
territory, and plans have been proposed 
for obtaining exact records of the varia- 
tions of sunlight during every hour of this 
record period of darkness. The coOpera- 
tion of scientists and Government experts 
will be invited and a determined effort 
made to obtain some definite insight into 
the causes and probabilities of sudden, un- 
timely and extended obscurity in the sun’s 
rays. . 

“Philip T.. Glidden, of Binghamton, has 
already begun, in the interests of the Asso- 
ciation, an investigation of the instruments 
and methods employed in the Government 
service for observing and recording the 
variations in the sun’s illuminating power. 
He is working out an instrument which, 
when perfected, is designed to record not 
only the periods of sunlight and unobscur- 
ity, but the most minute gradations and 
variations between them at every minute 
during an overcast day. 
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Miscellaneous News 


Alameda, Cal.—At the meeting of the 
trustees last night the rates of the Muni- 
cipal Light Plant were reduced 30 per 
cent. The rate heretofore has been 10 
cents a thousand watts. The price is now 
7 cents. The city lighting was reduced 
from 61-4 to 4 I-2 cents. 


Albany, N. Y.—The second annual report 
of the Commission of Gas and Electricity, 
sent to the Legislature yesterday, shows 
that there is a total of 426 corporations, 
municipalities and individuals furnishing 
gas or electricity for light, heat or power in 
the state coming under the supervision of 
the commission. 

The capitalization of these companies ag- 
gregates the sum of $546,000,000, and the 
gross income from operation approximates 
$75,000,000 per annum. Of this number, 51 
plants furnish coal, water, or mixed coal 
and water gas, 162 electricity, 51 both gas 
and electricity, 12 acetylene gas, 13 gasoline 
gas and 41 natural gas. Of the municipal- 
ities engaged in furnishing light, 3 furnish 
gas and 35 electricity. 

The commission makes several important 
recommendations to the Legislature as to 
legislation. The most important of these 
recommendations has to do with the ques- 
tion of complaints as to price, purity and 
quality of gas or electricity. As the law 
now stands, complaints can be made to the 
commission by the proper municipal author- 
ities or by one hundred or more consumers 
of gas or electricity in the territory of the 
company complained of. The commission 
recommends that the law be amended so that 
complaint may be made by 25 customers in 
the territory served where it contains less 
than 1,000 population, by 50 customers 
where the population is between 1,000 and 
5,000, by 75 customers where the population 
is between 5,000 and 10,000 and 100 in all 
other places. This amendment would make 
it possible for the consumers in any com- 
munity in the state who consider them- 
selves aggrieved to have an investigation, 
and the price regulated. 


Albany, N. Y.—The commission of gas 
and electricity has taken action looking to 
fixing a standard of illuminatine power 
and purity of gas for lighting purposes 
throughout the entire state outside of New 
York city, which has statutory provisions 
apnlicable to that city only. 

The act creating the commission gives 
it authority to prescribe the minimum il- 
luminating power and the composition, so 
far as impurities are concerned, which can- 
not be exceeded by any gas company in the 


ob 


state. These impurities recognized by the 
New York city law are ammonia, sulphur 
and sulphuretted hydrogen, the presence of 
which is detected by chemical tests. The 
illuminating power is detected by the photo- 
meter. 


A notice has been served on all the com- 
panies outside of New York city supply- 
ing either coal gas, water gas, or mixed 
coal and water gas, that the commission is 
about to fix and establish such a standard, 
and that a hearing upon the proposed order 
will be held at the Capitol, February 21, at 
10 o'clock, each company having an oppor- 
tunity to be heard at that time. This af- 
fects some eighty-five companies, and all 
users of coal or water gas, outside of New 
York: city: 


Brownwood, Texas.—On account of the 
failure to make a satisfactory contract with 
the light plant for street lights there is 
strong talk of the city installing a light 
plant for street lighting purposes. The light 
situation is the talk of the city. The trouble 
between the light plant and the council is 
that the plant will not agree to give a cer- 
tain voltage which the city believes it would 
be entitled to under the contract. 


Herington, Kan.—Final arrangements 
have been made by the city council of Her- 
ington for the transfer of the electric light 
as well as the water plant from private cor- 
porations to the municipality. 


Joplin, Mo.—At a meeting of the board 
of public works of the city of Joplin, held 
Friday, plans were outlined for a cam- 
paign for commercial lighting for the year 
1907. during which time it is proposed to 
double the present amount of city lighting 
business and place a solicitor in the field. 


Los Angeles, Cal.—Application was re- 
ceived from the Pacific Light and Power 
Company for a franchise to operate a sys- 
tem of poles and wires over the streets and 
highways of the county for the transmis- 
sion of electric ight and power. The fran- 
chise is to be in effect for fifty years, and 
after July 15, 1912, the county is to receive 
2 per cent. of the gross receipts for power 
and light furnished outside of incorporated 
municipalities. 

The board will advertise the franchise 
for sale. 


Nashville, Ark.—The Nashville municipal 
light plant has become a burden to the city, 
and the council is now considering the ad- 
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visability of selling it. The company from 
which the plant was purchased is demand- 
ing the remainder of the purchase money, 


and threatens to sell the property unless the 


payment is met. There is no money with 
which to meet this payment, as all the 
revenues of the city have been swallowed 
up in the attempt to operate and pay for 
the plant, and the only thing remaining to 
be done is to either allow the company from 
which the plant was purchased to foreclose 
its lien or accept an offer made by a citizen 
of the town for the plant.. At a meeting 
of the council Monday night a committee 
was appointed to confer with the man mak- 
ing the offer for the plant. 


_ New York City.—By a decision of the 
Appellate Division of the Supreme Court, 
the Long Acre Electric Light and Power 
Company, recently acquired by the Manhat- 
tan Transit Company, gets the right to enter 
the city’s electrical subway system. 

It was announced at the time Justice 
Dowling issued his decision that the Long 
Acre company would go into the business 
of electric lighting on a large scale and 
would cut down existing electric light 
charges about one-half, with a profit to the 
company. Mr. Sheehan has asserted that 
the Manhattan Transit Company will sup- 
port the Long Acre in its plans for develop- 
ing a large business. 


Niagara Falls, N. Y.—The illumination 
committee of the Board of Trade has taken 
another step in connection with the plan to 
illuminate the Falls which has been on tap 
for so many years. A committee was ap- 
pointed to learn the attitude of the park 
commissioners on the matter and an effort 
will be made to have a joint conference be- 
tween the officials of the two sister cities for 
a discussion of the proposition to have a 
joint illumination of the cataract. The 
joint illumination idea is a good one and 
with the cooperation of the Canadian offic- 
ials and business men something out of 
the ordinary in the way of illumination 
should result. 


Pasadena, Cal.—By an act of the council 
at today’s session directing the clerk to ad- 
vertise for bids for machinery and supplies 
to increase the capacity of the proposed 
municipal lighting plant to a unit to equal 
1,000 kilowatts, the city of Pasadena pro- 
poses to thrown down the gauntlet to the 
Edison Company in the competitive field 
of commercial lighting. 

Said City Attorney J. Perry Wood today: 
“We have practically decided to cut the 
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present rates half in two. With the en- 
larged capacity of our plant we will be able 


-to .take care of all the business that will 


naturally come to us by reason of the cut 
in rates. Of course the city does not expect 
to capture the entire business of the com- 
munity, as it is to be expected the Edison 
Company. will meet our cut and of course 
that company will retain many of its pat- 
rons under any condition.” 


Philadelphia, Pa.—Indignant over the in- 
sinuations of certain men who have said 
that the contract with the Keystone Con- 
tracting Company for the lighting of the 
gasoline lamps of the city would never be 
signed, Mayor Weaver yesterday affixed his 
signature to the contract and personally 
took the document to the City Controller to 
be countersigned. The price named in the 
contract. for lighting the 14,000 lamps dur- 
ing the year is $387,193.30, which is $30,000 
less than the bid of the Globe Gas Light 
Company, that formerly did the work. 


SAecanee Cal.—A committee of. the 
Board of City Trustees is now engaged in 
an inquiry as to the cost and feasibility of 
installing a municipal lighting plant for 
Sacramento, and while it has not as yet 
ascertained the total cost of installing such 
a plant, nor the cost of operating, it is 
more than probable that it will report back 
favorably to the proposed scheme. 


Salem, Ore.—Blazing all night long, the 
electric lights of the Capitol suggest an ex- 
travagance that not one taxpayer in 10,000 
in Oregon can afford for himself. But as 
good fortune has it, the lights are not on 
meter and the taxpayers pay the same 
money whether they burn or not. The con- 
tracts for the electricity will expire March 
3, 1908, however, and it is up to this Legis- 
lature to provide a new source of light, 
either by building a lighting plant for the 
state or by entering into a new contract with 
the electric company of this city. The pres- 
ent contract requires the state to pay a flat 
rate of 30 cents ner light per month for 
each 16-candle-power light burned in the 
Capitol. That a flat rate contract encour- 
ages waste is very apparent to one who has 
been around the Capitol during the Legis- 
lative Assembly As the cost to the state 
is the same whether the lights are burned 
or not, the current it left turned on in many 
places where it would be turned off if the 
state were paying upon a meter basis. The 
same is probably true at the several in- 
stitutions. 
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“HAVE YOU EVER HEARD IT TOLD 
THAT WAY BEFORE?” 





Have you ever heard it told that way before ? 


For the same cost of current required to run 
Forty-five ordinary 16 c. p. lamps 

You can run 56 Shelby forty-five watt lamps, 
Each giving the same illumination, 


Useful light, as the ordinary kind. 


Even though you could buy the ordinary kind for 


A SONG 


Would not the Shelby be less expensive in the end? 


SHELBY ELECTRIC C0. 


SHELBY, OHIO 
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Illustrated List of Approved Fittings 


@The publishers of ELEC- 
TROCRAFT have great pleasure in an- 
nouncing the publication of the first 


lites oasis 1 complete, illustrated volume of electrical 


Approved Electrical Fittings fittings, approved by the Underwriters’ 
| National Electrical Association, ever com- 
| piled in the United States. 












































| (This important publication 
| takes the form of a handsomely bound 
book, One Hundred and Fifty pages, 
each 5 1-2 by 7 1-2 inches, and em- 
braces adequate descriptions and_ illus- 
trations of all approved fittings now on 
the market, together with clear and con- 
cise instructions concerning their use. 













































































Qt will be revised and published annually, and 
fittings approved by the Underwriters’ National Electrical Asso- 
ciation between the intervals of its publication will be primarily 
described and illustrated in the monthly issues of ELECTRO- 
CRAFT. 


@It is entirely superfluous to point out the in- 
estimable value of this publication to persons engaged in electrical 
work. The lack of some reliable and ready guide in the selection 
of officially approved and safe fittings has long been a source of 
trouble and expense to contractors and of fire losses to the public. 


@Attention is called to the following offer of 
one year’s subscription to ELECTROCRAFT (regular price 
One Dollar) and a copy of “Electrocraft Illustrated Approved 
List” of fittings (regular price Fifty Cents), both for One Dollar. 
Persons availing themselves of this liberal proposition receive not 
only the “Electrocraft Approved List,” but ELECTROCRAFT 
itself, the only practical, plain talking electrical magazine in the 
country, and one of the most successful efforts in trade journalism 
in the United States. 





Electrocraft Publishing Company 
DETROIT, MICHIGAN. 
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Macbeth-Evans Glass Company, 
Pittsburgh, 


Manufacturers of all kinds and colors of 


Illuminating glassware, 
Alba glass for diffusion, 
Thermo glass for high temperature lamps. 





OUR 
MUTUAL 
INTEREST 
DEMANDS 
YOUR 
INVESTIGA- 
TION 





WRITE FOR CATALOGUES 


The Cleveland Gas and Electric Fixture Co. 


CONNEAUT, O. 
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VERY man is the architect of his own fortune,— the shaper of 
his own destiny. The reason why so many men make complete 
failures is because they have no purpose in life—no definite aim 

in view. ‘They drift about from position to position, advancing and 

receding, up today and down tomorrow, like driftwood in a storm at 

sea. They hope sometime, somewhere, somehow to be in a position 

of independence. The cost of independence like everything else worth 

while is the price of work, effort, ambition and nerve. Haphazard hacking 

and hewing can never result in anything worthy of the effort. There is a 

natural “bent” in every man’s character. Find that “bent” in your character, 

follow it, and you will be successful in life. No artist ever put brush to canvas 

without a very definite idea of the picture he intended to paint. No sculptor ever 
took chisel in hand without a well defined purpose in view. 


@, What are you making of yourself? In your father’s time the man who 
failed to get an education in his youth was handicapped for the rest of his life. That 
was before the day of the Corrspondence School. Now all that you need to do to 
become master of a trade or profission of your own choice is merely to let us know your 
natural “‘bent”’ and let us develop it f. r you. 


@, Write today for our 200 page FREE handbook handsomely illustrated with diagrams, 
photographs and charts describing our 60 courses in Engineering and Technical subjects. 
There is no reason whatever, why any man of ordinary intelligence should continue to toil 
away day after day in an underpaid, menial position when such opportunities are open for the 
mere asking. ‘This your opportunity. Grasp it now. 


WE EMPLOY NO AGENTS 


to bother you with repeated calls at your home or place of business. We talk to you only by 
mail. ‘The money you pay us is not used to maintain an expensive organization of high-priced 
agents, but is used to give you better instruction at a lower cost. 


@_ Tell us what course you are most interested in, and receive Free (if you mention this maga- 
zine) our 200-page hand-book fully describing it. 


Mechanical Drawing Heating, Ventilation and ....structural Drafting 
Electrical Engineering Plumbing ....Locomotive Engineering 
Mechanical Engineering .... Stationary Engineering ....Civil Engineering 

.... lelephone Practice College Preparatory Course .....Marine Engineering 

.... lelegraphy (fitting for entrance to en. ....Architecture 

....sheet Metal Pattern Drafting gineering schools) .... Lextiles 


AMERICAN SCHOOL OF CORRESPONDENCE 
DIVISION No. 43. CHICAGO, ILL. 
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ELECTRICAL TESTING 
LABORATORIES 


Diagram of Floor Space Devoted to Tests of Illuminants 


| Kitchen | 


— 


* Second Floor - 


* INCANDESCENT LAMP LIFE. TESTS - 


TRANS- 
-FORMER \ 
] VAULT. I} 


_ STANDARD , 
PHOTOMETER. 


iat aa a 


*LAMP STORAGE.- 


- LIFE TEST PHOTOMETERS - 


J PHOTOMETER. 
LAMP INSPECTION - Globes&henectons 


=I 
2s) Fee 











RELIABLE PHOTOMETRIC DATA 


Are anecessity to the Illuminating Engineer. Here he may 
obtain them at reasonable prices. 








“Electrical and Photometric Tests of Every Description.’’ 


ELECTRICAL TESTING LABORATORIES 


80th St. and East End Ave. New York, N. Y. 
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(PATENT APPLIED FOR) 


No. 66—600 Watts 


Greater Illumination and Artistic Appearance 
COMPARE IT WITH AN ENCLOSED ARC 


This cluster utilizes the new Gem High Efficiency lamps of 40C. P., 
consuming 100 watts per lamp, making a total of 600 watts. 
The six-light cluster therefore consumes practically the same amount 
of energy as a 5} ampere direct current enclosed arc. 


LIST PRICES 
ARC FOR 40 C. P. GEM LAMPS 


No. 64 4 Lights ; : $17.90 


se 65 5 e e e 19.20 
: 66 6 agents “ : 20.50 
ARC FOR STANDARD 16 C. P. LAMPS ARC FOR 22C. P. TANTALUM LAMPS 
No. 54 4 Lights . ~. $11.65 No. 74 4 Lights . . $13.55 
ne aD Dead He shies 12.40 id ag fis aes a mee 14.50 
Oso a vies ket eee iat eg? Merete) es ites 15.45 
gees SF 7 | ts a: 14.00 


Write for further information, Photometric Curves and Discounts 


HOLOPHANE COMPANY, seer’ 227-229 Fulton St., New York 
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Bound Copies of Volume | 
of The Illuminating Engineer with complete 
index will be ready for delivery after 


March 20th, 1907 


Bound Full Buckram - - - - - - - - $2.00 
s Pialielviotocco.-. ==) 2 es es = 275 


If you wish us to reserve a copy for you, send in 
your order at once as our supply is limited 


Illuminating Engineering Pub. Co. 
12 West 40th Street | New York 


“The Recognized Authority on Wiring and Construction.” 
—The Electrical Journals of the United States. 





The Universally adopted National Electrical Code explained and 
illustrated in this year’s edition of the hand-book 


Standard Wiring 


FOR ELECTRIC LIGHT AND POWER 


By H. C. CUSHING, Jr., A. I. E. E. 
Electrical Engineer and Inspector 


ADOPTED 


By the Fire Underwriters of the United States. 


By Cornell University, Stanford University and other Tech- © 
nical Colleges and Schools. 


By over 109,500 Electrical Engineers, Central Station Man- 
agers and Wiremen. 


BECAUSE 


It is the only book on Wiring and Construction kept strictly 
up to date. 
It contains all the necessary Tables, Rules, Formulas and 
Iiustrations. 
It settles disputes, and if referred to before wiring will prevent 
disputes. 


Flexible Leather Cover (pocket size), $1. 





Sent post paid upon receipt of price by 


ILLUMINATING ENGINEERING PUB. CO., 12 W. 40th St., NEW YORK 
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Holophane Glass has received the highest awards at every International 
Exposition held since its invention. Holophane Globes and Reflectors are the 
only globes that have ever received any authoritative scientific endorsement. 





{E HOLOPHANE GLASS COMPANY — 
-HOLOPHANE GLOBES AND REFLECTORS 
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